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The word “space” elicits from
a person unfamiliar with the
specifics of space research an
intuitive reaction to look up.
But for specialists it is abun-

DEPARTMENT (82)

Pykosodoumesno —
Bnaoumup Hazapoe

Head — Vladimir
Nazarov
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HazemHell Komnnekc
8 Yccypulicke

Ground complex
in Ussuriysk

Laboratory 821 headed by
L.S. Chesalin specializes in de-
velopment of microprocessor-
based systems. From the late
1970s the Laboratory staff
participated in the projects
Luna, Venera, Mars, Meteor,
Prognoz, Intercosmos. By pro-
cessing of the Venera 13
lander data the first color
panoramic image of the Ve-
nus landscape were obtained.
For the Vega project the KIA
ground test instrumentation
was developed for the ASP-G
automatic stabilized platform
equipped with the guidance
system for pointing at Comet
Halley and videospectral
instruments. Processing
images collected during the
Comet Halley flyby allowed
for defining the shape and
dimensions of the comet
nucleus, confirming the
structure and photometric
characteristics of its surface
and the jets, carrying out
tomographic reconstruction
of the coma

nocmompemo Hasepx. dantly clear that the main

Ho dns cneyuanucmoe share of work related to space
coeep o OHO, experiments is carried out on
4Ymo 0CHOBHAA YACMb Earth. And it covers not only
pabom no npoeedeHuto preparations of spacecraft,
KOCMUYeCcK020 3Kcnepu- scientific hardware and all
MeHmMa npoxooum Ha relevant services, but immedi-
3emne. Usmo omHocumca ate conduct of science space
He MoJIbKO K Nnod20moeke experiments.

Kocmuyeckozo annapama,

Hay4yHoli annapamypel

u 8cex conymcmeyowux

UHXKeHepHbIX cucmem, HO
u HenocpedcMeeHHO K npo-
8edeHUI0 cCamo20 Hay4HO20
Kocmuyeckozo npoekma

CoBpeMeHHBIC HayYHbIE Ha3eMHBIC KOM-
mwiekcel (HHK) — aro, dakTuyeckn, KBUH-
TacceHUs Haubosiee 3hHEeKTUBHBIX TTOIXOA0B
n3 o0sacTh MHGOPMALMOHHBIX TEXHOJOTUIA
U crneiu@uyecKux peleHui, YYUTHIBAIOIIUX
cBocoOpa3ne TMPOBEACHUS KOCMHYECKHMX WC-
CJIEIOBAaHUM.

CpencTBa Ha3eMHOTO HAyYHOTO KOMILIEKca
WCIIONB3YIOTCS U BCeX MpOIenyp, HeoOxo-
IUMBIX IJII OCYIIECTBJICHUS 3KCIIEpUMEHTa,
BKJIIOYAsl OpraHM3allUI0 YIMpaBIeHUS, TPUEM
U 00pabOTKy HayyHOUl WHGpOpMAlMU U TOMY
nono6Hble. HaunHas ¢ cambix mepBbIx a3 Koc-
muyeckoro skcrnepumenTta, HHK cranoButcs
OIHMM M3 OCHOBHBIX MHCTPYMEHTOB, obecIie-
YHUBAIOIINX €ro TpoBemeHue. [Ipum 3ToM, Kak
npaBuiio, 3(POEKTUBHOCTb KOCMMYECKUX MUC-
clIiefOBaHUM B JOCTATOYHO OOJIBIION CTENeHU
orpenesieTcs  (PYHKUMOHAIBHBIMU  XapaKTe-
puctukamu HHK, a uHorma camu mnapame-
Tpel HHK onpenensitor BO3MOXHOCTh 3KCIIe-
pUMEHTA.

OTaen Ha3eMHBIX HAayYHBIX KOMIUIEKCOB —
«MOJIOION TTO0Eer» Ha KOPHSX, YXOISIIUX TITy-
0oko B ucropuio WMHctutryra. B HbIHEIHeM
Bune otaen HHK 6wbu1 coszman B 2014 r. Ha
6a3e jabopaTopuu TNpuéma U oOMeHa Tejieme-
TpU4ecKoil mHpopMarmeir (pyKOBOOUTENh —
JlaBpyceBuy B.B.), nabGopatopuu pa3paGoTKu
M 3KCIUTyaTalliy CUCTEM MPOrpaMMHO-MaTeMa-
TUYECKOTO OOeCIIeYyeHNsT U Tepeaayr HaydYHOU
TeJleMeTpU4ecKoi uHpopMauu (pyKOBOIU-
teap — Hazapos B.H.) u otnena paspaborku
1 0OCTYXKMBAaHUSI MUKPOIIPOLIECCOPHOI TEXHM-
KM U MaTeMaTU4ecKoro obdecrneyeHust (pyKoOBO-
nutenb — Yecanun JI. C.).

O6paboTKa TeleMeTpuiyecKoii MHMOpMa-
LIMM KaK CaMOCTOSITEJIbHOE HalpaBlIeHUE Cy-
mectByeT B MHcTuTyTE ¢ 1966 T. B X0I€ CBOETO
pa3BUTHUS OHO HEOMHOKPATHO IIpeTepIieBao
pasauuyHble MpeoOpa3oBaHus: OOBEAMHSINUCH
Tofipa3AesieHusI, CO3MaBaTUCh HOBBIE CTPYKTY-
pbl. Eciii mcmons30BaTh COBPEMEHHYIO TEPMU-
HOJIOTHIO, TO MOXHO CKa3aTh, YTO Ha TMEPBbIX
3Tanax ObLUIM 3aJI0KeHbI OCHOBHBIC ITPUHIIUIIBI
IMOCTPOCHUSI Ha3eMHOI MHQPACTPYKTYphl, KO-
TOpbI€ MCMOJB3YIOTCS U MO HACTOSIIMA IEHb:

That is why current ground control complex-
es (Russian abbreviation NNK) are practically
the quintessence of the most effective approach-
es in information technologies and special so-
lutions that account for the specifics of space
research.

The equipment of a ground control and op-
eration complexes is employed for all the proce-
dures required for experiments, including mech-
anisms of control, acquisition, and processing of
scientific data, etc. From the very first phases of
a space experiment NNK acts as one of the ma-
jor tools contributing to the project realization.
And normally the efficiency of space research to
a rather great extent depends on functional char-
acteristics of a NNK, and sometimes the NNK
parameters define the experiment capabilities.

The Department of Ground Control and Op-
eration Complexes is a fresh shoot on the roots
that go deep into the history of the Institute. As
it is today the Department was created in 2014
on the basis of the Laboratory of Telemetry Re-
ceipt and Exchange (head — V.V. Lavrusevich),
Laboratory of Development and Operation of
Software and Mathematical Support Systems
and Transfer of Science Telemetry (head —
V.N. Nazarov) and the Department of Develop-
ment and Maintenance of Microtechnology and
Software (head — L. S. Chesalin).

Telemetry processing as a separate discipline
exists in the Institute since 1966. Through its de-
velopment it underwent various transformations:
departments were combined, new structures
created. If we are to apply the modern terminol-
ogy, it can be said that on the first stages basic
principles of ground infrastructure were laid
down, which are still used to this day: geograph-
ically spaced subsystems were created integrating
(with account for technologies of that time) into
a unified information environment, and unique
computer systems were developed.



co3maBauch reorpadudecku  pa3HeCEHHBIE
y3JIbl CUCTEMBbI, OOBEAMHEHHBIE (C YYETOM
YPOBHSI TEXHOJIOTU TeX JIET) B eAUHYI0 UHMOP-
MaIMOHHYIO Cpefly, a TaKXe pa3padaThIBAINCh
YHUKAJIbHbIE BHIYMCIUTEIbHBIE KOMITIEKCHI.

Hawub6oJiee 3HaunMbie COOBITHS TOM SNMOXH
* 1977r. — opraHuzaiusa TepMUHaIbHOMI

cranuun MKHU B LleHTpe nanbHeit Kocmuue-
ckoit ces3u (LIIKC) B EBnaTopum;

* 1978r. — pa3BEpThIBAaHUE HA3EMHBIX
cpencts Ha Ky6e u B bonrapuu;

* 1981r. — pa3BépThIBaHME HA3EMHBIX
cpenctB B Anatutax 1 Hopuibcke;

* 1981T. — co3maHue HaA3eMHOTO ITyHKTA
KM B Tapyce.

Ilpu sTOM pa3pabaTbiBaICh PEBOMIOLIMOH-
HBIE (JJIST TeX JIET) YCTPOIcTBa paboOTHI C MaH-
HBIMU, Ha 0a3e CPEeiCTB MUKPOIJIEKTPOHUKH.
Haubonee spkuii npuMep — JereHAapHbIA
CBUT (CamocTosTeNbHBIN BUACOMHGpOPMA-
LIMOHHBI MHTEPAaKTUBHBIN TepMUHAT), TepBast
OTeYecTBeHHasi paboyvasi MOIelb YCTPOMCTBa
00paboTKu U300paKeHuil, pa3zpaboTaHHbBIN
B 1983r. B na6opatopum JI.C. YecanuHa
B Koornepamuu ¢ KUpOBCKUM TMOJIUTEXHUYE-
ckuMm uHcTUTYTOM (KupllU, HblHe BsiTckmit
TOCYIapCTBEHHBI TEXHUYECKUIl YHUBEPCHU-
tet, Bar['TY). g aroit cuctembl ObUT TMOA-
TOTOBJIEH KOMIUIEKC IPOTPAMMHOTO obectie-
yeHus. Cucrema 00pabOTKM U300paKeHUI
CBUT cepwmitHo BoITTycKasiach POpyH3eHCKUM
OKBb MKMU coBmectHo ¢ Tammuanckum CKbB
«[le3unterpatop», a 3ateM — B bonrapuu
npennpusatieM «W3om». B 3TOM yCcTpoiicTBe
BIepBble B MHpe ObUIa OCYIIECTBIEHA CXeMa
MPSIMOTO BUAEOIOTOKA U3 ONEPaTUBHON BUIE-
ONaMsITH K IIBETHOMY ITUCIUICIO Yepe3 CIelu-
aJIbHBIN TIpoIIecCOp 0OpabOTKM BUAECOMAHHBIX,
MO3BOJISIBIUMIA BBIMOJIHUTh Ha JIETY BbIYMCIIE-
HuUd 1ig otobpaxeHus uHdopmanuu. C noss-
JIEHWEM W DPACIIPOCTPAHEHUEM ITePCOHATBHBIX
KOMITbIOTEPOB K 1987 1. Obl1a pa3paboTaHa ciie-
nytoniast MogrdbuKaIuys ycTpoiicTBa — MUKpO-
CBUT, npencrasisBias coboii oqHy U3 Tep-
BBIX B MUpE IJIaT BHYTPEHHEro rpaduueckoro
akcesneparopa s IBM-coBMecTUMBIX mepco-
HaJTbHBIX KOMITBIOTEPOB.

Cucrema CBUT wucrionb3oBajach B MEXIy-
HapomHOM TpoekTe «Bera» mo ucciemoBaHUIO
Benepsl 1 koMeThl [anest u cTana rmepBbIM OT-
HOCHUTEJIbHO MAacCOBBIM HHCTPYMEHTOM LHU(d-
poBoit 00pabOTKKU M300pakeHU, TTOTYYeHHBIX
n3 KocMoca. C e€ momoIpio 00pabaTeiBaInCh
IaHHbIe B2KcrepuMeHToB «Pemukr», «laM-
ma-1», «MHuTepmok», «®parment» u ap. Co-
BMECTHO C BEHIepCKUM CHeIMalINCTaMU ObUI
pa3paboTaH W M3TOTOBJIEH OOPTOBOI BapHaHT
CHUCTEMBI ISl TIPUMEHEHMSI B COCTAaBE PEHTIe-
HOBCKOI1 oOcepBaropun monynst «KBaHT» Ha
KocMmuueckoi ctaHuuu «Mup». CBUT u Mu-
kpoCBUT ycrenrHo MCIoNb30BaUCh B CITyXK-
0ax KOHTPOJISI U OXpPaHBbl OKPYXKAIOIIeH Cpembl
METOJaMU a3pOKOCMUYECKOTO MOHUTOPUHTA.

The most significant events of that period

* 1977 — setup of the IKI Terminal station
at the Deep Space Communication Centre
(TsDKS) in Eupatoria;

* 1978 — deployment of ground systems
abroad, in Cuba and Bulgaria;

+ 1981 — deployment of ground systems in Ap-
atity and Norilsk;

» 1981 — setup of the IKI ground station in Ta-
rusa.

Also groundbreaking (for the time) data
handling devices were developed based on mi-
croelectronic techniques. The prime example
is the legendary SVIT (Self-contained Video
information Interactive Terminal), the first do-
mestic working model of an imaging device,
designed in 1983 in the Laboratory of L. S. Che-
salin together with the Kirov Institute of Tech-
nology. A software package was developed for
the system. The SVIT image processing system
was commercially produced by the OKB IKI
(Frunze) in partnership with the Tallinn De-
sign Bureau Desintegrator, and later in Bulgaria
by the Izot company. The system was the first
in the world to send a direct video stream to the
color display from video random access memo-
ry via a designated video data processor, which
could carry out computations for displaying in-
formation on the fly. With the introduction and
distribution of personal computers in 1987 the
next version was designed — MicroSVIT, which
represented one of the first integrated graphics
accelerator cards in world for IBM-compatible
personal computers.

The SVIT system was utilized in the interna-
tional Vega project for investigations of Venus
and Comet Halley and was the first relatively
mainstream instrument for digital processing of
images acquired from space. It was used to pro-
cess the data of the Relikt, Gamma 1, Intershock,
Fragment, and other experiments. In collabora-
tion with the Hungarian specialists an onboard
system configuration as part of the Kvant module
X-ray observatory aboard the Mir space station
was designed and manufactured. SVIT and Mi-
croSVIT were successfully utilized in aerospace
environmental monitoring services.

aBTOMATH3AL"
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Cucmema o6pabomku uso- The SVIT image processing
6paxceHuti CBUT system

LleHmp 0aneHeli
Komu4eckol ceAasu
6 Eenamopuu

Deep Space Communication
Centre in Eupatoria

Ha3zemHbIli KomnaeKkc Ground control centre in Cuba

Ha Ky6e

HaszemHeiti komnnekc KU
6 Tapyce

IKI ground station in Tarusa
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Modzomoeka k pabome
HA3eMHO20 nyHKma
coemecmHo ¢ 6onzapckumu
cneyuanucmamu

Setting-up of a ground station
together with the Bulgarian
specialists

Ans acmpogusuyeckoii
obcepeamopuu
TPAHAT 6 1989 2. 6bina
paspabomaHa cucmema
c6opa uHpopmayuu —
npu6op «Cmapm». B Heli
8nepeabie 8 Mupe 6bin
ucn 6op
HakKonumesnb OAHHbIX
Ha Xécmkom Oucke.
Cucmema nokasana
8bICOKYI0 HA0EXHOCMb
unpopabomana Ha 6opmy
yenoe decamunemue
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For Granat astrophysical
observatory a data collection
system — Start instrument —
was designed in 1989. It was
the first in the world to utilize
an onboard data acquisition
system on a hard drive. The
system proved highly reliable
and operated for over 10 years

AmmapaTtypa Hallla TpuMeHeHue U B OMo-
Joruu (obecrieyeHUe POCCUMCKOro ydyacTust
B TIpOEKTe paciimdpoOBKM T€HOMa YeJIOBEeKa),
1 B MeAulMHe (METOIUYeCKrue pa3paboTKu
IIJIS1 YJIBTPa3BYKOBBIX UCCIEN0BAHUI U O Talb-
MOJIOTUM), ¥ B ONTHUYECKOW aCTPOHOMWH, W B
MMKPOCKONIMYECKUX HCCAENOBaHUSAX B Mare-
PUATIOBEICHUU U B IPOMBIIIIJIEHHOM KOHCTPYH-
pOBaHUU, U B YIPABICHUU TEXHOJIOTUIECKUMM
MpoLeCCaMM.

Ilo3xxe Ha ocHOBe cHOPMUPOBAHHON Ta-
pamuTMBI TIOCTPOEHMST HA3eMHBIX KOMIUIEKCOB
KakK pacnpene€éHHbIX MH(GOPMAIMOHHBIX CH-
cTeM ObLT peajiM30BaH IeJIbIil PSIT TPOSKTOB.

Hdna mnpoekta oOcepBatopuu «PeHTren»
Ha Monyne «KBaHT» OpOMTaJIBHON CTAaHIIMU
«Mup» Obula pa3paboTaHa cucTemMa BBoOIA
u 00paboOTKU TeseMeTprieckoil mHpopMaum
HUXHero ypoBHs. KoMruieke 6a3upoBajcsi Ha
MUHU-DOBM Tuma «DnekrpoHmnka-60» u mpu
HU3KOM CTOMMOCTU KaK CaMOil CHCTEeMbI, TaK
U e€ BKCIUlyaTaluuu o0Jaga JydiiuMu (yHK-
LIMOHAJTBHBIMA ~ XapaKTePUCTMKAMU  Cpenu
CYILIECTBOBABIIMX B TO BpeMsl aHAJOTMYHBIX
CHCTeM, ITOCTPOEHHBIX Ha 6a3e KOMITbIOTEPOB
cepuun EC-DBM u M-6000. Cucrema Takxke
ObLJIa BBElIcHA B 9KCITIyaTalldio HAa TePMUHAJIb-
Hoit cranuuu Mucturyra B IJIKC u B TeueHue
HECKOJIbKUX JIeT 0OecIieurBaia paboThl MO pa3-
JIMYHBIM HAyYHBIM KOCMUYECKUM TPOEKTaM
(«®o6oc», «AKTHBHBIIN» («HHTEpKOCMOC-24»),
AIIEKC («MHTepkocmoc-25»), «KOPOHAC»
u «['panat»), 1oka He OblJla 3aMeHeHa Ha OoJiee
COBEpPIIEHHYIO.

JJIsT MCTTBITaHWIT KOMILJIEKCOB HAayYHOM ar-
maparypel ipoekra @OBOC (1988) paspabo-
taHa cucreMa POMAHC (pacnpenenéHHas
oOpabaTbiBalolliasi MOOWJIbHASI  apXUTEKTypa
Ha3eMHBIX CpeACTB). B €€ oCHOBY OBUIM TI0JIO-
JKeHBI METOIbI paclpeacaéHHoi 00paboTKu —
BBIYMCIIUTELHBIII  KOMIUIEKC TTOCTPOGH Ha
6a3ze HeCKOJIbKNX MUKPODBM, 00beIMHEHHBIX
Mexay co0oit. IToMMMO HM3KOIl CTOMMOCTH,
BBICOKOU TIPOU3BOAUTEILHOCTY U HANEXKHOCTH
(3a CYET «TOpSAYETO» Pe3ePBUPOBAHMS KOMITBIO-
TEPOB KOMILUIEKCAa) 3TO pellieHue 00eceuynBaio
MOOWJIBHOCTh CHUCTEMBI U TTO3BOJISIO TTPOBO-
uTh ¢ €€ momoubio padorsl B MKW, Ha Koc-
moapoMme baiikoHyp u TepMuHaIbHOR cTaH-
muu B LIJIKC.

Cos3maHHas cucTeMa 3KCIpecc-00paboTKu
npoekra «AKTUBHBII» — «POMAHC-AKTHB-
HBI» TIO3BOJIsIIA IPUHUMATh HAYIHYIO TeJleMe-
TpUYECKYI0 MH(OpMaILMIO, 3aliCchiBaTh €€ Ha
MarHUTHbIE HOCUTEIU, 00padaThiBaTh U BU3ya-
JIM3UPOBATh PE3yIbTAaThl B TpadUIeCKOM BUIE
B peaJbHOM MaciuTabe BpeMeHH. TeneMeTpu-
yeckas MHGOpMalLMs TPUHUMAIach Ha MyHKTE
MU3MWUPAH, Tpouuk, a BU3yaJu3upoBajach
B UKHM PAH. O6paboTka rmpoBoaniach mapa-
JIEIbHO Ha BBIYMCIWUTENbHBIX KOMILIEKCAX
B USBMUPAH u UKM PAH. UtoObl ymMeHb-
IIATh CPOKM M CTOMMOCTb pa3pabOTKM U IKC-
TUTyaTallMu, a TakXe YIPOCTUTh UX, B CUCTEMeE
HCIIONB30BAIMCh MeEXIyHapOmHble WHGOpMa-

The hardware was also employed in biology
(backing the Russian contributions to the Hu-
man Genome Project), in medicine (method-
ological developments for ultrasonic investiga-
tions and ophthalmology), in optical astronomy,
in microscopic analysis in materials science and
engineering, and in process operations.

Later, followingt he shaped paradigm of set-
ting up ground stations as distributed informa-
tion systems, multiple projects were realized.

For the Rentgen observatory project fitted
on the Kvant module of the Mir space station a
lower-tier telemetry input and processing system
was developed. It was based on a minicomputer
(similar to Elektronika 60) and, given the low
costs of the system itself and its operation, it
possessed the best performance among the simi-
lar system based on the ES-EVM and M-6000
series. The system was also implemented at the
IKI Terminal Station in Deep Space Commu-
nication Centre and supported for several years
the activities for various space research proj-
ects (Phobos, Aktivny, APEKS, Koronas, and
Granat), until it was replaced with a more ad-
vanced one.

To test the Phobos project (1988) hardware
a ROMANCE system was developed, which is
short for Distributed Processing Mobile Ground
Site Architecture (in Russian). It was based on
distributed processing methods — computer
complex consisting of several minicomputers
combined. Besides its low cost, high capacity,
and reliability (due to hot standby of the com-
puters) this solution provided the system mobil-
ity and allowed for operations at 1KI, Baikonur
Cosmodrome, and the Terminal Station.

The created on-site processing system for
the Aktivny project — ROMANCE-Aktivny, en-
abled to receive telemetry, record it using mag-
netic carriers, process, and display the results in
real time. Telemetry was received at IZMIRAN
(Troitsk) and displayed at IKI. Processing was
done in parallel with the IZMIRAN and IKI
computer systems. To reduce timeframes and
costs of development and operation, as well as
to make it simpler to use, the system employed
international information standards and for-
mats. In order to attain higher efficiency, com-
puters of various architectures were applied. To
receive data, control radio-frequency complex,
and process lower tier the LSI-11 series comput-
ers were utilized; to process top tier, control the
overall system, and compute the PDP-11 series
computers and special matrix processors were
utilized; to display the results the IBM PC-com-
patible computers were used. For the data ex-
change between IZMIRAN and IKI a dedicated
information channel was arranged; the comput-
ing facilities located in these subsystems were
combined via the DECNet network, and the
displaying computers were integrated in a lo-
cal NetWare network. It was the first time when
the Russian space industry employed the global
network technologies for the on-site processing
systems. The system attracted a lot of attention



IIMOHHBIE CTAaHMAPTHI U dopMatel. s mocTu-
XKEeHUsI HauboJjiee BBICOKON 3(hGEKTUBHOCTU
MPUMEHSUTCh KOMITBIOTEPBI Pa3TUIHBIX apXu-
tekTtyp. Tak, misg mnipuéma uHGOpMaLUU
U YMpaBICHUS PaJUOYaCTOTHBIM KOMILIEKCOM
1 00pabOTKM HMXHETO YpPOBHSI MCITOJIb30Ba-
JMch KomIboTepbl Tuma LSI-11; o6paboTtka
BBICOKOT'O YPOBHSI, YIIPaBJIE€HUE BCEM KOMILIEK-
COM U BBIYMCJICHUS BBITTOJHSUTMCH Ha KOMITBIO-
tepe tina PDP-11 um cneunanusmpoBaHHbBIX
MaTpPUYHBIX MPOLIECCOpaX; BU3yalu3alusl pe-
3yJAbTaTOB ocyllecTsisuiack Ha IBM  TIK-
COBMECTHMBIX KoMITbloTepax. st ooMeHa wH-
dopmanueit mexny UISMUPAH n UKW PAH
OpPraHu30BaH CIHEUMAIU3UPOBAHHBIN  KaHal
CBSI3M; BBIYUMCIUTENBHBIE CPENCTBA, PACITONIO-
JKEHHBIE B 3TUX Y3J1aX CUCTEMbI, OObEANHSIITUCH
no cetu DECNet, KoMIbloTepbl BU3yaau3aluu
o0benuHeHbl B JIOKaJdbHYIO ceTb NetWare.
BnepBbie B OTe4eCTBEHHOM KOCMMYECKOI OT-
paciau IJIsi CUCTEM 3KCIpecc-o0paboTKu Mpu-
MEHSUTNCh MUPOBEIE ceTeBble TexHoIornu. Cu-
crema BbI3Basia 0OoBIION MHTEpeC
Yy CIHELMAINCTOB OTEYECTBEHHBIX U 3apyOex-
HBIX OPraHM3alMii KOCMUYECKOl OTpaciu, 00-
cyXIajach Ha pPasIUYHbIX MEXIYHAPOIHBIX
KoHpepeHuusx, a B 1990 r. 6buta ycTaHOBIEHA
Ha TyHKTe TIpréMa HAyIHOU TeJIeMeTPUIeCKOn
nHpopManuu KyouHCKOI akageMU HayK.

ITpobGaemsbl ¢ (pruHAHCMPOBAaHUEM KOCMUYE-
CKOI1 OTpaciu B II€JIOM HEe MOTJM He CKa3aTb-
csg Ha otaene. MHorue CHelMaJIMCThl YUUIA
u3 HMHctutyTa, TEMI TEXHUYECKOTO IEepEBO-
opyxxeHus cHU3WICS. B otnene ocranvch b
SHTY3MACThl KOCMMYECKUX HCCIENOBaHUI, HO
atMocepa uccienoBaTebcKoil paboThl, He-
opMaNbHBIN TTOIXOM K pa3paboTKaM U IyX UC-
TUHHOTO TBOPYECTBA MPOAOIKAIU MPUBJIEKATh
MOJIONIBIX YUYEHBIX W crnenuanuctoB. B 1993—
1994 rr. B oTHEN MpUIIUTA TIJIesiIa BEITYCKHUKOB
MI'Y, MU®U u npyrux ecTeCTBEHHOHAYYHBIX
U TEXHUYECKUX BY30B, KOTOPBIE CErOfHS CO-
CTaBJISIIOT OCHOBHOM KOCTSIK pa3paboTYMKOB.

Peanuzanust moctaBieHHBIX Mepen OTAeIOM
3aMa9 B TSKETBIX (DMHAHCOBBIX YCIOBUSIX IO-
TpeboBajia TOMCKAa HOBBIX HE TOJBKO 3(deK-
TUBHBIX, HO U HEJOPOTUX pelieHuit. OcobeHHO
SIPKO 3TO TPOSIBWIOCH MPU CO3JaHUM Olepa-
TUBHOTO WHGOPMALIMOHHOTO KOHTYpa TMPOeK-
ta UHTEPBOJI (1995-2000). Ero ocoGeH-
HOCTU — 0O0JiblIMEe O0BEMBI TaHHBIX C YETBIPEX
KOCMHMYECKUX alllapaToB, Pa3HOPOIHAs Hay4-
Hasl anmapaTypa, a TakXKe 3HauWTeJbHOE YHUC-
JIO OTEYECTBEHHBIX U 3apyOeXXHbIX YUaCTHUKOB
mpoekTa. Bc€ 31O MpuBENno K co3maHuIo Oeii-
CTBUTEJIbHO YHUKAJIbHOM TI0O CBOMM XapaKTepH-
CTUKaM CUCTEMbI, B KOTOPOI UCIOJIb30BAJINCH
HAKOTUIEHHBII OMBIT MPEIBIAYIINX Pa3paboToOK
U COBpEMEHHbIe MH(MOPMAIMOHHBIE TEXHOJIO-
ruu. CoznaBaeMble B paMKax 3TOrO IMPOEKTa
KOMIUIEKCHI HE MMEJIM aHaJIOTOB B OTEUECTBEH-
HOM KOCMUYECKOH OTpaciu.

from the specialists of the Russian and interna-
tional space organizations and was discussed on
various international conferences, and in 1990 it
was implemented at a science telemetry point of
the Cuban Academy of Sciences.

The financing problems in the space indus-
try in general had their effect on the Depart-
ment too. Many specialists left the Institute, the
rate of technical upgrading reduced. Only the
enthusiasts of space research stayed in the De-
partment, however the atmosphere of research,
informal approach to development, and spirit
of genuine creativity continued to attract young
scientists and specialists. In 1993-94 a galaxy of
graduates from MSU, MEPhI, and other sci-
entific and technical institutions joined the De-
partment, who today constitute the backbone of
the developers.

Realization of the tasks set before the De-
partment in difficult financial conditions re-
quired the search of new effective, but inexpen-
sive solutions. It was especially apparent during
creation of the real-time data loop for the Inter-
ball project (1995—2000). Its specifics were large
volumes of data from four spacecraft, diverse
hardware, and a significant number of Rus-
sian and international participants. It led to the
creation of a system truly unique in its charac-
teristics, and which drew on the accumulated
experience of the previous developments and
employed modern information technologies.
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Multiprocessor hardware and
software complex for science
data collection (MAKP-SNI),
developed at the Laboratory
under the supervision of

L.S. Chesalin in 1993, for

an automated station of
integrated observations, which
is a part of the Geophysical
observatory in the Kamchatka
seismically active region
(ground survey of seismic

and seismo-electromagnetic
phenomena). The complex is
designed to collect geophysical
data from 8 instruments, with
each serviced by three ADCs
and including calibration
facilities. The data of each
instrument is transferred via

a cable over a distance of
approximately one kilometer
and acquired by the central
control system. The data
collection is done around the
clock in accordance with the
predetermined operating
modes. The system is designed
to operate in the field and
with unqualified personnel or
without maintenance
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In 1995 the Laboratory
completed development
of the SSNI-IKI onboard
science data collection
system designed to col-
lect information of the
scientific hardware on the
Tail and Auroral probes of
the Interball project (right)
and organize data flow to
downlink directly to Earth
if radio link is available or
record it for subsequent
downlink if communica-
tion is unavailable. The
most significant advan-
tage of the system with
regard to the space experi-
ment turned out to be its
software flexibility, which
allowed for changes of
operating modes dur-

ing the flight and was
typically unavailable for
global systems. As a result
the service logic for some
instruments was modified,
leading to collection of
the data, which would
have been lost due to
off-nominal operation of
the instruments. Also the
software was corrected
minimizing the damage
from single random
failures induced by the
effect of highly charged
particles on RAM

In 2011 a new version of
the system was developed,
SSNI-2, as part of the
Plasma-F system (Spektr-R
spacecraft) for solar wind
investigations (left). The
system is designed to sup-
port the laboratory in its
investigation of solar wind
plasma in the near-Earth
environment, and collect,
process and store the
data from the BMSV solar
wind monitor and MEP 2
energetic particles ana-
lyzer with unique timing
resolution, which allows
for acquiring background
information and selecting
intervals for detailed data
collection. The complete
science data volume of
the Plasma-F system

is stored in the SSNI-2
onboard memory array.
Itis archived for random
access and transfer to

the telemetry system of
the RadioAstron satellite.
During development a
self-healing capability
was designed in the SSNI-
2 in case of failures. The
incorporated modification
facilities provide for on-
the-fly modifications to
the system while in opera-
tion. The system flexibility
and reliability enable to
efficiently service the
instruments depending on
the current situation

Bopmoeas cucmema c6opa
Hay4Hol uHgopmayuu
CCHU-UKU

SSNI-IKI onboard science data
collection system

Oco060 crienyeT OTMETUTh pa3paboTaHHBINA
A.E. TpeTbsIKOBBIM METOJ MpOTrpaMMHOIN 00-
paboTKU BXOZHOTO TEJIEMETPUYECKOTO CUT-
HaJla, HA OCHOBE KOTOPOTo ObLI CO3MaH DS
CHCTEM BBOJIa W PETUCTPALMU TeJleMeTpuye-
CKOil MH(MOPMAaINKU C YHUKAIbHBIMU HE TOJBKO
(YHKIIMOHAIEHBIMUA, HO W YKOHOMHUYECKUMU
XapakTepucTuKaMu. PerieHusi, TmpeiaraeMble
OTIEJIOM, OBLIM HACTOJNbKO HETPAIWLIMOHHBI,
YTO 3a4acTyl0 He MPUHUMAIUCH MO MCUXOJIO-
TMYecKuM TnpuanHaMm. Hampumep, mis mpemo-
CTaBJIEHUSI DKCIEPUMEHTaIbHOI WHGOpMa-
1IMHU, TIOJly4YeHHOU B xone ucnbiTanuii B HITO
uM. C.A.JlaBouknuHa, TpeGOBaJICS JUIIb OIUH
ornepaTop M OAMH MEPCOHAbHBIN KOMIIBIOTED
(B OOBIYHOI cxeMe TpebOoBaoCh OOJbIIOE KO-
JIMYECTBO aIapaTypsl U JIIONEH, a Ui TOCTaB-
KU MarHUTHBIX JIEHT OTIPABJISLIU TPY30BUK).

Cucrema «POMAHC-UHTepOoI»  crana
HanboJiee COBEPIIEHHOW CHUCTEMOU TeX JIeT
U BO MHOTOM OIpeneauiaa TMPUHIUIBL TO-
CTPOEHUS CUCTEM [UISl TMOCJIENYIOIIUX MPOeK-
ToB («Mapc-96», «®oboc-I'pyHT», «Pamuo-
AcTpoH»). A €€ dJIeMEeHTbl ObUIM BBEIACHBI
B 3KCIUTyaTallMIO U C YCIIEXOM MCIOJIb30BAIUCH
B KocMuueckux opranusauusx ®panuuu, Ye-
XUU, ABCTPUU U APYTUX CTPAH.

Hosgeitmass ucropusi otnena, nmoxaityi, or-
KpBIBAaeTCSI HA3eMHBIM CETMEHTOM ITPOEKTa
«Hubuc-M».

OCHOBHBIM MOTMBOM pa3pabOTKKM KOHIEI-
TyaJIbHOTO O0JIMKAa HAa3eMHOTO CerMeHTa Ipo-
ekta «4Yubuc-M» cTano CHUXKEHHUE 3aTpaT Ha
CO3aHMe W S9KCIUTyaTalMilo OOpTOBBIX W Ha-
3eMHBIX CPEICTB MPOeKTa Ha (hOHE Pa3BUTHIX
(YHKIIMOHAJIBHBIX BO3MOXHOCTEN M MpU Haf-
JiexXaleM YpOBHE HallEXKHOCTH.

DU uenu ObBUIM OOCTUTHYTHI Oiaromapst
MPUMEHEHUIO YHUMDUUHUPOBAHHBIX CPEACTB,
a TAaKXKe COBPEMEHHBIX MOIXOM0B, MOJYYUBIIAX
LIMPOKOE PACIPOCTPAHEHUE B PA3IUIHBIX 00-
JIACTSIX MPOMBILUIEHHON AESITeIbHOCTH U HC-
cJleloBaTeIbCKUX paboTax.

bopmoeas cucmema c6opa
Hay4HoU uHpopmayuu
CCHU-2

SSNI-2 onboard science data
collection system

Of special note is the method of software
processing of incoming telemetry signals de-
veloped by A.E. Tretyakov, which was used as
a basis for a number of telemetry input and re-
cording systems with unique functional and eco-
nomic characteristics. The solutions provided by
the Department were so uncommon that were
often rejected for psychological reasons. For
instance, supplying experimental information,
obtained during testing at the Lavochkin As-
sociation, required only one operator and one
personal computer, whereas a typical setup em-
ployed a large amount of hardware and people,
with a truck used to deliver magnetic tapes.

The ROMANCE-Interball system was at the
time the most advanced system and in many
ways defined design criteria for subsequent proj-
ects (Mars-96, Phobos Sample Return, Radio-
Astron), and its elements were commissioned
and successfully implemented in space organi-
zations of France, Czech Republic, Austria, and
other countries.

The recent history of the Department prob-
ably begins with the ground segment of the Chi-
bis-M project.

The underlying motive for development of
the Chibis-M ground segment concept was re-
duction of costs for designing and operating the
project onboard and ground facilities, but with
advanced operating capabilities and adequate re-
liability.

These objectives were completed through ap-
plication of standard facilities and modern ap-
proach that became a frequent practice in vari-
ous areas of production and research.
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Data exchange pattern of the
Chibis-M project

IIpu 5TOM Ha3eMHBI CETMEHT MPOEKTa 00e-
CIIeYMBAET He TOJBKO WH(MOPMAIMOHHYIO IO/~
JIEPKKY OIEpalnii 10 YIPaBIEHUI0 KOMILIEK-
coM GOpTOBOM ammapaTypbl U KOCMHUYECKUM
armapaToM B 1IeJIOM, HO U (hOPMUPYET STUHYIO
WH(MOPMAIIMOHHYIO MH(PPACTPYKTYpY MPOEKTa,
MO3BOJISIST YIPOCTUTD IpOLienypbl MHOOpMAII-
OHHOTO OOMEHa Ha BCeX 3Talax XM3HEHHOTO
LIKJIA MACCUH.

3amayM  MHTETrpallMM  BBIYMCIIMTEIbHBIX
KOMITOHEHT CerMeHTa pelnaloTcsl Ha OCHO-
BE CEPBUC-OPMEHTHPOBAHHON apXUTEKTYPhI
(COA-SOA), coBpeMeHHbBIX MOIXOMOB, HANPpU-
mep, Taknx Kak ESB (Enterprise Service Bus).
OpraHu3aiusi KOJUIEKTMBHOI pabOThl yd4acT-
HHUKOB IPOEKTa 00ecIeYnBaeTCs UCIOIb30Ba-
HUEM TaKuX TexHoJjiornii kKak Web 2.0 u Social
Networks. Cnennduyeckue st KOCMUYECKUX
HCCICIOBAHUI BOIMPOCH HMHMOOPMAILIMIOHHOTO
B3aUMOJIEHICTBUST PEIIAOTCA C TMPUMEHEHUEM
mexayHaponHbix ¢opmaroB CCSDS (Consul-
tative Committee for Space Data Systems).

YcnemHslii  OMBIT  peaqn3aluy  MPOeKTa
«Yubuc-M» cran OCHOBOIl HayYHBIX HazeM-
Hbix KomiiekcoB (HHK) npoekroB «Criekrp-
PI» u <«Dx3oMapc», TOOTOTOBKAa KOTOPBIX
3aBEPIIAECTCS B HACTOSIILEE BPEMSI, M [UISI LIEJIO-
ro psifia MEePCHeKTUBHBIX HAyYHBIX KOCMMYE-
CKUX TPOEKTOB, B TOM YHCJIe MUKPOCITYTHUKA
«Yubuc-AU».

And the project ground segment not only
supports control operations of the onboard
equipment and spacecraft in general, but also
forms a unified information infrastructure, sim-
plifying data exchange procedures on all stages
of the mission lifecycle.

Integration of the segment computation com-
ponents is carried out based on the service-ori-
ented architecture (SOA) and modern approach,
such as Enterprise Service Bus (ESB). The proj-
ect collaboration is arranged through such tech-
nologies as Web 2.0 and social networks. The
problems of information interaction, specific to
space research, are resolved with application of
the international Consultative Committee for
Space Data Systems (CCSDS) formats.

Experience in the successful implementation
of the Chibis-M project was used for NNKs of
the Spekrt-RG and ExoMars projects, which are
nearing completion, and will be used for per-
spective space research projects, including the
Chibis-AI microsatellite.

PasHoo6pa3sue hopm Diversity in displaying
omob6paxxeHus information for the NNK
uHpopmayuu primary operating cycles
npu peanusayuu 0CHOBHbIX

paboyux yuknoe HHK
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IKI RAN ground station
in Tarusa

Modzomoeka Preparation of data

cpedcme ob6pabomku processing and displaying
uomob6paxeHus equipment for perspective
uHopmayuu ona space projects
nepcneKmMueHbIX HayYHbIX

KocMuyecKux npoekmose

HazemHble Hay4HbIE KOMILJIEKCHI IMPOEKTOB
«Cniektp-PI'» u «Bx3oMapc» otiMuyaer omgHa
ocobeHHocTh — 3T0 coBMecTHhie HHK ¢ 3a-
pyO6exXHBIMU MapTHEpaMU. XOTSI OOJIBIIMHCTBO
JNPYIMX HayYHbIX KOCMMYECKUX MPOEKTOB TaK-
Xe OBUIM MEXIyHAapOOHBIMH, HO B HUX IIOI-
pa3yMeBajioch ydacTue 3apyO0eKHBIX HayYHBIX
IpyNI B OTEYECTBEHHOM IpPOEKTe. A B JaHHBIX
clyJasgX peyb MIOET O TOJHOLIEHHOM paBHO-
MpaBHOM yJyacTuu B oobennHéHHOM HHK (He-
KOTOpbIl poobpas oobenuHéHHOoro HHK 6pu1
peanus3oBaH B Ipoekrte «MHTEpOOI» COBMECT-
HO ¢ HalmoHaabHBIM LIEHTPOM KOCMUYECKUX
ucciaenoBanuii ®panuum, Centre National
d’Etudes Spatiales — CNES).

C omHOWM CTOPOHBI, 3TO MAET psiA MPEeUMy-
IIECTB: pa3iejieHue MPOU3BOJACTBEHHBIX U hu-
HAHCOBBIX HArpy3oK, B3aMMOIOITOIHSIOIICEe
HCTIOJIb30BAaHUE TEXHOJIOTHI, 0OMEH HOBBIMU
naesMu 1 monxonamu. C Apyroil CTOPOHBHI,
MOSIBJISIIOTCS  TIPOOJIEMBI  OpraHU3allMOHHO-
o XapakTepa, COBMECTHMOCTH TEXHUYECKUX
permieHui u np. TeM He MeHee, C ITOMOIIBIO
COBPEMEHHBIX TEXHOJIOTMA M METOIOB WHTE-
rpaly OHM YCIEIIHO PEeIlaloTCs, YTO CO3MaET
B HWHcTHTyTE O€CLIEHHBII HayYHO-TeXHUYE-
CKMIii 3amen st OyAyIIMX COBMECTHBIX Hayd-
HBIX KOCMUYECKMX MUCCUIA.

The ground science complexes for the Spe-
ktr-RG and ExoMars projects have one distinc-
tion — they are created in collaboration with the
international partners. Though the majority of
other space projects were also international, they
actually involved international science teams
in a Russian project. However in this case it is
about full and equal participation in joint NNKs
(a prototype of a joint NNK was realized during
the Interball project in collaboration with the
National Center for Space Studies (CNES) in
France).

On the one hand it offers many advantages:
sharing of production and financial loads, mu-
tually supportive utilization of technologies,
exchange of new ideas and approaches. On
the other hand it involves organizational is-
sues, compatibility of engineering solutions,
etc. Nevertheless with the help of modern tech-
nologies and integration methods they are suc-
cessfully resolved, laying the invaluable tech-
nological groundwork in the Institute for future
joint space research missions.



