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HanocnmyrHuk GRESAT. O6mee onucanue. J1. burjgens (ZARM), M.IO.
OunnnukoB (UIIM um. M.B. Kenneima PAH), A.C. CenuBanos (PHUU KI1),
1. Taiine (DLR), O.E. Xpomos (PHUU KII). IIpenpunat UIIM um. M.B. Ken-
neiiia PAH, MockBa, 35 ctpanun, 11 pucyHkoB, 5 tabnui, oubnuorpadus:
18 nHaumeHoBaHUM.

[IpuBoauTcs ob1iee onucaHue MPOCKTUPYEMOTO POCCUHUCKO-TEPMAHCKOTO
HaHocnytHuka GRESAT, uenu u 3agaun MeXIyHapOJAHOIO MPOEKTa, B paMKax
KOTOpOTO pa3pabarbiBaeTcs amnmapat. Kparko paccMaTtpuBaroTcst €ro mojcucTe-
Mbl. [IpuBoIUTCS cXeMa B3aMMOJIEUCTBUS POCCUIMCKOTO U T€pPMaHCKOIO CErMEH-
TOB CITyTHHKA.
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TOBOW KOMITHIOTEP, TVIOOAThHAS CITyTHUKOBAsI CBSI3b, TEXHOJOTHYCCKUN DKCITC-
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Nanosatellite GRESAT. General Description, D. Bindel (ZARM), M.Yu.
Ovchinnikov (KIAM), A.S. Selivanov (RNII KP), S. Theil (DLR), O.E. Khro-
mov (RNII KP), Preprint of KIAM RAS, Moscow, 35 Pages, 15 Figures,
5 Tables, 18 References.

General description of the being under development Russian-German nano-
satellite GRESAT, aims and problems of the international project to be solved are
given. Satellite subsystems are briefly described. Layout of Russian and German
segments link is presented.
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BBenenue

ManorabapuTHbl€ CIIyTHUKH YK€ MPOYHO BOIUIA B MPAKTHKY KOCMHYECKUX
AKCIIEPUMEHTOB U HcciaenoBaHuil. OQHO U3 HANpaBJ€HUH, I1€ OHU YBEPEHHO Jie-
MOHCTPUPYIOT CBOM IPEUMYIIECTBA, 3TO TEXHOJIOTUYECKUE SKCIIEPUMEHTHI 10 TEC-
TUPOBAHUIO MUHHUATIOPHOM 3JIEMEHTHOM 0a3bl U OTpabOTKE HOBBIX TEXHOJIOTHYE-
CKUX peleHui. J[pyroe HampaBlieHHE — MCHOJIb30BAHHE MaJOTa0apUTHBIX CIYT-
HUKOB B 00pa3oBaTeabHOM Iporiecce. Bece 3To 00ycCioBI€HO OTHOCUTENBHO HEBBI-
COKOM CTOMMOCTBIO MUCCUH U KOPOTKUM BPEMEHHHIM IIUKIIOM LIETIOYKH UJIed — pe-
3YyJBTAThI JIETHBIX UCIIBITAHUM.

B pabote paccmaTpuBaeTCsi MEXKAYHAPOJHBIN MPOEKT SKCIEPUMEHTAIBHOTO
HAHOCITyTHHUKA 0] ycloBHBIM Ha3BaHueM GRESAT. ®I'VII Poccuiickuit HayuHO-
UCCJIEI0BATENBCKUIT MHCTUTYT KOCMHMYECKOro mpuodopoctpoenus, Llentp npu-
KJIAJTHBIX KOCMHUYECKUX TEXHOJIOTHSI U MUKPOTIPaBUTALIMM BpeMEeHCKOro yHUBEpCH-
teta - Zentrum fiir angewandte Raumfahrttechnologie und Mikrogravitation, 1u-
CTUTYT npukiagHoil marematuku uM.M.B.Kenapiia PAH 1 MockoBckuii puzuko-
TEXHUYECKUN MHCTUTYT (FOCYJApCTBEHHBIN YHHMBEpcHUTeT) noanucanu Cornaiie-
HHE O HAMEPEHUHU pa3padoTaTh, CO3/1aTh U 3amycTuTh HaHOCTyTHUK GRESAT [1].
['onmoBHbie ucnonnutenu npoekra — PHUU KII u ZARM. Opranuzanuu — y4dact-
HUKHU TPOEKTa 00J1aJlal0T Pa3HOCTOPOHHUM OIBITOM B MPEAMETHOHN o0nacTtu pas-
pabarbiBaeMoro npoekra. OCHOBOH Uisl €ro CO3/laHusl, B YaCTHOCTH, SIBUJICS yC-
nemHbii onbiT PHUM KII B pa3pabotke, coznanuu u 3amycke B 2005 roay mepBo-
ro oteuectBeHHoro HanocmyTHuka THC-0 Nel (puc.l) u nmpruoOpeTeHHBI ONBIT B
pa3paboTKe MEPCIEKTUBHBIX almnapaTroB 3TOro kiacca [2-4]; onbir ZARM B paspa-
0oTKke U 3amycke MukpocmyTHuka BremSat [5] B 1994r. (puc.2), ydyacTuu B Halluo-
HanbHBIX (ABRIXAS, 1999r.), eBponeiickux (HYPER, 2020r.) u amepukaHcKux
(STEP) mpoekrax Manbix anmnapato; onbIT MIIM B aHanu3e TUHAMHUKHU M pa3pa-
OOTKE MPUHLHUIIOB OPUEHTALUU [6] U CUCTEM MX PEAM3YIOMIMX ISl HAHOCITYTHU-
koB (THC-0 Nel — 2005r. [7], Munin — 2000r. [8], REFLECTOR — 2001r. [9]);
onblIT MOTU B moAroToBke BhICOKOKBaIU(UUMPOBAHHBIX KAApPOB JJIsi BBICOKO-
TEXHOJIOTUYHBIX OTpaciel Hayku U TexHuku [ 10].

GRESAT npencrapnser co00il HAHOCITYTHUK C JBYMSI CUCTEMaMH YIIpaBiie-
HUSl OpUEHTaluel, AByMsa OOPTOBBIMH KOMIIBIOTEpAMH U JBYMsI OOPTOBBIMU CpeJl-
CTBaMH CBSI3U C Ha3eMHbIM L{eHTpoM yrpaBieHus nojieToM. B mepcnekTrBe MoKeT
OBITh paCCMOTPEHA BO3MOXKHOCTh YCTAHOBKM HAa HEM MHHHUATIOPHOM CHUCTEMBI pe-
TMCTPALAX 3apsKEHHBIX YAaCTUL — MacC-aHAJIN3aTop JAJI UCCIEA0BAHUS HOHOB.

OcHOBHas LIEJb IPOEKTA - MOJYYNUTh HOBBIE 3HAHUSI, HAKONUTh MPAKTUYECKUI
OMBIT B pa3pabdOTKEe M CO3AAaHUM MaNorabapUTHBIX CIIyTHUKOB C MCIOJIb30BAHUEM
COBPEMEHHBIX CPEACTB MHUHMaTIOpu3auuu, Bkiatodas COTS-koMNoOHEHTHI, BEpH-
(buuMpoBaTh HOBbIE TEXHOJOTUU U MHXKEHEPHBIE PEIICHUS], CO3/1aTh CUCTEMY Me-
HE/DKMEHTA ISl YIPaBJICHUSI MEXIYHAPOJHBIM MPOEKTOM. [l HOCTUXKEHUs mo-
CTaBJICHHBIX LIEJIEH PELIAIOTCA CIEAYIOIIME 3a0aui. Bo BpeMs JIETHBIX UCIIBITAHUIN
MPOBOJUTCS CPABHUTENbHBIA aHATU3 ABYX OTJIMYAIOLIMXCS APYT OT JIpyra CUCTEM
YIPABJICHHS YTJIOBBIM JBHKEHHUEM U JIBYX CUCTEM IJIOOAIBHON CIIyTHUKOBOW CBSI-
3U C MOCJIEAYIOIUM AHAIU30M IOJYYEHHBIX 3KCHEPHUMEHTAIBHBIX PE3YJIHTATOB.
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BrimonHsroTCs n3MepeHus GU3NYECKUX MapamMeTpoB OKpyskaroriei cpenbl. OTpa-
OaThIBaeTCS CXeMa B3aUMOJCHCTBUS ABYX OOPTOBBIX KOMITBIOTEPOB — POCCHICKOTO
¥ TepMaHcKoro. [Ipu Ha3eMHON MPeAnoNeTHON OTPAOOTKE MTPOBOSATCS UCTIHITAHUS
C MCTOJIb30BaHUEM JTabopaTopHOTO 00opyAoBaHus, paspadoTanHoro B UIIM [11]
u ZARM [12]. Pe3ynpTarhl UCNBITAHUN 3JIEMEHTOB, BXOJAIIMX B COCTaB KaKIOU
CUCTEMBI, OYIyT CIOCOOCTBOBATh WX JalbHEHIIEMY HCIOJIb30BAaHUIO B COCTaBE
JIpYrux pa3pabaTbIBa€MbIX HAHOCITYTHHUKOB. Ba)XHBIM pe3ylbTaToM sBJSETCA
dbopmupyemasi KOMaH1a MOJIOABIX Pa3pabOTUMKOB MPOEKTA.
PaccmoTpum 6a30Bbiii coctaB HaHOcyTHUKA GRESAT.

L

(L

F

Puc.1. Buemnuit Bun HanocmytHuka THC-0 Puc.2. Mukpocnyrauk BremSat Ha MoHTax-
Nel HOM CTarnesne

1. CoctaB GRESAT

GRESAT co3naercs na 6a3e nanocnytHuka THC-0 Nel [3], dyHKIIHOHATB-
Has OJIOK-cXeMa KOTOporo mnpuBeneHa Ha puc.3. Ero 0opToBoOM KOMIIbIOTEp HC-
noJsib3yet onHounnoBbid KoHTposuiep C8051F022 (Silicon Laboratories Company)
U BCTPOCHHYIO (udII-naMATh. MICTOYHMK NMUTaHUS — JTUTUEBO-UOHHAs Oartapes
(2x18 B). Cucrema TepmoperynupoBaHusi - naccuBHas. CucteMa OpUEHTALUA —
naccMBHAsi MarHuTHas. /{711 cBsI3UM ¢ HA3eMHBIM KOMIUIEKCOM YIPABICHUS UCTIOJIb-
3yeTcsi cucreMa rinobanbHoi cmyTHUKOBOM cBsizu GLOBALSTAR. OpOura cryT-
HHUKa MOCJIE OTACNCHUS OT MeXIyHapoaHOW KOCMHUYECKOW CTaHUMM 28 mapra
2005 roma ObuTa MOYTH KPYTOBOM C BBICOTOM mepurest 350 KM U BBICOTOM arores
359, naknonenueM 51.6° u nepuogom obpaienus 91.6 MunyT. MexxayHapoJHbIN
peructpanronHbii HoMep ciytHuka - 2005-007C; ero ums - Tekhnologiya-42
(TEKh-42).
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- ammapatypa cayTHukoBoil cBsizu ORBCOMM (Mozem u aHTeHHO-(pHIEpHOE
YCTPOMCTBO),

- MarHuTHas CHCTEMa OpPUEHTAIMW (TOKOBBIE KAaTYIIKH, MAarHUTOMETp, AATYUKH
ConHuia, TaTYUK TOPU3OHTA),

- KOHHEKTOPHI (pelie).

O6mas GpyHKIIMOHANIbHASI CXeMa CITyTHUKA MpUBeacHa Ha puc.4. Tak kak OyayT
rcnoJib3oBankl JBa komiiekta bBBM, MCO u ACC, To nipuBeaeM OTAEIbHOE OIH-
CaHHE KaXJO0ro CEerMeHTa — POCCHICKOro M repMaHckoro. Poccuilckuii cermMeHT
umeeT craryc Master, repMaHCKHii cerMeHT uMeeT cratyc Slave.

2. CocTaB pOCCHIICKOT0 cerMeHTa
2.1. BoproBoii komnbioTep (ROC)

B cocraBe cnytnuka GRESAT 6GoptoBas BerunciurensHas mamuHa PHUN
KII (ROC) siBisieTcss OCHOBHBIM BBIUHCIUTENEM IIATHOPMBI. bopTOBasi BEIYMCITH-
tenbHas MammHa ZARM (ZOC) sBisieTcst 1ONOTHUTEIBHBIM BhIYUCIUTEEeM. Ha
CIyTHUKE OyJIeT peau30BaHa oodyepeaHasi cxeMa paboTsl 000X KOMIIBIOTEPOB U
JBYX CHUCTeM OopueHTanuu. byneTr peanns3oBaHa 3amuTa OT BBIXOJa U3 CTposi Oop-
TOBOro KommbtoTepa. [Ipu nepenaye ynpaBiaeHHUs] OT POCCHUICKOT0 K TepMaHCKOMY
cermeHTy ROC nepexoaut B pexum oxunanus. B stom pexume ROC He otnaer
HUKAKUX KOMaH/I, a TOJbKO MOJTY4aeT OT BTOPOTO BBIYUCIUTENS MAKEThI IAHHBIX C
uHpopMalment 0 QyHKIIMOHUPOBAHUU CUCTEM U C KOJIOM MOJATBEPKICHUS €ro KOp-
pekTHoro (yHKuHOHHpoBaHUS. B cmyudae otkaza ZOC mpoucxoguT mepexBat
YIPABJICHHUS] OCHOBHBIM OOPTOBBIM KoMMbloTepoM. [lakeT ¢ gaHHBIMH 00 OlIMOKe
MOKET OBbITh MEpeaH Ha Ha3eMHbIH KOMILJIEKC YIpaBJeHUs, Ilie 3Ta omuodKa 00-
pabateiBaeTcs. B manpHeiem peaan3yercs BO3MOXKHOCTh Mepe3arpy3Ku BBIIIE-
IIETO W3 CTPOS JOMOJHUTEIBHOTO KOMIBIOTEPA VISl OCYIIECTBICHHS €r0 TOBTOP-
HOTO 3amycka yepe3 paboTaronuii OCHOBHOM KOMIIBIOTED ITyTEM 3arpy3KH UCTIPaB-
JIEHHOTO IPOrPaMMHOT0 0OecreueHusl.

[Tnanupyercs, uto ROC Oynmer peanu3oBaH Ha 0a3e mpolieccopa cepuu
TMS320VCS ¢upmer Texas Instruments. Ympasnenue OyneT OCYIIECTBISATHCS
OTIepaIlMOHHON CHCTeMOW Ha OCHOBe sijpa peanbHOoro BpemeHu DSP BIOS/API.
Brixon B IHTEpHET MOMKEH OCYHIECTBIISATHCS YEPE3 CUCTEMY CITYyTHHUKOBOM CBSI3U
GLOBALSTAR. Ha 6opTy ycTaHaBIMBaIOTCSI aHAJIOTOBBIE U IU(PPOBBIC TeMIiepa-
TypHBIE TeJIEMETPUYECKUE NaTuuKh. VIcXoa U3 mpenmnoiaraeMpix 3a/1ad, KOTOpbie
Oyner pematk Bech HaHOCTYTHUK, ROC f0/KeH y/ioBIeTBOPATH CASTYIOUIUM MHU-
HUMAaJILHBIM TPEOOBAHUSIM:

e nporueccop TMS320VC5416 pupmer Texas Instruments ¢ mpou3BoaUTENBEHO-
cThio He MeHee 100 MIPS;

o O3V nmannbixX - 64x*16; O3V nporpamm - 64k*16 (maHHBIE/TPOTPAMMBI 3arpy-
xarTcs B O3Y Ha MOMEHT UCIIOTHEHUSA);

o [I3VY mporpamm 512k*8;



e HsHeproueszaBucumoe 3Y gaHHBIX/porpamm (aHasior HDD) ¢ daiioBoii cTpyk-
Typoil He MeHee 512M*8;
® TporpaMMHOE 0OeCIICUCHHE:
- onepanuonHas cuctema BIOS/API mns mmardopmer TMS320 dupmer Texas
Instruments;
- cpeacrBa paspabotku Code Composer Studio i mutatdopmbl
TMS320VC5XXX dupmer Texas Instruments (kommumsitop C, accemOiep);
- WCXOAHBIA KOJ TPHUKIATHBIX MPOTPaMM, MEPEHOCHMBIX Ha IIaThopMy
TMS320VC5XXX, nomxken ObITh HanucaH ¢ yuetoMm TpeboBanuit ANSI C.
Buemnuii Bug ROC B kopiyce nokasas Ha puc.4.

Puc. 5. boprosoii komneiotep ROC B KOpITyCe

2.2. Annaparypa cinytHukoBoii cBsisu GLOBALSTAR

ArmnmapaTypa CIyTHUKOBOW CBSI3U COCTOUT w3 Mojema u ADY (puc.6). Ona
OCYILECTBIISIET CBSI3b HAHOCIIYTHUKA C HA3€MHBIM KOMILIEKCOM YINPABJICHUS, MIPHU-
€M KOMaHJ yrpasJieHus anmnaparoM u nepenada B HKY nmakeToB maHHbIX 0 ero co-
CTOSIHMHU. B mpornecce NeTHBIX UCIIBITAHUM TUIAHUPYETCS PEATM30BATh JBA PEKUMA
pabotbl ACC - aCHHXPOHHBIN U MaKETHBIA pEeXUMBbI Tiepeiayu JaHHbIX. [[akeTHbI
PEXHUM IO CBOMM XapaKTEPUCTUKAM OOJiee MPEANOYTUTENCH, YEM AaCUHXPOHHBIM.
B cityyae monoKUTENBHBIX PE3YJNbTATOB MCIIOIB30BAaHUS MMAKETHOIO PEXMMA ILUIA-
HUPYETCS €ro UCIOJIb30BAHNUE B IITATHOM BAPUAHTE.

Glopatyts'

Puc. 6. Anmaparypa ciyraukoBoii cBsizu GLOBALSTAR (mMonem 1 aHTeHHA)



2.3. Cucrema JHepPronuTaAHUA

Ha GopTy HaHOCITyTHHKA MJIAHUPYETCSI YCTAHOBUTH CUCTEMY YHEPTOMUTAHUS,
COCTOSIIYIO U3 JIUTUH-UOHHON aKKyMYJISITOpHOUM Oatapeu (puc.7), COITHEUHBIX Oa-
Tapei (puc.8) u ycTpoilcTBa pacmpeaeieHus: 3Heprud. llepezapspkaeMblil TUTHIA-
WOHHBIA aKKyMYJIATOP TIO3BOJIUT YBEIUYHUTh CPOK AKTUBHOTO CYIIECTBOBAHUS
CIIyTHHKA, COJIHEUHBIC OaTtapen oOecreyar 3apsj] akKyMyssaTopa. Y CTpOMCTBO pac-
IIpeIeSICHUs] SHEPTUU BKIIOYAET B ce0sl KOHTPOJUIEP 3apsiia akKyMyJIsITopa, He Mo-
3BOJISIIOIIANA aKKyMYJISITOPY Pa3psSInAThCS HIDKE MMOPOTOBOTO HampspkeHws. B mpo-
1ecce 3apsaa KOHTPOJIUPYIOTCS HANPSKEHUE U TOK 3aps]a, TEMIIEpaTypa akKymy-
JsTOpa, IPyTrUe napameTphl.

Puc.7. JInTuii-noHHBINA aKKyMYJISTOP Puc.8. IInactuna connevnbix O6atapeit
2.4. Hecymmii kapkac CIyTHUKA

Konctpykius GRESAT co3naercst Ha ocHOBe HaubOoJiee yJauyHbIX PaHHUX
pa3paboOTOK M C Yy4eTOM COBPEMEHHBIX TexHojorui. KoHcTpykius ammapata
J0JKHA O0OECMEYUTh €ro Ha/JeKHOE aBTOHOMHOE (DYHKIIMOHHPOBAaHUE B TEUEHHUE
BCETO CPOKA CIIYy>KObI B YCIOBHUSIX HEMPEPBHIBHOTO MpPeObIBaHUS B CHEUU(DUUECKUX
YCIIOBUSIX OTKPBITOro kocMoca. O0anast BBICOKOW (PYHKIIMOHAIBHON MJIOTHOCTHIO,
GRESAT nomxeH uMmeTh Manblii 00beM U Maccy. Hecymmit kapkac (puc.9) mon-
KEH YJOBJIETBOPATH CIIEIYIOIIUM TPEOOBaHUSM:

- MMETh MUHHMAJIbHO BO3MOXHYIO MacCy MpH 3alaHHbIX HA/IEKHOCTH U HEP-
reTUYECKUX IMOKA3aTENIX;

- (opma 10oKHA OBITH ONTUMAIBHOM MO YCIOBUAM (PYHKIIMOHUPOBAHUS;

- omnTUMaJIbHOE ucMoyib3oBaHue mpoctpancTBa GRESAT c nenpio obecneue-
HUS HEOOXOJMMBIX YCJIOBHI TEpMOpPETyJIMpPOBaHHUA, yIOOHOTO JOCTyIa K
y3JaM U 0JI0KaM U BO3MO>KHOCTH 3aMEHbI OJIOKOB MEpE] CTAPTOM;

- CIOCOOHOCTH BBIIEPKUBATH 33/IaHHBIE MEXAHUYECKUE BO3IACHCTBUS;

- CIOCOOHOCTH BBIICPKMBATH PE3KUE KOJICOAHUSI TEMIIepaTyphbl B YCIOBHSIX
oTKphITOro kocmoca (-50 ... +60 °C);

- MMETb YCTOWYMBOCTH K JE€CTAOMIU3UPYIOIIUM (pakTOpam;

- 00sagaTh 3JIEKTPOMAarHUTHOW F€PMETUUYHOCTBIO;

- OBITh TEXHOJIOTMYHBIM M IPOCTHIM B U3TOTOBJICHUH U UMETh MUHUMAJIbHYIO
CTOMMOCTb.



Puc.9. Hecymuii kapkac
Kapkac uzroraBinmBaeTcs u3 COTOBOM aTlOMUHUEBOW MMAHEH.
2.5. CucremMa opHeHTANIMH CIIYTHUKA

K cucreme opueHTanuu CriyTHHUKa HE MPEAbIBISIOTCS JKECTKUX TpeOOBaHUM
10 00ECTIEUEHHIO €Tr0 YIJIOBOTO JABMXEHUS. byyT anpoOupoBaHbl pa3inyHbie Kak
M0 peXKuMaM, Tak U Mo Crocodam peaau3aiuy alropuTMbl OpUEHTAIUH.

[InaHupyeTcs: UCMOIb30BaTh TPEXOCHBIH MAarHUTOMETP, COJTHEUHBIE JaTYUKH,
TPU B3aUMHO MEPIECHINKYISIPHbIE TOKOBBIE KATYIIKH, CUCTEMY OIPEJIEICHUS TO-
JIO’KEHHUSI IEHTpa Macc CIyTHHUKA Ha opOuTe. BHavane cnyTHUK Oyner ctabuinu3u-
POBATHCS MO BEKTOPY MHIYKIIMM T'€OMarHUTHOTO MOJsi. ITO OyAeT peaanu3oBaHo B
nBa stana. C HUCMOMBb30BAHUEM TPaAUIMOHHOTO anroputma B-dot BeImomHsETCS
YCIIOKOCHHME HAYaJIbHOTO BO3MYIIIEHHOIO JBUKEHUS, BEI3BAHHOTO MOTPEUIHOCTIMHU
MPU OTJEJEHUU. 3aTeM C UCIOJIb30BAHUE TPEX KATYIIEK JJIsl CO3/IaHUsI BOCCTaHAB-
JUBAIONIETO U JEeMI(PUPYIONIUX MOMEHTOB, CIIyTHUK MPUBOAUTCS K OPUEHTALIUU
MPOJIOJIBLHON OCBHIO BAOJIb BEKTOPA HANPSKEHHOCTA F€OMAarHUTHOTO MO, YIpaB-
neHus GopMHUPYETCsl Ha OCHOBE BTOporo Meroza JlsmyHnosa. JIOCTUTHYTHIN peKUM
CUMTAETCS LUITATHBIM.

OcHaIleHHbI TaKUM 00pa30M CIyTHUK TaK)Ke MPEAINosaraeTcs CTaOuiIn3u-
pOBaTh B HMHEPIUAIHLHOM TMPOCTPAHCTBE COOCTBEHHBIM BpaiieHueM. OTaenbHO
CTOUT TIpo0JIeMa BHIOOpA 3aIaHHOTO HAIMPAaBJICHUS B MHEPIIMOHHOM MIPOCTPAHCTBE
JUISl OCU BpAIlIEHUs CITyTHUKA. CaMbIM MPUBJICKATEIbHBIM SIBISIETCS PEKUM OPHEH-
TalM¥ OCH BPAIICHUS 110 HOPMAJIK K TIJIOCKOCTU OPOUTHI. DTOT PEXHUM HE TpeOyeT
3aTpar SHEPruu i TOJJICP’KaHUS 3aJaHHOTO HAMpaBJICHUS OCH BpalllCHUSI.
VYepxaHue MOJOXKEHUST 3TOM OCH OyJeT OCYIIECTBIATHCS 3a CUeT KOMOWHAIUU
IPaBUTALIMOHHOTO MOMEHTA U MOMEHTA IIEHTPOOEIKHBIX CHJI UHEPIIUH.

Ecnu sHepreTukn okaxeTcs JOCTATOYHO, TO IJIAHUPYETCS MPOBECTH DKCIIe-
PUMEHTBI C OpUEHTAIlMeld OCH BpallleHUs B APYTUX HANpPABICHUAX - OPUEHTHPO-
BaTh 3Ty och Ha ConHue win Ha cnyTHUK cucteMbl GLOBALSTAR. Ilocne npo-
BEJICHUS DKCIIEPUMEHTOB C TAKOW OpPUEHTALMEN OCH BpPAILIEHUS! HUYTO HE MENIAeT
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NEepelTH K YIOMSHYTOH paHee OpHUEHTAIMW TI0 HOPMAald K IUIOCKOCTH OPOUTHI,
4yTOOBI HE TPATUTh IHEPTUIO OaTapeil.

OnHO M3 BaXHBIX JOCTOMHCTB BBIOOpA CHCTEMBI OPHEHTAIIMUA COOCTBEHHBIM
BpaIlleHUEM 3TO TO, UTO B pe3ysbTaTe 3KCIepuMeHTOB co cimyTHukomM GRESat Oy-
IyT MPOBEPEHBI AJITOPUTMBI ISl OpreHTanuu HaHocmyTHuka THC-1.

Kak onmmoHHBIN paccMaTprBaeTCsl BApUaHT 00ECIICUCHHsT TPEXOCHON OpUCH-
TalliW C WCTOJh30BAaHHEM TOKOBBIX KATYIIEK OTHOCHUTEIHLHO OPOUTAIBHOM cHCTe-
MBI KOOpAHHAT.

2.6. CocTaB 1 MacCOBbI€ XaPAKTEPUCTHKH POCCHIICKOT0 CErMeHTa

Poccuiickuii cerMEHT BKJIIOYAET B C€0sl KOMIIOHEHTHI, MPUBEJACHHBIE BMECTE
C UX MaCCOBBIMU XapakTepuctukamu B Taoi. 1.

Kommonenra Mmacca, T
HECYIINI KapKac 1994
6optoBas BeruncautenbHas Mamnna I'YIT PHUU KII (ROC) 120

cHCTeMa SHEProNuTaHus (aKKyMyJIITOpHas OaTtapesi, ycTpoicTBo pacnpene- | 530
JIEHHS DJICKTPOIHEPTUH, COJTHEUHBIE OaTapen)

anmaparypa cinyTHukoBoii csizu GLOBALSTAR (mMonem 1 aHTeHHO- 347
bugepHoe yCcTpoiicTBO)
UTOro 2991

Ta6n.1. MaccoBble XapakTepUCTUKHU KOMIIOHEHT pOCCUICKOro cerMeHTa ciyTHuka GRESAT

3. CocTaB repMaHCKOr0 CerMeHTa

['epMaHCKHI1 CETMEHT BKIIIOYAET SJIEMEHTHI MATHUTHOW CUCTEMbI OPUEHTALINU
(MarHuTOMETp M TPU TOKOBBIE KaTyIIKH), O0pToBOM KommbioTep (ZOC), Mmoaem
ORBCOMM u A®YVY. Poccuiickuii CETMEHT UMEET JOCTYN K U3MEPHUTEIbHBIM H
HCTIOJIHUTEIBHBIM OpraHaM T'€PMaHCKOM YaCTH MarHUTHOW CUCTEMbl OPHUEHTAIIMH,
a TaK)Ke IMoJaeT KOMaHIbl Ha BKJIIoUueHre U BuIKiIroueHne ZOC.

3.1. O630p cocTaBa repMaHCKOI0 CerMeHTa

KommnekroBanue crmyTHuka ABymsi OopToBbiMU KommbioTepamu (ROC u
7Z0C) no3BoisieT mapTepaM MPOBECTH HE3aBUCHUMO TECTUPOBAHHE COOCTBEHHBIX
QITOPUTMOB B YCIIOBUAX KOcMoca. KOMIbIOTEpHI COEIMHEHBI Yepe3 KOMMYHHUKA-
IMOHHBIA UHTEep(]eiic 1 MOTyT 0OOMEHMBATHCSI KOMaHAaMU U TaHHBbIMU. [TocKoIbKyY
Ha CITyTHUKE YCTaHABIMBAETCS JIBE€ HE3aBHUCHMble KOMMYHHUKAIIMOHHBIE CHUCTEMBI,
TO KOMITBIOTEPHl MOTYT OOMEHMBATHCS U JAHHBIMHU, MOJTYyYa€MbIMU U TEpe/iaBae-
MBIMU Ha Ha3€MHbIH CETMEHT, HallpUMEp, B ClIy4ae HEHUCIIPABHOCTU OAHOTO U3 Ka-
HaJIOB CBSI3H.

HIcTOYHMKOM MUTaHUS CIy’KaT aKKyMyJsITOpHas u coiHeuHast Oatapen. ROC
YIPABIISIET PACX0JIOM 3HEPTUU JJI BCEX FEPMAHCKUX KOMITOHEHT.
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MarnutoMetp paboTaeT MOCTOSTHHO M 00ECIEUMBAET TAHHBIMU 002 KOMIIbIO-
Tepa OJHOBPEMEHHO. TOKOBBIE KATYIIKH MOTYT OBITh HMCIOJB30BaHBI 00OMMHU
KoMmmnbioTepamu. CrielruaibHbIi NEepeKIIIoYaTeNlb ONPEIeNIeT KAKOW KOMIIBIOTED B
TEKyIllee BPEMs YIIPaBIseT KaTyIIKAMH.

3.2. MaccoBble XapaKTePUCTUKH CerMeHTa

Cocrasn ICPpMaHCKOT'O CEIMCHTA C MACCOBBIMH XaPAKTCPUCTHUKAMH IIPUBCACH B

Tabmn.2.

Kommnonenra TUIIOBAsi Macca, | MaKCHUMaJbHas
r macca, T

OoproBas BerunciuTenbHas mammHa ZARM (ZOC) 130 200

JATYNKUA (MAarHUTOMETP, TEPMOJATIHKH ) 75 110

ORBCOMM (monem, ADY) 200 240

TOKOBBIE KaTYIIKH 70 90

Bcnomorarenbaoe 000pynoBaHue (pa3BeTBUTEIb, 60 200

xryT)

UTOroO 535 760

Tabn.2. MaccoBble XapaKTepUCTUKHA KOMIIOHEHT TepMaHCcKoro cermenTa cnyTHuka GRESAT

3.3. boproBoii komnbloTep ZOC

ZOC pa3paboran u u3rotosiieH B ZARM'e (Fig.10). OH ucmosib3yeT MHKpPO-
kouTposuiep Atmel AVR ATMegal28 B kadecTBe OCHOBHOIO MpoOIieccopa, KOTO-
pBIii paboTaeT ¢ 3aJar0IMM KBaplIeBbIM reHepaTopoMm ¢ dactoToit 3.6864 Mrrii.
MukpokonTposuiep umeet nBa uarepdeiica Tuma USART. Onun U3 HUX mojcoe-
JTuHEH yepe3 pazbeM RS232, npyroif — MyJIbTUIIIIEKCHBIN U COEAMHEH K IBYM JIPY-
ruM pazbeMaMm RS232 u k pazpeMmy RS422. Pazwembl RS232 ucnonb3yrores mms
coenunenus ¢ ROC u ORBCOMM, tpetuit ucnosib3yercss TOIbKO JJIsi TECTOB.
Pazbem RS422 coenunen ¢ marautoMeTpoM. MIMeroTcs 1Ba KOHBEpTEpa aHAIOTO-
Boro curnana B mudposoii (ADC). BHyTpeHHHI KOHBEpPTEp — BOCbMUKaHAIbHBIN,
10-tu OuTOBBIN - UMeeT 8 mepexiouarenieid. Tem cambiM, BOBMOXKHO TMOJIKIIFOYE-
HUE 70 15 BHENIHUX JATYMKOB K KOHBEPTEPY JUIS MPOBEIACHUS U3MEPCHUN (OIHMH
yK€ 3ape3epBUPOBaH ISl MPOBEACHUS TEMIEPATYpPHBIX H3MepeHuil). BHenmHui
KOHBEPTEP MMEET TOXE BOCEMb KaHaioB, 12-TW OWUTOBBIA C MOJCOEIUHEHHBIM
BOCBMHKaHAIBHBIM MYJIBTUILIICKCOPOM. TakuM 00pa3omM, BO3MOXKHO IOIKITIOUCHUE
15 BHENTHUX MCTOYHMKOB CUTHAJIA. YEThIpe U3 HUX YKE HCIIOIB3YIOTCS ISl TEKY-
X U3MepeHnid. Takke B COCTaB KOMIBIOTEPA BXOJAT Yachl PEAIbHOTO BPEMEHU
C BHEIIHUM HCTOYHUKOM MUTAHUS, KOTOPHIE COCTUHEHBI ¢ MUKPOKOHTPOJIIIEPOM
4yepe3 IBYXMPOBOAHON TociienoBaTenbHbid nHTEpdeiic (TWI). MukpokoHTposiep
TeHepUPYeT TPU CUTHAJIA C UMITYJIbCHO-IITUPOTHON MOJYJISIIIUEH NI TOKOBBIX Ka-
TYIIEK C Tepeaadeit uepes Tpu cuiioBbix Tpanzucropa (MOSFET). Umeercs Takxke
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1o KpaiiHel Mepe NBYyXKaHaJIbHbIM 12-Th OMTOBBIN KOHBEpTEp LHU(PPOBOTO B aHa-
JIOTOBBIN CUTHAJ, HO €T0 MPUMEHEHHE MTOKa HAXOAUTCA B CTAIUH 00CYKICHUS.

Fig.10. ZOC- 6oproBoii komnbelotep ZARM’a

XapakTepucTUKH MUKPOKOHTPOJLJIEPA:

® HSKOHOMMYHBII BOCBMUOUTOBBIA MUKPOKOHTpoILIiep ¢ RISC-apxurexrypoii;

e 128-mu kmioOaiiTHas BCTPOCHHAS MepenporpaMMupyemast Gidii-rnaMsTh;

e 4-x xuinobaiiTHast BHyTpeHHss naMsaTh SRAM-naMaTh, ucnoib3yemMas ore-
pPallMOHHOM CUCTEMON — CaMOT€HEPHUPYIOUIEHCS ¢ OECKOHEYHBIM ITUKJIIOM,
Haxosmieics B oxuganud oT ROC komaHabl 3amycKka Ha BBITTOJHEHUE T10-
cienyromux 3agad. Bece HeoOXoauMble MPUIIOKEHUS JJIsl 9TUX 3a7ad Mpo-
rpammupyetcs B ANSI C. B kauectBe 6a3ucHoil OMOIMOTEKN HUCTIONB3YETCS
AVR Libc 1.6.4.

PaccmoTpum yHKITMOHATIEHOE HA3HAYCHUE MAarHUTHON CHCTEMBI OPUEHTAITHH.
3.4. MarHuTHasi CHCTeMAa OPUEHTAIMHU

Kak Obu10 cka3zaHO BbIIIE, OHOU U3 €€ MUCCHUU SIBISICTCS JIEMOHCTPAIIMS
(YHKIITMOHUPOBAHUS AKTUBHOW MArHUTHON CHUCTEMBI OPUEHTAIIMH, PeaTu3yIolieit
pa3IMYHbIe PEKUMBI JIBUKEHHUS CIIyTHUKAa OTHOCHUTENBHO IIEHTpa Macc. Pabora
repmanckoro cermenta MCO Bkitouaer cieayromue (asbl:

e THUIIMATN3AIIHS,

e CTAaOMIM3aIS,

®HAOJIIOJICHHE,

®SKCIIEPUMEHTHI C PA3IMYHBIMU aJITOPUTMAMU OPUEHTAIUHU (OTIIIUOHHO).

[To o6mieit cxeMe (yHKIIMOHUPOBaHUSI poccuiickuii 6opToBoit kommboTep (ROC)
SBJIICTCSI IICHTPAJIbHBIM BBIYHCIUTEIBHBIM YCTPONUCTBOM M YIIpaBIsieT pabOTOi
repMaHckoro 6oproBoro kommbiorepa (ZOC). D10 BKIHOYaeT B ce0s KOHTPOJIb BO
BpeMms BoimoiaHeHUs1 ZOC paznnusabix (a3. ROC MokeT BKIIIOYATh M BHIKIIOYATH
Z0C, a TaxKe HaMpaBJIsATh YIPABISIIONIME KOMAH/IBI JJIsl aKTUBU3AINH JPYTHX pe-
KUMOB PabOThI CUCTEMBI.
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®aza nHnnuanu3anuu Tpedyercs nocie BkmodeHus ZOC. OaHoi U3 OCHOB-
HBIX 3a7a4 B ATOH (ha3e sBISIETCS MpoBepKa pabOTOCTIOCOOHOCTH TOJICUCTEM TIY-
TE€M KOHTPOJIS TEMIIEPATypbl, HANPSHKEHNUA U TOKa. MarHUTOMETp U MOJIEM TECTH-
pYIOTCS, aHANMM3UPYS TOCIEI0BATENbHBIN KO WM OOMEH KOHTPOJBHBIMU COO0-
nmeHusamMu. B daze mHunmanmmzanun MoxeT ObITh Mcnosib3oBaH Metos FDIR [15]
JUTSL pealiu3alii allbTepHATUBHOTO Habopa (yHKIHMOHAIBHBIX BO3MOXHOCTEH, ec-
JM HEUCTIPAaBHBI MOJCUCTEMbl. BakHBIM pe3ylbTaTOM SBISETCS CHOCOOHOCTD
CIyTHUKA MOJAEPKUBATh CBSA3b C HA3€MHBIM ITYHKTOM YIPABJIEHUS C UCIOJIb30BA-
HUEM JIBYX UMEIOIIUXCS HA OOPTY MOJIEMOB Pa3IMYHBIX KOMMYHHUKAIIMOHHBIX CHC-
TeM. Pe3ynbrarom BblNoHEHMS (ha3bl MHULMAIA3AIUN OYJIE€T COCTOSIHHE He3aHsl-
toctu st ZOC s mpuema caenyromux koMana ot ROC.

@Daza cmadbunuzayuu SBISAETCA HaAMOOJEe BaXKHBIM ATArloM (YyHKIIMOHUPOBA-
Husg MCO. 3nech MPOUCXOINUT AKTHBHOE TAIIEHUE HAYaJbHBIX YIJIOBBIX BO3MY-
HICHHBIX JBM)KCHUW CIYTHHUKA. 3a/Ja4d, KOTOPbIE MOJJIEKAT PEIICHUIO HA 3TOM
JTaIle, BKIIOYAIOT IIEPBUYHOE OINPEAEIEHUE TEKYIIETO YIIOBOIO JIBUXEHUS CITYT-
HUKA U 3aTeM JeMI(UpPOBAHUE HAYATIBHOTO BpallleHua. MarHuTHOE 1MoJie u3Mepsi-
€TCsl C BBICOKOM YaCTOTOM JIJIsl TOTO, YTOOBI MPOBECTU aKKYyPaTHOE MOJIEIIMPOBAHUE
B Ha3€MHBIX YCIIOBHSIX HayajbHbIX YCIOBHH JIBH>KEHUsI cyTHHKA. [Ipeamnoinarae-
Mas MUHUMAaJbHas 4acToTa cheMa JaHHbIX cocTtaBiseT 10 I'm, koTopas MoOKer
OBITh JINMUTHUPOBAaHA PabOYMMM BO3MOXKHOCTSMU MarHuToMeTpa. JlJINTenbHOCTh
CeCCHM U3MEPEHMs BHIOMpAETCs, 0 KpallHEl Mepe, He MEHEE ABYX MHHYT, YTOOBI
“ynoBUTBE” Haxke MeIJIeHHbIE BpalleHus. Cle1yeT 3aMETUTh, YTO JIBUKEHHE MOXKET
OBITh ONPEENICHO JIUIIb OTHOCUTENIBHO BEKTOPA MECTHOM MHAYKIIMHM T'€OMarHuT-
HOro noJisd. PeasibHOE IBM)KEHHE OTHOCHUTEIIBHO WHEPLUAIBHOTO MPOCTPAHCTBA
TpeOyeT MCIONb30BaAHUSA JIPYTUX JAATYMKOB OPUEHTALMU UM METOJ0B 00pabOTKU
M3MEpPECHUM.

[locne ghaser nepeuunozo onpedenenus y2n08020 08uMCeHUsi CIIyTHUK BBINOJ-
HSIET MaHEBp YCIIOKOEHMS C MCIOJb30BaHHMEM TOKOBBIX KaTyullek. B 3aBucumoctu
OT CKOPOCTH HAa4aJIbHOTO BPAILIEHHS STOT MAHEBP MOKET 3aHATh HECKOJIBKO 4acCOB.
JlanpHeliee MOIETMPOBAHUE JIBUKEHUS IO3BOJIMT YCTAHOBUTH JTOCTOBEPHOCTH
IPENoIOKEHNH 00 yrioBOM JIBUKEHUU. JleMrdupoBaHue SIBISETCS CYIIECTBEH-
HOM (pa30¥ U TOHKHO OBITH BBHIIIOJTHEHO B aBTOHOMHOM pexuMe, ecin Yk ROC nan
komanay ZOC Ha ero BbIOJHEHHE U (a3a MEPBUYHOTO OMPEICIICHUS YIJIOBOTO
JIBUKEHMsI CITyTHHKa 3aBepuieHa. Llenbio pexxnuma aemndupoBaHus SBISETCS CHH-
XPOHHU3ALMs YIJI0OBOTO JIBM)KEHHSI CIYTHHKA C JIBMOKEHHMEM MECTHOro BekTopa B
WHIYKIMU F€OMarHuTHOIO Mojis. Bo BpeMsi ABMKEHUS CITyTHUKA MO KEIMJIEPOBOM
opbute BOKpYr 3eMJIM BEKTOP MHAYKIHMH MEJIEHHO MOBOpPAYMBAETCS, COBepIIast
JBUKEHUE, OJIM3KOE NMEPUOJUUECKOMY C YIABOECHHOW opOuTanbHOM yactoToi. Cko-
POCTb €r0 U3MEHEHHE B CBSI3AHHOM CO CITyTHUKOM CHCTEME KOOPJIWHAT ONPEIEIS-
€TCsl 4yepe3 JBa MOCJeN0BATEIbHBIX U3MEPEHUS OOPTOBOTO MarHMTOMETpa METO-
JIOM KOHEYHbIX paszHocrel. Mcnonbsizyercs B-dot anroputm ans dopmupoBanus
MarHUTHOTO JUIMOJIBHOTO MOMEHTA CIIyTHHUKA C MOMOIIbIO TOKOBBIX KaTYyILIEK JJIs
YCIIOKOEHHMSI CIyTHUKA OTHOCHUTEJIBHO BPAILIAIOUIETOCs BEKTOpa MHAYKIMH. [locie
BBITIOJTHEHHSI 3TOTO MaHEBpa CIIyTHUK B CBOEM YTJIOBOM JIBIKEHUHU OYIET OTCIie-
XKUBaTh BEKTOp B. JlocTUrHyTOE MENJIEHHOE BpallleHHe BMECTE ¢ BEKTOpoM B cro-
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cOOCTBYET NOBBIIICHUIO KayeCTBa CBSI3U C 3eMJIEM B OTIMYME OT OBICTPOIrO Ha-
YaJIbHOTO BPAILECHUS.

Da3za HabaoOeHus UCTIONb3YETCs NIl U3MEPEHUM BapHalluy Pa3IUYHbIX J1aH-
HBIX Tocie (a3el crabunm3amuu. B pamkax (aser HaOmomeHus OynmeT ucciaeno-
BAThCSl PEKUM MArHUTHON OPUEHTALIMM HA OTHOCUTEIBHO JJIUTEILHOM UHTEpBAJE
BpeMeHU. BHemrHue mnosis OyAyT MHIYLHPOBATH BO3MYIIAIOIIME MOMEHT U 0e3
YIpPaBJIEHUS CIYTHUK MOYKET BHOBb Ha4aTh BPAILlaThCSl.

JpyrumM UHTEPECHBIM OOBEKTOM HCCIEAOBAHUS SIBISIETCS TEMIIepaTypa BHYT-
pu Kopiyca cnyTHuUka. bnarogaps opOuTe c 3aTeHEHHBIMH 3eMJeil ydacTKaMu
CIYTHHUK OYJI€T HaXOJUTHCS KaK MO/ MPSMBIMU COJIHEYHBIMU JIy4aMH, TaK U B TEHU
IJIaHEThl. DTO OyJIEeT BIUATH HAa TEMIIEPATypHBIH PEKUM BHYTPHU CIIyTHUKA U €TO
OTJIEJIBbHBIX KOMIIOHEHT. MI3MepeHHs TeMIiepaTypbl B TEYEHUE HECKOJIBKUX BUTKOB
OyIyT UCTIOIB30BaHbI 1JIs1 BepU(PHUKAIIMN TEIIOBOM MOJEIN CITyTHUKA.

da3a PKCHEPUMEHTOB C MAarHUTHOM CHCTEMOM OPHUEHTALMM IPEIIOIAraeTCs
KAaK OILMOHHAS JJI1 MPOBEPKU AJIbTEPHATUBHBIX CIIOCOOOB MarHUTHOW OpUEHTa-
uuy. Hanpumep, MOXXKHO HMCHBITaTh BO3MOYKHOCTH IOBOPOTA CIYTHUKAa OTHOCH-
TeabpHO BekTopa B mHa 90°. [y sT0oro OyayT MCIOIB30BaHBI JPYTHE allOPUTMEL,
OTJIMYHBIE OT YHNOMSHYTOro BbIlle anroputma B-dot. Bo3moxkHOCTh peanuzanuun
TaKUX MAaHEBPOB OyJET 3aBUCETh 3TOT MMEIOLIUXCS YHEPTreTUUECKUX BO3MOXKHO-
CTEH CITyTHHKA MOCJIE BHIIOJHEHUS (pa3bl yCIIOKOEHUSI.

4. Bo3M0KHASI HAYYHASI 10JI€3HAS HATPY3Ka

HaHOCIyTHMKM NpPENOCTaBISAIOT 3aMaHYMBYK) BO3MOXHOCTH OIEPAaTUBHBIX
MOJIETHBIX MCHBITAHUM [l HAYYHOMW IOJIE3HOW Harpy3kd. JlOCTOMHCTBaMM TakHMX
anmnaparoB SIBJIIIOTCS UX HU3Kasi CTOMMOCTb HapsiAy ¢ KOPOTKUM BPEMEHEM IMKJIa
pa3pabOTKU M CO3/aHMs MOJIE3HOW Harpy3ku. HegocTaTkom SIBISIFOTCS OYEHb OT-
paHUYEHHBIA OIOJIPKET PECypCOB, 3a4acTyl0 HEONTHMalibHasi opOUTa, HEYIAOOHBIN
BBIBOJI HA OPOUTY U OOBIYHO CHJIBHO OTPAaHWYEHHBIE BO3MOKHOCTH IO Iepeaadu
JAHHBIX Ha 3emMu1t0. HaHOCTTyTHHKM MOTYT OBITh UCIIOJIB30BaHbI CKOPEE ISl UCIIbI-
TaHUN HOBBIX CIIOCOOOB IMpOBeneHusT n3Mepennit u/mnu tectupoBanuss COTS are-
MEHTOB, Y€M JUIsl MPOBEJECHUS KOMIUIEKCHBIX HAy4YHBIX HcciaenoBaHuil. OgHO u3
HaITpaBJIEHUI UCIIBITAHUN — 3TO TECTUPOBAHHUE B YCIOBUAX KOCMUYECKOIO MOJIETA
npuOOpOB, MpeIHA3HAYCHHBIX I MEXIUIAaHETHBIX MUCCHH. VIMeHHO Takue mpu-
O0opbl paboOTalOT B YCIOBHSIX BEChMa OrpaHMYEHHOTO oOecrieueHus. IIpenBapu-
TeNbHbIE 00CYyXaeHus, uMmeBie mecto B llIBeackoM MHCTHTYTE KOCMUYECKON
¢dusuke (Swedish Institute of Space Physics - IRF) 8 Kupyne, nokasanu moTeHIu-
anbHbI HTEpec Kk GRESAT’y kak k minatdopme A MpoBEAEHUSI TECTOBBIX HC-
NBITAHUN CBEPXJIETKUX, MUHUATIOPHBIX MacC-CHEKTPOMETPOB ISl U3MEPEHHUS HO-
HOB Y HEUTPOHOB B PaMKax HKCIIEPUMEHTOB 0 U3YYEHUIO (PU3NKHU MEKIIAHETHON
mia3Mbl. CriocoOHocte GRESATa k obecniedeHnto cOOCTBEHHOTO BpAaIeHUs SB-
JISIeTCS BECbMa 3aMaHYMBOM, TaK KaK 3TO MOXET 00eCleYUTh CKaHUPOBAHUE IMPO-
CTPAHCTBA C MOCTOSIHHBIM YIJIOM HYTAIlUH.

! IIpencraBneHo 3amectuteneM mupekTopa MHcTHTYTa KOcMudeckoi ¢pusnku, Kupyna moxropom C.bapabdarmom.
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NHCTATYT KOCMUYECKON (PU3MKH B HACTOSIIEE BPEMs pa3padaThIBAET CEPHIO
MUHUATIOPHBIX MOHHBIX MAacCC-CIEKTPOMETPOB JIJIsi BHIBOJA HA OPOUTY HA WHIWM-
ckom nmyHHoMm ammapate Chandrayaan (mpuGop SWIM), eBponeiickom amnmapare
Bepi Colombo (mpubop MIPA), poccuiickom ammapate ®obdoc-TpyHT (TpruOOp
DIM) u Ha xuraiickom mukpocnytHuke Yinghou (mpubop YPP), mmanupyemom
JUTSL TOCTaBKM K Mapcy Kak MOMyTHOM Harpy3ku B pamMkax Muccuu @oOoc-TpyHT.
Taxke |IRF mnmanupyer wucnbITaTh HOHHBIM CEHCOp, W3TOTOBJICHHBIA Ha 0Oase
MEMS-matrepa (3kanto3u) Ha OOPTY HMIBEICKOTO TEXHOJIOTMYECKOTO MUKPOCIYT-
Huka PRISMA (mpu6op PRIMA). OcHoBHbIe 010/KeThl MPUOOPOB ITOM cepuu
npuBeneHsl B Ta0:1.3. Ha puc.11 npuBeneH BHEIIHHME B JISTHOTO 00paslia MHU-
HHUATIOpHOTO Macc-criekrpoMetpa SWIM s wHauiickor ayHHoM muccuu Chan-
drayaan. Ero ocHOBHBIC XapaKTEpUCTUKH MIPUBEICHBI B Ta0JL.4.

[IpubGop | Macca, | MOIIHOCTB, | pa3Mepsl KOpITyca, [Tpumeuanus
r Br MM

SWIM, 450—- 1.8 72x83x156 Macca MeHsIeTCS B 3aBUCUMOCTH OT

MIPA, 550 (DIM, YPP) KOHCTPYKIIUU M ONITUYECKOTO YCT-

DIM, POMCTBA, YJIaBIMBAIOIIETO HOHBI

YPP

PRIMA | 650 2.5 91x96x156 Brxurodaer B cebst maccy mpeobpa-
30BaTeNsl HaMpsDKEHUS U YCTPOW-
CTBa pacIpeeICHHs JIEKTPOIHEP-
701

Ta6:.3. bro/keThl MUHHATIOPHBIX HOHHBIX MacC-aHaJIU3aTopoB pazpadotku IRF

Puc.11. Jletusrit o6paser; Chandrayaan-1/SWIM (npenmectBennuk mpudopa MIPA)

JIAana3oH U3MepseMon 3HeEprum, 3B

15— 15000 (SWIM, MIPA, DIM, YPP)
10 - 300 (PRIMA)

sHepreTryeckoe paspenicane AE/E, % 7

T0JIe 3pEHMUSI, TPal

90 x 360 (MIPA, DIM, YPP)
10 x 180 (SWIM, PRIMA)
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yrioBoe pazpemerue (FWHM), rpan 22.5x 60,10 x 10
IHaIa30H Macc, a.e.M. 1-50
maccoBoe paspemieane, AM/M, % ~5

Tabn.4. Xapakrepuctuku JieTHoro oopasia Chandrayaan-1/SWIM

TpeOoBaHusi Ha Tepenauyy TeJIeMETpUHM BapbupytoTcs B mpepenax 0.1 — 1
Kout/c u 3aBucAT ot pexkuma paboThl Ipudopa U 00beMa JaHHBIX, 00pabOTaHHBIX
Ha OopTy. YOeauTenbHBIA OMBIT, HAKOILICHHBIN B TIpoIiecce pa3padOTKU ITOU ce-
puu prOOPOB, MOKa3ad, YTO MPAKTHYCCKUN Tpeaes] MUHUATIOPU3AIUU WHCTPY-
MEHTOB PacCcMaTpMBAeMOro THIa AOCTUTHYT. Pa3Mepsl kopiyca mpubopa U ero
Macca OMpeaeNsIIoTC cefvyac CKopee He XapaKTepUCTUKaMH CaMOI'o aHaJIn3aTopa,
a TpeOyeMoM IEKTPOHHOU “00BSI3KOM”’, B YACTHOCTH, UCTOYHUKOM BBICOKOBOJIBT-
HOTO HamnpspDKeHUs. Bo3MokHas ONTUMHU3AINS MEXaHUYECKON YaCTH M AJICKTPOHH-
KM MOKET YMEHbIIUTH 0011yto maccy 1o 400 r, Ho OyaeT TpeOoBaTh 3HAUUTEI b-
HBIX YCWJIHMM, HECOU3MEPUMBIX C BBICOKMM PUCKOM MpoekTa. Pacxon sHeprum 3a-
BHUCUT OT Habopa pecypcoB, MOCTABISIEMbIX MIAT(HOPMOM, U HUCIOIB3YEMOT0 J1aT-
YHKa, HO HE MOXKET OBITh MeHbIIe 1.5 BT.

B nacrosimee Bpemsi B IRF u3ydaroTcss KOHCTPYKIIMM aHAIM3aTOPOB, OCHO-
BaHHBIX Ha MUHU-PEICKTPOHAX WM IJIEKTPOCTATUYECKUX YIOBUTENISAX ISl TOTO,
YTOOBI CYIIECTBEHHO YJIYUYIIUTh MAacCOBOE pa3pelieHUEe CYIIECTBYIONINX JaT4H-
KOB, COXpaHsisg MacCy aHaJIU3aToOpa Ha TOM € YPOBHE, KaK M Y MPEAbIIYIIUX MO-
neneit. loHOBBIE Macc-aHalM3aTOPbl, OCHOBAHHBIC HA 3TUX HOBBIX KOHCTPYKTOP-
CKHUX HJIESX, MPEIYyCMATPUBAIOTCS K MCIIOIB30BAHHUIO B TPSIAYIIMX MEKILUTAHETHBIX
MUCCHSIX U, TAKUM 00pa3oM, TpeOyIOT CBOEH Bepu(pUKAIIUU B YCIOBUSIX PEATLHOTO
KocMHu4ecKoro mnosieta. C TOYKH 3peHUs MparMaThukKy 00Jiee peaIuCTUYHO CPaBHU-
BaTh KOHCTPYKIIMM HOHHBIX MAacC-aHaJIU3aTOPOB, UCIOJB3YIOUIUX COOCTBEHHBIC
npeoOpa3oBaTeilb TOKa U YCTPOWCTBO pacHpeleieHusl 3JIEKTPOIHEPTruu. ITO Mo-
BBIIIIACT TPEOOBAHUS IO MACCe M PHEPTEeTUKE, HO “pa3BA3BIBACT  IMPOIIECCHI pa3pa-
0oTku miat@opmMbel ¥ MpuUOOpa B pa3HBIX CTpaHAX W ymporraeT uHTepdeiicsl. B
TabJ1.5 npuBeeHbl 6a30BbIe TPeOOBaHUS MPUOOPA B CPABHEHUHU C BO3MOXKHOCTAMHU
HanocnytHuka GRESAT.

[TapameTp IMS GRESAT IMS B cpaBHenuu ¢ GRESAT
Macca, KT 0.600 - 0.65 5-6 ~10%
JJIEKTpUIecKas 2.5 8 - 9 (c comHeunsiMu Oa- ~30%
MOITHOCTb, BT TapesMu)
00BeM, MM 100x100x160 | BeicoTa-300, amamerp- | MOATOHSAETCS, HO TECHO

170
Tenemerpus, 100-200 7200 BITOJTHE Y/IOBJIETBOPUTEIEHO
out/c
HaIpsDKEeHHe +28 +18, +36V IMS MoxeT ObITh HACTPOEH Ha
nuTanus, B coorBeTcTBUEe ¢ GRESAT

Ta6n.5. XapakTepucTHKH HOHHOTO Macc-criekTpometpa (IMS) B cpaBHeHHH ¢ XapakTe-
puctukamu HaHocmyTHuka GRESAT
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MoskeT ToKa3aThCsi, 9YTO ¢ CUCTEMHOW TOYKH 3PEHUS JIMMHTHPYIONUM (ak-
TOPOM SIBIIIETCSI SHEPTHs, HO 3TOT KOH(IMKT MOXKET OBITh CHAT Tepepacipese-
JICHHBIM TI0 BpeMeHH nuTanueM. [1oBos UTor, MOKHO KOHCTAaTUPOBATh, UTO TO-
JIe3Has UCCIeoBaTeNIbCcKasi HAarpy3ka pacCMaTPpUBAeMOI0 TUIIA BITOJIHE MPUBJIEKa-
TeJIbHAs M OAXOAAIIas MMEHHO /it HaHocmyTHUKa GRESAT.,

3akJIroueHue

[IpoBeneHHBIN 3Tan MPEABAPUTEIBHOIO PACCMOTPEHUS IIEJIEBBIX (PYHKIUH,
HAa3HAUEHUS M COCTaBa HAHOCIYTHHKAa B paMKaX MEXIYHApOJHOIO IMPOEKTa
GRESAT mnokasai BO3MOXKHOCTb €0 pealn3aiii B paMmkax IlporpaMmbl Mexay-
HapogHoro cotpyaHuuectBa @KA (Pockocmoca) u DLR, PHUU KII ¢ coucno:n-
Hutensamu u ZARM, a takxke u IRF.
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O003Ha4YeHNs U COKpPALLICHUS

THC-0 — Texnonoruueckuit Hano-CrnyTHHK

GRESAT - German Russian Education SATellite

OI'YIT PHUM KII — denepanbHOe TOCYyIapCTBEHHOE YHUTAPHOE MPEANPUITHE
Poccuiickuii Hay4yHO-MCCIIEIOBATEILCKUM HHCTUTYT KOCMHYECKOTO MpUOOpO-
ctpoenust (PHMUA KIT)

ZARM - Zentrum fiir angewandte Raumfahrttechnologie und Mikrogravitation
[{eHTp NMpUKIaIHBIX KOCMUYECKUX TEXHOJOTUS U MUKpPOrpaBUTallu bpeMeHCKOro
YHUBEPCUTETA

NIIM  um.M.B.Kenasima PAH - WHCTUTYT TOpUKIAIHOM MaTEMaTHKU
M. M.B.Kennpima Poccuiickon akageMun HayK

MO®THU - MockoBCKHil (PU3NKO-TEXHUYECKUN MHCTUTYT (TOCYIapCTBEHHBIA YHH-
BEPCUTET),

IRF — MuctuTyT kocmuueckoit gpusuku, Kupyna, [Berus,

BEBM - GopToBast BBIMUCIUTENbHASI MAIlIUHA,

ADY - anteHHO-(pHIEpHOE YCTPOUCTBO,

MCO - marauTHasi CHCTEMA OPUEHTAIIUH,

ACC - annmapaTypa CIlyTHUKOBOH CBSI3U,

ROC — RNII KP On-board Computer (6oprosoii kommstorep PHUI KIT)
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Z0C — ZARM's On-board Computer (6optoBoii kommbroTep ZARM'a)

3VY — 3anoMuHaIIee yCTPOHCTBO,

O3Y — onepaTtuBHOE 3aIIOMHUHAIOIIEE YCTPOUCTBO,

[13VY - nocTostHHOE 3alOMHHAIOIIEE YCTPOUCTBO,

COII - cucrema HEPronuTaHus;

HKY - HazeMHBII KOMIIJIEKC yIIPaBICHUS

FDIR - Fault Detection, Isolation and Recovery (in On-Board Software) (6optoBoe
IpOrpaMMHOE OOeCIIeueHUE JIJIsl ONpeAeIICHUs] HEUCIPABHOCTH, €€ MECTOIOJIOXKE-
HUS ¥ YCTPaHEHU)

ADC - Analog-to-Digital Converter — mpeo6pa3oBareiib aHAJIOIOBOI'O CHUI'HAJa B
udpoBoit

TWI - Two Wire Serial Interface — nByxnpoBoHbIH 1OCIIeIOBATENBHBIN HHTE]ETC
PWM - Pulse-Width Modulation — umMmyIbCHO-IITUPOTHAS MO TYJISIIIHSI

MOSFET - Metal-Oxide—Semiconductor Field-Effect Transistor — cunoBoii TpaH-
3UCTOP JUIS yCUIJICHUS U TIEPEKITIOYCHHS CUTHAIA

SRAM - Static Random Access Memory- cratuueckasi orepaTuBHas MaMsTh C
IPOU3BOJIBHBIM JOCTYIIOM

ISS — International Space Station (MexmxyHapogHast KOCMHUYECKasi CTAHITU )

COTS - Commercial-off-the-shell (cepuiinbie KOMIOHEHTBI MPOMBIILICHHOTO Ha-
3HAYCHUSA )

IMS - ion mass spectrometer (MOHHBIN Macc-CIIEKTPOMET])
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Introduction

Small-sized satellites have already become customary for experiments and re-
search realization in the space. A direction where they demonstrate their advantag-
es includes technological experiments in miniature component set testing and new
technological solutions verification. Another direction includes educational
process. This is caused by relatively low cost of missions and by short time re-
quired between the idea and results of the flight test.

The Russian-German international project of the experimental nanosatellite by
the code-name GRESAT is presented in the paper. Federal State Unitarian Enter-
prise “The Russian Research Institute of Space Device Engineering” (hereafter re-
ferred to as RRI SDE or RNII KP as in Russian abbreviation), the Center of Space
Technology and Microgravity (Zentrum fiir angewandte Raumfahrttechnologie und
Mikrogravitation) of the Bremen University (ZARM), the Keldysh Institute of Ap-
plied Mathematics of RAS (KIAM) and Moscow Institute of Physics and Technol-
ogy (MIPT) have signed the Agreement for Intention concerning joint develop-
ment, fabrication, testing and launching of the GRESAT nanosatellite [1]. The
Principal Investigators of the project are RRI SDE and ZARM. The project partici-
pants are possessed of many-sided experience in knowledge domains of the
project. Some especially successful pieces of experience have supported its devel-
opment. Among those are RNII KP experience in design, fabrication and launching
of the first Russian nanosatellite TNS-0 Nel (Fig.1) in 2005 and collected know-
how in perspective satellite development [2-4], ZARM experience in development
and launching of BremSat microsatellite [5] in 1994 (Fig. 2), participation in na-
tional (ABRIXAS, 1999), European (HYPER, 2020) and US (STEP) small satellite
projects, KIAM experience in dynamics analysis and development of the nanosa-
tellite attitude principles [6], in realizing the attitude control systems (TNS-0 Nel,
2005 [7], Munin, 2000 [8], REFLECTOR, 2001 [9]), MIPT experience in training
of well-qualified manpower for high-tech branches of science and engineering
[10].

GRESAT is a nanosatellite with two different attitude control systems, two
on-board computers and two different onboard sets of equipment for communica-
tion with on-ground mission control center (MCC) through Internet. Also, the op-
portunity to install a miniature unit for charged particles registration as a scientific
payload like ion mass analyzer can be taken into consideration. The project main
purposes are to extend knowledge and to gain practical experience in small-sized
satellites development and realization using modern miniature components includ-
ing COTS, to verify new technology and design solutions, to create a management
system for international project realization. Following tasks are accomplished for
the goals achievement. During the flight tests a comparative analysis of two atti-
tude control systems and of two global satellite communication systems (with
posterior analysis of the experimental data) is carried out. At presence of a scientif-
ic payload the environment parameters are measured. A cooperation scheme of two
onboard computers (the Russian one and the German one) is realized. The ground
test is conducted using the laboratory facilities developed by KIAM [11] and
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ZARM [12]. The subsystems test results are going to contribute to its further use as
part of other nanosatellites being under design. The team of young project conduc-
tors is created.

.

A

Fig. 1. TNS-0 Nel nanosatellite appearance Fig. 2. BremSat microsatellite at integrating
bench

1. GRESAT structure

GRESAT is developed on the basis of the TNS-0O Nel nanosatellite [3]. Its
functional logic diagram is presented in Fig.3. Its onboard computer uses the sin-
gle-chip controller C8051F022 (Silicon Laboratories Company) and embedded
flash-memory. A lithium-ion battery is the energy source (2x18 V). The thermo-
regulation system is passive. Passive MACS is used. The global satellite commu-
nication system GLOBALSTAR is used for communication (to upload and down-
load data and commands) with on-ground MCC. The satellite orbit after ejection
from the ISS on the 28 of March, 2005 was almost circular with 350 km perigee
altitude and 359 km apogee altitude, 51.6° inclination and 91.6 min orbital pe-
riod. The satellite international registration number is 2005-007C, the name is
Tekhnologiya-42 (TEKh-42).

The nanosatellite GRESAT consists of the following units:

- the skeleton,

- the ROC onboard computer designed by RNII KP,

- the ZOC onboard computer designed by ZARM,

- the power supply system (storage battery, electric power supplier, solar batteries),
- the passive thermocontrol system,

- the GLOBALSTAR satellite communication unit (modem and antenna feeder),

- the ORBCOMM satellite communication unit (modem and antenna feeder),



23

- magnetic attitude control system (MACS) (current coils, magnetometer, Sun sen-
sors and horizon sensor),
- the connectors (relay).

\\y 7«/
Antenna i { Antenna
system i | system
i i
" +15
Radio beacon of the “GLOBALSTAR"
“COSPAS” system oV modem
4"\;..

_ : E { Solar sensor 1
passive 53;5 em of | i RsS232 Solar
orientation {magnetic) < L sensor 2
passive temperature . . Solar sensor 3
control system System controller e
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135 118 oV

Powery supply battery |

Fig. 3. The nanosatellite THC-0 Nel functional logic diagram

As two sets of OBC, MACS and SCU will be used let us see the individual
description of the Russian and the German segments. The Russian segment has the
Master status and the German one has the Slave status.

The satellite general functional logic diagram is presented in Fig.4.
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Fig. 4. The GRESAT satellite general functional logic diagram
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2. Russian segment structure
2.1. Onboard computer (ROC)

The ROC computer designed by RNII KP is a main platform computer of the
GRESAT satellite. The ZOC computer designed by ZARM is a supplementary
one. The computers and attitude control systems work will be realized in an alter-
nate manner. The system of protection against onboard computer failures will also
be realized. During the control transfer from the Russian segment to the German
one the ROC works in a stand-by mode. In this mode the ROC orders nothing and
it only receives data packages from the ZOC. These bursts contain information
about systems functioning and its correct work confirmation code. In case of ZOC
fault the main onboard computer takes over the control. The error data burst can be
sent to on-ground mission control center (MCC) where the error is examined. He-
reafter the possible reset of the invalid supplementary computer is realized for its
restart with the aid of working main computer by adjusted software download.

It is proposed to realize the ROC on basis of the TMS320VC5 processor line
(Texas Instruments). Control is realized by operating system based on DSP BI-
OS/API real time core. Internet connection is to be carried out via the GLOBALS-
TAR satellite communication system. Analog and digital temperature remote sen-
sors are installed onboard. Based upon the proposed tasks to be solved by the satel-
lite the ROC must satisfy the following requirements:

e TMS320VC5 processor (Texas Instruments) with rate no less than 100 MIPS,

e data RAM of 64k*16, routine RAM of 64k*16 (data and routines are loaded in
RAM at the time before execution),

e routine ROM 512k*8,

e power-independent data and routine memory unit (HDD analogue) with FAT
no less than 512M*8,

e software:

- the BIOS/API operating system for the TMS320VC5 platform (Texas In-
struments),

- the Code Composer Studio Engineering environment for the
TMS320VC5XXX platform (Texas Instruments) with C/C++ compiler and
assembler),

- the source of application routines transfered to the TMS320VC5 platform
must be developed taking into consideration the ANSY C/C++ requirements.

The ROC exterior geometry is shown in Fig.5.



Fig. 5. The ROC onboard computer exterior geometry

2.2. GLOBALSTAR satellite communication unit

The satellite communication unit (SCU) consists of the modem and the anten-
na-feeder device (AFD) (Fig.6). It links the nanosatellite with MCC, uploads satel-
lite control commands and downloads the satellite state data burst to the MCC.
During the flight tests it is proposed to execute two routines of SCU work, a non-
synchronous one and a batch one. The batch mode is more preferable in their fea-
tures than the nonsynchronous one. In case of successful results of the batch mode
use its application in standard mode is proposed.

Clapgty s’

Fig.6. The GLOBALSTAR satellite communication unit (modem and antenna)

2.3. Power supply system

The power supply system (PSS) will be installed on board of the nanosatellite.
It includes a lithium-ion battery (Fig.7), solar batteries (Fig.8) and energy distribut-
ing unit (EDU). The recharged lithium-ion battery permits to increase the satellite
active life and the solar batteries support the battery charging. EDU embodies bat-
tery charge controller which does not allow the battery to discharge below thre-
shold voltage. During the charging the voltage, charging rate, battery temperature
and other parameters are being monitored.
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Fig. 7. Lithium-ion battery Fig.8. Solar battery plate

2.4. Satellite skeleton

The GRESAT construction is created on the basis of the best former devel-
opments taking into consideration new technologies available. The construction
has to provide work of equipment during all the life of the unit under conditions of
outer space. The GRESAT is of small volume and small mass and at the same time
its functional capability has to be high. The skeleton (Fig.9) must:

- be of minimal possible mass at predetermined reliability and energy indexes,

- have the form optimal by the work requirements,

- its room must be used optimally for providing of the necessary temperature
control conditions, of convenient access to assemblies and units and of the
blocks prelaunch replacement possibility,

- be able to stand predetermined mechanical effects,

- be able to stand sudden fluctuations in temperature under outer space condi-
tions (from -50 to +60 °C),

- be resistant to unsettling factors,

- have electromagnetic tightness,

- Dbe easily produced and of minimal cost.

€

Fig.9. The skeleton

The skeleton is made of honeycomb aluminum plates.
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2.5. Satellite attitude control system

Hard requirements of angular motion providing are not complied to the satel-
lite attitude control system. Attitude algorithms of different modes and realization
ways will be tested.

It is planned to use three-axis magnetometer, Sun sensors, three mutually
perpendicular current coils and a system of the satellite orbital position determina-
tion on board. The satelite will be stabilized alongwith the magnetic field induction
vector. It will be done in two stages. At first quieting of initial disturbed motion
caused by separation is realized using rather traditional B-dot method. Then the sa-
tellite is brought to orientation by longitudinal axis along the geomagnetic field in-
tensity vector. It is carried out using three coils for development of restoring and
damping torques. Control is built on the basis of Lyapunov’s second method. The
attained mode is considered to be nominal.

The satellite equipped in such a way is also proposed to be stabilized in iner-
tial space by its spinning rotation.

Choice of the predetermined direction in inertial space for the satellite spin is
faced separately. The most preferable predetermined direction is a mode of spin
axis orientation in the direction of normal to the orbital plane. This mode no needs
energy consumption for the spin predetermined direction maintenance owing to the
combination of gravitational torque and centrifugal forces torque.

If there is enough energy, experiments with spin orientation in other direc-
tions (to the Sun or to the GLOBALSTAR system satellite) are planned. After rea-
lization of such tests it is easy to return to the foregoing orientation in the direction
of normal to the orbital plane in order no to consume the battery energy.

Important advantage of the spin attitude system choice is that as a result of
the GRESAT tests the TNS-1 nanosatellite attitude algorithms will be verified.

The variant of three-axis orientation providing with respect to the orbital ref-
erence system using the current coils is regarded as possible.

2.6. Russian segment structure review

Russian segment components with their mass features are given in Table 1.

Component: Mass, g
Skeleton 1994
OBC RNII KP (ROC) 120

Power Supply System (accumulator battery, energy distributing unit, solar | 530
arrays)

Satellite Communication Unit (GLOBALSTAR-modem and antenna-feeder | 347
device)
TOTAL 2991

Table 1. GRESAT Russian segment components mass features
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3. German segment structure

The German segment includes MACS elements (magnetometer and three cur-
rent coils), the on-board computer (ZOC), the ORBCOMM modem and the anten-
na-feeder unit. The Russian segment has access to the measuring and executive
parts of the MACS of the German one and also commands the ZOC switching on
and off.

3.1. German segment structure review

Supplement of the satellite with two onboard computers (the ROC and the
Z0OC) allows the partners to realize the independent testing of their own attitude
control algorithms in space conditions. The computers are linked by communica-
tion interface and can exchange commands and data. As two independent commu-
nication systems are installed on board, the computers can also exchange data
which are received and sent to the on-ground segment, for example, in case of one
communication channel fault.

The energy source is a battery storage and solar battery. The ROC controls
energy consumption for all the German components.

The magnetometer works permanently and supplies both computers with da-
ta at the same time. The current coils can be used by both computers. A special
switch defines which computer is controlling the coils currently.

3.2. Segment mass features

German segment mass features are given in Table 2.

Component Standard mass, g Maximum mass, g
OBC ZARM (Z0OC) 130 200

sensors (magnetometer and thermosensors) 75 110

ORBCOMM (modem and antenna-feeder device) 200 240

current coils 70 90

auxiliary equipment (coupler and plait) 60 200

TOTAL 535 760

Table 2. GRESAT German segment components mass features
3.3. ZARM onboard computer (ZOC)

ZOC is a ZARM designed device (Fig.10). It has an Atmel AVR ATMegal28
microcontroller as main processor that is clocked with an external 3.6864 MHz
quartz. This microcontroller has two USART interfaces. One leads out to an
RS232 driver, the other one is multiplexed and is divided into two more RS232 in-
terfaces and another RS422 interface. The RS232 interfaces are used for communi-
cation with ROC and ORBCOMM, the third one is for test purposes only. The
RS422 interface is connected to the magnetometer. There are two AD-converter
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(ADC). The internal one is an 8-channel, 10-bit ADC that is connected to eight
switches. So, it is possible to connect up to 15 external sensors to this ADC for
measurements (one is reserved for onboard temperature measurement). The exter-
nal ADC is an 8-channel, 12 bit ADC with a connected 8-channel multiplexer. So,
it is possible to connect 15 external sources. Four of these are already in use for
current measurements. A real time clock is also included. It has an external power
supply and is connected via Two Wire serial Interface (TWI) to the microcontrol-
ler. The microcontroller generates three PWM signals for the magnetorquers.
These are led out by three MOSFET drivers. At least there is a 2-channel, 12-bit
DA converter but its usage is arguable until now.

Fig.10. ZARM’s onboard computer (ZOC)

Facts about the microcontroller are as follows:

e Low Power 8-Bit uC in RISC Architecture;

e 128k Bytes of In-System Reprogrammable Flash;

e 4K Bytes Internal SRAM software:
o the operating system is a self developed endless loop that awaits order

from ROC about the next tasks;

o all necessary applications for these tasks are coded in ANSI C
o the underlying library is AVR Libc 1.6.4.

3.4. Magnetic attitude control system

As stated above one of the mission purposes is to demonstrate the work of the
active MACS which realizes the different satellite motion modes about center of
mass. The German MACS functioning includes the following stages:
initialization,
stabilization,
observation,
various attitude algorithms experiments (optional).
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The ROC is a main computer of the satellite and it controls the ZOC work in-
cluding its various stages. The ROC can switch on and off the ZOC and send direc-
tives for system other work modes activation.

The initialization phase is required after the ZOC switching on. One of this
phase main tasks is subsystems performance check by control of temperature, vol-
tage and current. The magnetometer and modem can be checked up analysing a se-
ries code and control messages exchange. The FDIR method [15] can be used for
realization of the functionalities alternative set in case of the subsystems fault. The
main result is the capability of the satellite to communicate with MCC using two
onboard modems of different communication systems. The initialization phase rea-
lization result will be the ZOC idle state for the ROC next commands receiving.

The stabilization phase is the main part of the MACS functioning. It is pur-
posed for active damping of all the initial angular disturbed motions of the satellite.
The tasks which are to be solved at this point include primary determination of the
satellite current angular motion and initial rotation damping. The local magnetic
field is measured high-frequently to carry out exact on-ground simulation of the
satellite initial motion conditions. The minimal frequency of data sampling is pro-
posed to be equal to 10 Hz and may be limited by the magnetometer capability.
Measurement session duration is determined for at least two minutes in order to
catch even slow rotations. Notice that motion can be determined only relatively to
the vector B of the local geomagnetic field induction. Real motion with respect to
the inertial space requires use of other attitude sensors and other measurement
processing methods.

After the angular motion primary determination phase the satellite realizes
damping with use the current coils. Depending on initial rotation velocity it can
take a few hours. Further modelling of the motion allows us to ascertain a reliabili-
ty of the assumptions about angular motion. Damping is an important stage and
must be carried out in off-line mode if the ROC has already sent its realization
command to the ZOC and the stage of the satellite angular motion primary deter-
mination is over. The purpose of the damping mode is synchronization of the satel-
lite angular motion with the vector B motion. During the satellite motion in the
Keplerian orbit around the Earth the induction vector is turning slowly executing
motion (which is close to the periodic one) with double orbital frequency. Its ve-
locity change in the related to the satellite body coordinate frame is obtained by
two consequent onboard magnetometer measurements using a finite difference me-
thod. The B-dot algorithm is used for the satellite magnetic dipole moment gene-
rating by means of the current coils for the satellite damping about the rotating in-
duction vector B. After realization of this manoeuvre the satellite will track the B
vector. The attained slow rotation with the B vector contributes to improving of the
communication with the Earth in contrast to the initial fast rotation.

The observation phase is used for various data measurement after the stabili-
zation phase. Within the limits of this phase the mode of the magnetic attitude con-
trol during rather long time will be analyzed. The external fields will induce the
disturbing torques and without control the satellite can start rotation again.
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Another interesting test object is temperature inside the satellite body. Due to
the orbit with shaded by the Earth the satellite will be located both under direct sun
radiation and under the planet shade. This will influence the temperature condi-
tions inside the satellite and its certain components. Temperature measurements
during several orbits will be used for the satellite heat model verification.

The phase of experiments with the MACS is proposed as an optional one for
magnetic attitude control alternative ways testing. For example, a test of the possi-
bility of the satellite 90-degree turn about the B vector can be carried out. Other
algorithms (different from the foregoing B-dot) will be used for this. Such ma-
noeuvres realization will depend on the satellite available energetic resources after
the quieting phase realization.

4. Candidate for a scientific payload?

Nanosatelites provide an attractive flight opportunity for scientific payload
testing. The advantages of such platforms are low costs and fast development
cycles. The disadvantages are very tight resource budget, very often non-optimal
orbit and launch, and usually very limited downlink. Therefore, nanosatellites can
be best used for technology tests of innovative measurement technique and/or
COTS products rather than for comprehensive scientific investigations. They are in
particularly interesting for flight tests of payload proposed for planetary missions
where the budget requirements are normally very demanded. Preliminary discus-
sion at the Swedish Institute of Space Physics (IRF), Kiruna, Sweden revealed po-
tential interest to consider GRESAT as a test platform for ultra-light, miniature
ion/neutrals mass spectrometers for space plasma physics experiments. GRESAT
capability for spinning is particularly attractive because it inherently extends solid
angle coverage.

IRF is currently developing a line of miniaturized ion mass analyzers to fly on
the Indian Moon mission Chandrayaan (SWIM), ESA Bepi Colombo (MIPA),
Russian Phobos — Grunt (DIM), and Chinese Yinghou (YPP), a microsatellite mis-
sion piggy-backing to Mars onboard Phobos-Grunt spacecraft. Also IRF is testing
an ion sensor based on a MEMS shutter (micro-electromechanical system) onboard
the Swedish technology demonstrator mission PRISMA (PRIMA). Table 3 sums
up the basic budget of this line of detectors, Table 4 sensor characteristics, and
Fig.11 shows the SWIM flight model for the Indian Chandrayaan mission.

Instrument | Mass Power | Envelope Comments

SWIM, MI- | 450 - |1.8W | 72x83x156 Mass varies depending

PA, 550 g (DIM, YPP) on the structure and en-

DIM, YPP trance ion optics design

PRIMA 650 g 2.5W | 91x96x156 Includes own DC/DC
and DPU

Table 3. Budget of the IRF miniaturized ion analyzers

2 Proposed by Deputy Director of IRF, Kiruna Dr. Stas Barabash.
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Fig.11. Chandrayaan-1 / SWIM (MIPA precursor) flight model

Energy range, eV 15 — 15000 (SWIM, MIPA, DIM, YPP)
10 — 300 (PRIMA)

Energy resolution AE/E, % 7

Field of view, degree 90 x 360, (MIPA, DIM, YPP)

10 x 180 (SWIM, PRIMA)
Angular resolution (FWHM), de- | 22.5x 60, 10 x 10

gree
Mass range, amu 1-50
Mass resolution, M/AM, % ~5

Table 4. Typical characteristics of sensors

The telemetry (TM) requirements vary from 0.1 — 1 kbps depending on the in-
strument mode and amount of data processing performed onboard. The experience
gained in developing this series showed that the practical limit for miniaturization
of such type of instruments is reached. The instrument envelope and mass are dri-
ven now not by the analyzer size but the required electronics, in particularly high
voltage power supplies. Possible optimization of the mechanics and electronics
may bring the mass down to 400 g but would require substantial efforts that may
not be feasible for such a high-risk project. The power consumption depends on
what resources provided by the platform and what is on the sensor side but it can-
not be made below 1.5W.

Currently IRF is studying analyzer designs based on a mini-reflectron or elec-
trostatic gater to substantially improve mass resolution of the existing sensors
while keeping the mass of the analyzer similar to the previous models. The ion
mass spectrometers (IMS) based on these new design ideas are envisaged for the
coming planetary missions and, thus, require in-flight verification. GRESAT may
be considered as a possible flight opportunity. Programmatically it more realistic to
compare IMS designs using own DC/DC and DPUs. That increases mass and pow-
er requirements but decouple development in different countries and simplify inter-
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faces. Table 5 shows the basic budget requirements of the sensor and compare
them with the overall GRESAT characteristics.

Parameter IMS GRESAT IMS vs. GRESAT
mass, kg 0.6 —0.65 5-6 ~10%

power, W 25W 8-9 (with solar arrays) ~30%

Volume 100x100x160 | height - 300, diameter -170 Fits but tight

TM, bps 100-200 7200

required voltages, V | +28 +18; +36 IMS can be adjusted

Table 5. The ion mass spectrometer budgets vs. the GRESAT characteristics

One can conclude that from the system point of view the limiting factor is

power but the conflict may be resolved via power sharing. In summary, the consi-
dered IMS-type payloads are indeed feasible for GRESAT.

Conclusion

The accomplished phase of primary examination of the nanosatellite criterion

functions, purpose and structure in the GRESAT international project framework
has demonstrated its realization capability within the bounds of the Program of in-
ternational collaboration between Russian Federal Space Agency and Deutsches
Zentrum fiir Luft- und Raumfahrt, RNII KP with collaborators, ZARM and IRF.
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Notations and Abbreviations

TNS-0 — Technological Nano-Satellite

GRESAT - German Russian Education SATellite

RRI SDE - Federal State Unitarian Enterprise “The Russian Research Institute of
Space Device Engineering”

RNII KP - RRI SDE in Russian abbreviation

ZARM - the Center of Space Technology and Microgravity (Zentrum fiir ange-
wandte Raumfahrttechnologie und Mikrogravitation) of the Bremen University
KIAM - the Keldysh Institute of Applied Mathematics of Russian Academy of
Sciences
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MIPT — the Moscow Institute of Physics and Technology (State University)
OBC — On-Board Computer,

ROC — RNII KP On-board Computer

Z0C — ZARM's On-board Computer

AFD - Antenna-Feeder Device,

MACS — Magnetic Attitude Control System,

SCU - Satellite Communication Unit,

RAM - Random Access Memory,

ROM - Read-Only Memory,

FAT - File Allocation Table

PSS - Power Supply System

EDU - Energy Distributing Unit

MCC — on-ground Mission Control Center

FDIR - Fault Detection, Isolation and Recovery (in On-Board Software)
ADC — Analog-to-Digital Converter

TWI - Two Wire Serial Interface

PWM - Pulse-Width Modulation

MOSFET - Metal-Oxide—Semiconductor Field-Effect Transistor
SRAM - Static Random Access Memory

ISS — International Space Station

COTS - Commercial-off-the-shell (components)

IMS - ion mass spectrometers
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