JlaGopaTopus MeTOI0B ONTHKO-(PH3HIECKUX
usmepeHuii (571)

JlaGopaTopus MeTOIOB U CPEACTB OOPTOBOI
00padoTKu Buaeounpopmamuu (572)

Ontuko-dusnmueckuit ornen MKU PAH
(O®O UKH) — omHO W3 cTapelIux ITOd-
paznenenuit MKW, Bemyuiee cBOIO HCTOPHUIO
¢ Havyaima 1970-xrr., Korma TMOSBISIOCH CO-
BEpIIIECHHO HOBOE HAIpaBleHUE KOCMUYECKUX
WCCIIEIOBAaHUI — U3YydeHHe 3eMJIM U3 KOCMO-
ca C TOMOIIbIO CIYTHUKOB IHWCTaHIIMOHHOTO
3oHaUpoBaHus. HauaB ¢ co3manusi IpubGOpOB
IJIsT HAOJIIOACHUI Halllel IUIAHEThI, OTAEN I10-
CTENEHHO paclIUpsl TeMaTUKYy CBOUX paboT
B COOTBETCTBUU C aKTyaIbHBIMUA TTOTPEOHOCTSI-
MH Kocmudeckoit orpaciu. Onbir OPO MKHU
MOKAa3bIBaCT, UYTO MPAKTUYECKU BCE €ro pas-
paboTKM, HauaThle B MHUIIMATUBHOM TIOPSIIKE,
BOCTPEOOBAICH TOBOJIBLHO OBICTPO.

Cospnarenb U MEpBbIii PYKOBOIUTENb OTIEA
B TO# (hopMe, KOTOpasi CYIIECTBYeT CETOHS, —
npodeccop Au JIbBoBuu 3uman (16.09.1922—
21.08.2009), yuactHuk Benukoit OteyecTBeH-
HOU BOWHBI, KaBaJjiep YeTHIPEX OOEBBIX OPIEHOB
¥ 14 menaneil, MOYETHBIN ITYpMaH TpakKmaaH-
CKOi aBuanuu, JaypeaT locymapcTBeHHOI
npemunn CCCP, 3aciyXeHHBII NesiTelb HayKU
Poccuu. Ero mpeemuukom c¢ 1988 mo 2002 r.
cran Ienpux ApoHOBUY ABaHECOB, J-pP TEXHUY.
HayK, Tpodeccop, 3acIyKeHHBIN nesTelb Ha-
yku P®, Jlaypeart Jlenunckoii mpemun. C 2002
1o 2011 r. otaenoM pyKoBOOWI KaH. (pu3.-Mar.
Hayk Anaroymii AHaToibesnd @opm. C 2011 .
OTIEeJ BO3MIABMISIET KaHA. TeXHUY. HayK Poman
Banepbesny becconos.

C Havana 1970-X IT. uccaemoBaHUS TOKa-
3aJiM, YTO HaOJIoJeHMs] M3 KocMoca — Oora-
TEUIIUI UCTOYHUK UHDOpMaLMK o 3emiie, HO
emeé TPeNCTOsTIO TIOHSTh, KaK WCIOJIb30BaTh
BO3MOXHOCTM KOCMMYECKHX aIllaparoB, 4TO-
Obl MOJIyYUTh HYXHbIe cBeleHusi. Pabora Ha-
yaylach C aHajin3a MoTpeOHOCTel HAyK O 3emite
C TOYKU 3peHUs] BUAOB U (POPM CITyTHMKOBOI
WHGOPMAIIKY, BO3MOXHOCTH WX ITOJYYCHUS
C TIOMOIIIBIO CYIIECTBYIOIINX KOCMUUECKUX all-
naparoB, OIpeaesieHus] TpeOoBaHU K OOpTO-
BOI aImmaparype Ut coopa TaHHBIX, CPEACTBAM
npuéMa M paclpocTpaHeHUS WHGOPMAIVHN.
Otaen MHUIMUPYET CO3MAHME HOBOM MEXIy-
HapoAHOW pabouell TpyImbl MO AUCTAHIIMOH-
HOMY 30HIMPOBaHMWIO 3eMJIM B paMKax COBeTa
«AnTepkocmoc». B 3TO ke Bpemst co3maércst
xypHan «McciaenoBanue 3emMyiM U3 KOCMOCa»,
MPOBOAATCS TIepBbIe Bcecoro3HbIe HAYYHO-TEX-
HUYeCKMe KOH(epeHLIMHU 110 3TOM nmpoodieme.

Laboratory of Optical and Physical Measurement
Techniques (571)

Laboratory of Onboard Imagery Processing
Techniques (572)

Optico-Physical department of IKI (OFO
IKI) is one of the oldest IKI departments and
traces its history back to the early 1970s, when
a brand-new space research trend was originat-
ing — Earth research from remote sensing sat-
ellites. Starting with design of instruments for
the our planet observations the Department
gradually expanded its activities in accordance
with the current requirements of the space in-
dustry. As the experience of OFO IKI shows
practically every pilot project it initiated was
rather quickly in demand.

The founder and the first head of the Op-
tico-Physical department was Dr. Yan Ziman,
a veteran of the Great Patriotic War, awarded
four military decorations and 14 medals, an
honorary civil aviation navigator, a laureate
of the USSR State Prize, an honored worker
of science of the Russian Federation, a full pro-
fessor. His successor from 1988 to 2002 was Dr.
Genrikh Avanesov, an honored worker of sci-
ence of the Russian Federation, a laureate
of the Lenin Prize, a full professor. From 2002
to 2011 the department was headed by Dr. Ana-
toly Forsh. Since 2011 it is headed by Dr. Roman
Bessonov.

Since the early 1970s the studies found that
observations from space are the most plentiful
source of information about the Earth, but first
it must be understood how to use the capabili-
ties of spacecraft properly to obtain the infor-
mation necessary. The work began with analys-
ing the requirements of different Earth sciences
for kinds and forms of satellite information, its
availability from the existing spacecraft, and
defining the requirements to the onboard data
collection instruments, means of information
reception and distribution. The Department ini-
tiated creation of a new international team for
Earth remote sensing as a part of the Infercosmos
Council. At the same time the magazine “Earth
Research from Space” (translated in English as
“Earth Observation and Remote Sensing”) was
founded and the first all-Soviet Union scientific
and technical conferences were held devoted to
the topic.

ONTUKO-OU3NYECKUI
OTAEN (57)
OPTICO-PHYSICAL
DEPARTMENT (57)

Pykoeodumenb — KaHO. mexH. HayK
PomaH beccoHos

Head — Dr. Roman Bessonov

" Mpodpeccop A./1. 3umaH
(16.09.1922-21.08.2009)

Prof. Ya.L. Ziman
(September 19,1922 —
August 21, 2009)

Mpodeccop
leHpux AeaHecoe

Prof. Dr. Genrikh Avanesov

Mpogeccop
AHnamonuii Qopw

Prof. Dr. Anatoly Forsh
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1 P KYp
«Uccnedoearue 3emnu
u3 Kocmoca»

The first issue of the

“Earth Research from Space”
magazine

Aspogpomoannapamel ADA  Aerial photo cameras AFA
BA-210, adanmupoeaHHble  BA-210 modernized for

0n17 ycmaHoeKu Ha cmaHyuto  the Salyut station
«Canrom»
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Multispectral photo camera
MKF-6 and multispectral
synthesizing projector MSP-4
for ground image processing,
manufactured for the manned
spaceship Soyuz-22 at the VEB
Carl Zeiss Jena in the German
Democratic Republic according
to the technical requirements
of OFO IKI

. -
Bc pamop

AH-30
Inside flying lab An-30
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Fibre-optiks splitter

Radiators

. Scanning mirror

B mepuon 1970—1980 rr. otmen mpoBOIUT
CEepUI0 KCIIEPUMEHTOB IO MHOTO30HAJIbHOMI
doTochEMKe 3eMHOI TTOBEPXHOCTU — TIPU Ta-
KOM METOIE ChEMKA BENETCSl OTHEJIbHO B He-
CKOJIbKMX  JMama3oHaXx 3JeKTPOMarHUTHO-
rO CrHeKTpa. DKCIIEpUMEHTHI BeINCh ¢ GopTa
YeThIPEX MWIOTUPYEMbIX CcTaHUui «Camor»
1 KOoCcMMYecKoro kopaoist «Coro3-22» (obopy-
MOBaHUE [UISI TIOCIETHETO OBIJIO M3TOTOBIIEHO
coBMecTHO co crieriuanuctamu I'JIP). Ha cran-
usix «CaoT» ChEMKa CONMPOBOXIAIACh CUH-
XPOHHOM ChEMKOI 3BE3/1 — TaKUM 00pa3oM Ha-
YJanuch pa3paboTKU METONOB aBTOMATUUYECKOM
T€OMNPUBS3KY CHUMKOB. DKCIIEPUMEHT 110 MHO-
TO30HATTLHOU ChEMKE 3eMHOI TTOBEpXHOCTHU Ha
0OpTY MUIOTUPYEMOTO KOCMUYECKOTO KOpabJis
«Co103-22» (ceHTs16pb 1976 T.) mOIyYIMI Ha3Ba-
Hue «Pamyra». OH man GoraTelif MaTepuai st
HccIeqoBaHUi B BUIE OOJBIIOrO YKcia BHICO-
KOKa4eCTBEHHBIX CHUMKOB 3¢MHOI MOBEPXHO-
CTH C pa3pelIeHrueM OKoJIo 15 M.

CrenyloliuMy LIaraMyd B 3TOM HarpasJie-
HUU CTaJIM MCIOJIb30BaHUE LUDPOBON ChEM-
KM M aBTOMAaTU3aIMsl TPOIECCOB 00pabOTKU
naHHbIX. CoBMecTHO co CrielMaJbHBIM KOH-
CTPYKTOPCKHMM OI0PO KOCMMYECKOTO TTPUGOpPO-
crpoerus MKHU 6buto co3maro u B 1980 r. BEI-
BEAEHO B KOCMOC MHOTO30HAJIbHOE ChEMOYHOE
ycrpoiictBo (MCY) «®parmeHT-2» (KA «Me-
teop-Tlpupona» Ne 3). DxcrnepuMeHTaTbHBIE
ChEMKHM TMPOIJOJIKAIUCH OKOJIO YETHIPEX JIET.
Co3znaBajics aBUAIIMOHHBIN KOMILJIEKC CPENCTB
MACTAHIIUOHHOTO 30HIWPOBAHUST: MHOT030-
HaJlbHble U Tomorpaduueckue Qoroarmnaparsl,

Radiators

MHozo30HansHoe
CbE€MOYHOe ycmpolicmeo
«@pazmeHm-2»

Multispectral imaging system
Fragment-2

In the 1970—1980s the Department con-
ducted a series of experiments on multispec-
tral photography of the Earth surface — this
technique consisted in imaging conducted
separately in several spectral bands. The experi-
ments were carried out from four manned Salyut
stations and the spaceship Soyuz-22 (equip-
ment for the latter was produced in coopera-
tion with the East Germany specialists). Aboard
the Salyut stations the survey was accompanied
with the synchronous star imaging, thus start-
ing the development of automatic georeferenc-
ing methods. The experiment with multispectral
imaging from the manned spacecraft Soyuz-22
(September 1976) was named Raduga. It pro-
vided ample material for research in the form
of large amount of high-quality Earth surface
images with resolution of ca. 15 m.

The subsequent steps in that direction were
digital imaging and automatic data processing.
In cooperation with the IKI Special Design Bu-
reau for Space Instrument Engineering designed
and in 1980 set into space a multispectral im-
aging system Fragment-2 (aboard the Meteor-
Priroda No. 3 spacecraft). Experimental imaging
was carried on for four years. An airborne system
of remote-sensing instruments was created. It
consisted of multispectral and topographic pho-
to cameras, optoelectronic scanners and infrared
radiometers, digital data tape recorders. Its first
flight was aboard I1-14 over the USSR test areas
in 1972, and in 1973 testing began aboard An-30.



OTNTUKO-3JIEKTPOHHBIE CKAHUPYIOIINE YCTPOI-
crBa U MK-pamnomerpnl, umdpoBass 3amuch
nHdopmau Ha MarHuTo(oH. Ero nepsblii mo-
€T Ha camonére Min-14 mo momuronam CCCP
cocTosiics B 1972 1., a B 1973 1. HavyaaIuch Moju-
TOHHbBIE IKCIIEPUMEHTHI Ha camosiéte AH-30.

B 1980-e rr. otmen Hawyanm paboOTHI MO W3-
YYEHMIO IPYIMX TUTaHeT M MaybiX Tesl CoJiHeu-
HOM CHCTEMBI, B IIEPBYIO Oo4Yepelb — B paMKax
npoekta BEI'A no usyueHuio BeHepbl u Ko-
methl [amnes. Hns naByx amnmapatoB «Bera-1»
U «Bera-2» Obl co3MaH 1LeJbIi KOMITJIEKC TTPH-
0OpOB, KOTOPBIN MOXKEH ObUI MpU TOMIETE
OOHapYXXUTh s1Ipo KOMeThl [ayijess U HaBecTu
Ha HEro MOIBIKHYIO TUIAThOpMYy C HaydHBI-
MM TIpUOOpaMM, a 3aTeM COIPOBOXIATh €Tro
npu MOJETe U CHUMATh C MOMOIIbIO (POTOKA-
Mep U CIIEKTpOMETPOB. BMecTe ¢ BeHTepcKuMuU
u GbpaHIy3CKUMH CHelMalIncTaMy Oblla pas-
paboraHa TeyieBu3MOHHas cuctema «BEIA»
Ha MaTpUYHBIX MTPUOOPaxX C 3apsI0BON CBI3bIO
(IT3C). B pesymbrate 06paOOTKM TIOIyYEH-
HBIX M300paXXeHUuil ObLIM ompenesieHbl hopMa
¥ pa3Mephl Siipa KOMEThbI, YTOYHEHBI CTPYKTY-
pa, abCOTIOTHBIE SIPKOCTU U (HOTOMETPpUIECKIE
XapaKTepUCTUKU €ro MOBEPXHOCTU U IXETOB;
paccuuTaHbl  (hOTOMETPUYECKUE XapaKTepH-
CTUKU ¥ BBITIOJTHEHA TOMOTpadudeckast peKoH-
CTPYKLIMSI KOMBI.

OTtnen Takke MPUHUMAJl ydacTHe B IPOEK-
tax ®OBOC (1988 1., cCHEMOYHBII KOMILIEKC)
u MAPC-96 (1996).

IMapamnenbHo ¢ camoro Hawaja 1980-xrr.
B OTHene ObUTM HAyaThl WHUIIMATUBHBIE pa-
0OTBl MO CO3JaHUIO LUMPOKOMOJBHBIX JaT-
YUKOB 3BE3MHOM OpPUEHTAIlMM Ha OCHOBE
TI3C-matpuir 1 MUKpPOIIPOIIECCOPOB, CITOCOO-
HBIX onpenensaTh opueHTauuio KA no uzobpa-
KEHUSAM TIPOM3BOJIBHBIX YYaCTKOB HeOeCHOM
ceprr. O4eHb CKOPO 3TO MPEeBPATUIOCH B Ca-
MOCTOSITEIbHOE M OYEHb MOILHOE Hampasiie-
nue. Ha mpexnpusitun «Kapn-Lleitcc HMeHa»
npu yyactuu crenuanuctoB OPO MKW 6bin
W3TOTOBJIEH KOMIUIEKT M3 TPEX ONTHYECKUX
3BE3MHBIX JaTYuKOB (O3/]) «AcTpo», KOTOPBIA
B 1986 T. ObUI YCTAHOBJIEH HA MWJIOTUPYEMO
craHuuu «Mup». OH ycCIelHO TTpopadoTa Ha
6opTty no koHua e€ xuzHu. B 2001 r. cranuus
ObLTa cBeleHa C OPOUTHI M 3aTOTJIEHA TIO TOKa-
3aHUSIM 3TUX aCTPONATYMKOB...

HapuranmonHnass kamepa u 0GoOpTOBast BBI-
YUCJIUTEIbHAS MAlIWHBI OBUIM YCTaHOBJICHBI
U Ha KOCMHMYecKOoM armapare «Mapc-96», cTas,
1O CYTH, aBTOHOMHBIM 3BE3IHBIM TAaTYUKOM.
Kak u3BecTHO, ammapar He BBIIIENT Ha TpaekK-
TopHIO MepenéTa K Mapcy, HO ¢ 3TOro MOMeHTa
Ha ITOJITHE TOMBI pa3paboTKa M MOCHIeI0BaTeNb-
HOE COBEpIIEHCTBOBAHUE ONTUYECKUX 3BE3M-
HBIX JaTYUKOB CTaJl0 OOHUM M3 BaXKHEHIIMX
HampasjieHuii paboT oTaena.

IluoHepckoit pa3paboTKOi oOTmena CcTaa
3BE3AHBIN JaT4uK «bJoK ompeneneHust Koop-
nuHat 3B€31» (BOK3), ¢ momorpio KoTopo-
ro ompenenisiiack opueHTaus KA 1mo chéMke
MPOU3BOJIBHOTO YYaCTKa 3BE3IHOrO Heba.

In the 1980s the Department began to study
other planets and small bodies of the Solar Sys-
tem, most notably as a part of the Vega mission,
which focused on Venus and Halley’s Comet.
For the two probes Vega-1 and -2 a complete set
of instruments was designed to identify the Hal-
ley’s Comet nucleus on approach and point
the mobile platform equipped with scientific in-
struments at it, and then follow up and image it
with photo cameras and spectrometers. Together
with the Hungarian and French specialists a TV
system VEGA was designed based on CCD ar-
rays. Following the processing of acquired im-
ages the shape and dimensions of the comet
nucleus were defined, its structure, absolute
magnitudes, and photometric characteristics
of its surface and jets were refined; photometric
characteristics were estimated with the coma to-
mographic reconstruction performed.

The Department also participated in the mis-
sions Phobos (1988, the imaging complex) and
Mars-96 (1996).

At the same time from the early 1980s
the Department initiated the design of wide-
field star trackers based on CCD-arrays and
microprocessors capable to determine a space-
craft orientation by images of arbitrary areas
of the celestial sphere. Soon it became a separate
and extensive research area. Carl Zeiss Jena with
participation of the OFO IKI specialists pro-
duced a set of three optical star trackers Astro,
which was installed on the manned station Mir
in 1986. The star trackers operated successfully
until the end of the station lifetime. In 2001
the station was de-orbited and flooded based
on readouts of the trackers....

A navigation camera and an onboard com-
puter were also mounted on the Mars 96 space-
craft, serving as a kind of autonomous star
tracker. As known, the spacecraft did not enter
the transfer orbit to Mars, but from that point
onward for many years design and subsequent
modification of optical star trackers became one
of the main areas in the Department’s work.

A pioneer development of the Depart-
ment was a star tracker BOKZ, — to determine
a spacecraft orientation based on imaging of an
arbitrary sky area.

KA «Beza». O6wuti 8uo.
p b

ey (g
TB-u3obpaxkeHus Komemol
lrannea

Vega spacecraft. General view.
The result of processing a TV
image of Halley’s Comet

KA «®o60c-2». 06wuti uo.
CHumok ®o6oca Ha hoHe
Mapca

Phobos 2 spacecraft. Gen-
eral view. Phobos with Mars
in the background

Cucmema onmuyecKux
38€30HbIX 0amMYyuKoe
«Acmpo»

i : Optical star tracker system
= _FRCOAT "&f Astro
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ona npoénma «Mapc-9%»

Navigation camera
for the Mars 96 mission

1. 5OK3, 1998
1.BOKZ, 1998

2.50K3-Y, 1998
2.BOKZ-U, 1998

3. 50K3-M, 2006
3.BOKZ-M, 2006

5. 60K3-M60, 2009
5. BOKZ-M60, 2009

4. 5OK3-M®, 2006
4. BOKZ-MF, 2006

6. 560K3-M60/1000,2010
6. BOKZ-M60/1000, 2010

JIBa 3B&3mHbiX patunka BOK3 ycmem-
HO otpabotamu 10 set Ha Gopty KA «Sman-
100», BeIBemeHHOTO B KocMoc B 1999 r. Takue
Xe TpUOOpHI, BBIBENEHHBIE B KOCMOC TOIOM
mo3xe, paboraior Ha 6opty MKC mo Hacro-
gmero BpemeHu, a ¢ 2003r. — Ha aByx KA
«fIman-200». CeromHsi mpuOOpHI CceMeicTBa
BOK3 ycmemHo pabGortaror Ha 0Oosee uem
25 poccuiickux KA, a 4MCIIO MOCTPOEHHBIX
MPpUOOPOB pa3HON MomMbUKaAIUA TIPEBBICU-
0 150. O6mwmit HaéT TIPUOGOPOB B KOCMUYE-
CKOM TIPOCTPAHCTBE YK€ MPeBbICU 1,5 MITH 4.

MHozokonnumamopHbiii Muilticollimating stand for

cmeHO 0na ompabomku testing star trackers with
38E€30HbIX npubopos integrated angular velocity
C UHMe2pupoB8aHHLIMU sensors

damyukamu y27108bix

cKopocmeli

Two star trackers BOKZ successfully operat-
ed for 10 years aboard the spacecraft Yamal-100
launched into space in 1999. The same instru-
ments still operate aboard the ISS, launched
a year later, and since 2003 on two satellites
Yamal-200. By mid of 2015 the BOKZ series star
trackers were put into orbit onboard 36 Russian
spacecraft, and a number of manufactured in-
struments of different modifications exceeds 150.
Total flight hours for the instruments in space
has already surpassed 2,000,000 hours.

38é30Hble 0amyuKku
cemeticmea bOK3

BOKZ series star trackers

7. MukpoBbOK3, 2013
7. MicroBOKZ,2013



CeronHst pabOTHI OT/IE/Ia IIOCTENIEHHO CKJIa-
IBIBAIOTCS B CaMOCTOSITEJIbHOE HaIlpaBleHHE
WCCIICAOBaHM,  CcHOPMYIMpPOBaHHOE  eIIé
B 1990-e rr. Kak co3maHWe TEXHOJIOTMUA aBTO-
HOMHOM HaBHMTallMM KOCMUYECKHUX arliapaToB
Ha OCHOBE €CTECTBEHHBIX (DU3MYECKUX ITOJICH
¥ OPUEHTHPOB.

VYyacTue oTaesia B KOCMHYECKHX MPOEKTAX

(IMepeunciaeHbl TOIBLKO OCHOBHBIE allapaThl
HayYyHOTO M TPUKIATHOTO XapakTepa; Mpuodo-
pBI, CO3MaHHBIE B OTHAENE, TAKXKE YCTAHOBJICHBI
Ha MHOTHX KA MHOro Ha3HayeHus.)

[Mpubopel 11 opueHTauuu Ha Oopty KA
u opburtanbHbIX craHuwmii: «Camot-1, -2, -3»
(1971, 1973, 1974-75), «Comw3-22» (1976),
«Mup» (1986), MexayHaponHasi KOCMUYe-
ckas cranuus (2000), «Iman-100 u -200» (1999
1 2003)

Uccnenosanusa JIyuel: «30HI-3» (1965),
Jlyna-17» (1970, <«JlyHoxom-1»), «JlyHa-21»
(1973, «JlyHOXOI-2%)

Hccnenosannst Mapca: «®oboc-1, -2»
(1988), «Mapc-94/96» (Heymaunbiii); (1996),
«®o6oc-I'pyHT» (Heymaunblit) (2011)

HccnenoBanust komethl Tamiest: «Bera-1,
-2» (1986)

HccnenoBanust 3emnn u3 kocmoca: «Co-
103-12» u  «Comw3z-13» (1973), «Cor03-22»
(1976), «Meteop-Ilpupona» (1980), «Pecypc-
OK» Ne 1l (2006), «Pecypc-II» Nel (2013)
u Ne2 (2014), «Meteop-M» Nel (2009)
u Ne 2.0 (2014), «3oun-I1IT» (2012)

Bynymmue npoekTst

HccnenoBanust Mapca: «Dk3oMapce» (EKA/
Pockocmoc, 2016 1 2018)

Hccnenosanust Jlyaer: «JlyHa-25» (2018),
«JlyHa-26» (2019), «Jlyna-27» (2020)

HccnenoBanus Connua: «MHTeprenmo3onm»
(2019)

AcTtpodusnueckue HCCIeIOBaHMSI:
«Crnekrp-PI'» (2016), «Cnekrp-Y®» (2018),
«Mumumetpon» (+2020)

HccnenoBanusi  3emMam M3 KocMmoca:
«Meteop-MIT» (2016), «Meteop-M» Ne 2.1
(2015), Ne2.2 (2016), «Mereop-M» Ne3
(2020), «Pecypc-IT» Ne 3 (2015)

OcHOBHbBIE HATIPABJICHHAS

Pa3paboTka MeTonoB U cpeacTs st hpyHaa-
MEHTAJIBPHBIX U MPUKJIATHBIX KOCMUYECKUX UC-
CJIENOBAHUIA:

* OpHUEHTAIlMU W HaBUTALIMU allapaToB B KOC-
MMUYECKOM ITIPOCTPAHCTBE;

* CbEMKM MOBEPXHOCTU 3eMJIH, IJIAaHET U Ma-
JipiX Tes1 COJTHEUHOM CUCTEMBI ¢ OOpTa JieTa-
TEJbHBIX U TIOCATOYHBIX aIlllapaToB;

* HaBelACHUS KOCMMYECKMX ammnapaTtoB U Ha-
YYHBIX TTPUOOPOB Ha OOBEKTHI MCCIICIOBA-
HUSI B MHTEepecax AUCTAHLIMOHHOTO 30HIM-
pPOBaHUs, ACTPOHOMUU U aCTPODUZUKMU.

Today the Department’s projects gradually
fall into a separate research trend, which was
defined back in the 1990s as autonomous navi-
gation of spacecraft based on natural physical
fields and landmarks.

Department Contribution to Space Projects

(Listed are only the main scientific and ap-
plied missions; instruments designed by the De-
partment are also installed on many spacecraft
of other designation.)

Instruments for attitude control onboard
the spacecraft and orbital stations: Salyut-1, -2,
-3 (1971, 1973, 1974—1975), Soyuz-22 (1976),
Mir (1986), International Space Station (2000),
Yamal-100 and -200 (1999 and 2003)

Lunar studies: Zond-3 (1965), Luna-17
(1970, Lunokhod-1), Luna-21 (1973, Lunok-
hod-2)

Mars studies:  Phobos-1, -2  (1988),
Mars-94/96 (unsuccessful launch) (1996), Pho-
bos Sample Return (2011)

Halley’s Comet studies: Vega-1, -2 (1986)

Earth research from space: Soyuz-12, -13
(1973), Soyuz-22 (1976), Meteor- Priroda (1980),
Resurs-DK No. 1 (2006), Resurs-P No. 1 (2013)
and No.2 (2014), Meteor-M No.1 (2009)
No. 2.0 (2014), Zond-PP (2012)

Projects in Development

Mars studies: ExoMars (ESA/Roscosmos,
2016 and 2018)

Lunar studies: Luna-Glob (2018), Luna-
Resurs-Orbiter  (2019),  Luna-Resurs-Lander
(2020)

Solar studies: Interhelioprobe (2019)

Astrophysical studies: Spektr-RG (2016),
WSO-UV (2018), Millimetron (+2020)

Earth research from space: Meteor-MP
(2016), Meteor-M No.2.1 (2015), No.2.2
(2016), Meteor-M No. 3 (2020), Resurs-P No. 3
(2015)

Main research areas

Development of techniques and means for
fundamental and applied space studies:

+ spacecraft attitude control and navigation
in space;

» imaging surface of the Earth, planets and
small bodies of the Solar System from flight
vehicles and landers;

» guidance of spacecraft and scientific instru-
ments on targets of research for the ben-
efits of remote sensing, astronomy and
astrophysics.

Mpu6opebi OO0 UKN

ona muccuu «@oboc-IpyHm»:
1— BOK3-M®;

2—YTK;

3 — WTK;

4—0Ch;

5—CUOK

Instruments of OFO IKI
for the Phobos Sample Return
mission:

1 — BOKZ-MF;
2—UTK
3 —ShTK;
4—0sD;
5—SIOK
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SDG testing at the Special
Astrophysical Observatory
of the RAS. Guidance sensors
on the telescope Zeiss-1000

Ucneimanus CA4r e CAO
PAH. lamyuku 2uda Ha
meneckone «Ljeiicc-1000»

CmeHO 0nsa ompabomku Test bed for software testing
npoz2pammHoz0 and guidance sensors
obecneyeHus simulation aboard the WSO-UV

5

u

in assembly with the telescope
T-170M

P P
cucmembl 0am4uKoe 2uda
Ha 6opmy KA «Cnekmp-Y®»
8 cocmaee meneckona
T-170M

Tpu damuyuka 2uda Ha MOH-
maxkHol nnoujadke. TexHo-
nozuyeckuli obpasey CAr
Three guidance sensors

on a mounting pad.
The SDG engineering unit

1 2

Komnnekc MHo2030HaNb- Multispectral satellite imaging
Holi cnymHuKogoli CbEMKU complex (KMSS) for Meteor-M:
(KMCC) ons KA <Memeop-M»: 1 — MSU-100; 2 — MSU-50
1— MCY-100; 2 — MCY-50
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IIpuGopsi, NpoEKTHI, pe3yJbTAThI

B coctaB xocmMudeckoro ammapara uisi po-
ekta «@ob6oc-I'pyHT», MIaBHOM LIEJBIO KOTOPO-
ro Obla TOCTaBKa Ha 3eMJil0 00pa3lioB IPyHTA
cryTHUKa Mapca, Bouwu 13 mpubopos, paspa-
6oTaHHbIX 1 U3rotoBieHHbIx ODO NKU:

* yeThIpe 3BE3MHBIX JaTynka bOK3-M®;

* YeTblpe ONTUYECKUX COJHEUHBIX AaTYNKa
(OCL);

* TeJleBU3MOHHAsI CHUCTeMa HaBUTAllUM W Ha-
omonenuss (TCHH) B cocraBe mByx y3Ko-
yroabHblx (YTK) M aByX I1IMpPOKOYrojib-
Heix (LLITK) xamep, npenHasHayeHHas i
créMKHU noBepxHocTH Poboca 1 MOIIEePKKI
Tpoliecca MocaaKu;

* cucrteMa WHGOPMAIIMOHHOTO O0OeCITeueHUsT
HayuyHoro koMmriuiekca (CMOK) — pesepBu-
POBAHHOE BBIYMCIUTEIBHOE YCTPOCTBO ISt
OpraHu3al  B3aUMOJEUCTBUSI OOPTOBBIX
cucteM KA ¢ HayYHBIM KOMILUIEKCOM.
Coszpanue cuctembl gatyukoB ruga (CIT)

0OJIBIIOTO  YIBTPAGUOIIETOBOTO  TEJIECKOIIa
npoekTa «CrekTp-Y®» (mpoekT «BcemupHas
KocMmuyeckas obcepBatopusi — YiabTpadu-
oJIeT») TOJIOBHAsT opraHM3anust — WHCTUTYT

actpoHomMuu Poccuiickoii akageMuu Hayk.
CII' cocrout ux TpEX NaTYMKOB I'Maa U OJoKa
00paboTkK JaHHBIX. OHa TpegHa3HAYeHa ISt
HaBeleHUsI yabTPahHUOJIETOBOIO TeJlIecKoIa Ha
BBIOpPAHHYIO [IJIsI MCCJIEAOBaHUS 3BE3y. 3ammycK
«Cniektpa-Y®» 3arnanupoBad Ha 2018 r.

B 2006r. B xocmoc Obul BhiBemeH KA
«Pecypc-ZIK» co cb€MOYHOI  ammapaTty-
poii BBICOKOTO pa3pelleHUsI, Tae IUIS YIpaB-
JICHUsI OpUEHTalueil ObLIM  MCIOJIb30Ba-
Hbl npubopel BOK3-M. B 2013r. O6bu1
zanyimieH KA «Pecypc-Il», Hecymuii 3Haum-
TEJbHO YCOBEPIIIEHCTBOBAHHYIO 110 CPAaBHEHUIO
¢ «Pecypcom-IIK» cbEéMOUHYIO amrmaparypy
BBICOKOTO paspelieHusl. YTpaBlIeHUe Opu-
GHTallMeil 3TOro ammapara OCYIIECTBISETCS
C TIOMOIIBIO 3BE3MHBIX HaTYMKOB OpPUEHTAIIUU
BOK3-M60. docTturHyrass B 3TOM IIPOEKTE
TOYHOCTh aBTOMATUYECKOM reorpadpuueckoi
MPUBSI3KU cocTaBuiia 10 M.

C 2009 1. B xocMmoce akcruryaTupyetcs:t KA
«MeTteop-M» MeTeOpOJIOTMYECKOro Ha3Haye-
HMs. B ero cocraB BXOAAT IBa ammapaTypHBIX
KoMITIeKca, co3nanHbie B OPO UKU: KMCC
CpEemHero paspelleHUs] B COCTaBe NBYX Kamep
MCY-100 u onHoit kamepst MCY-50, a Tak-
xe KKBO B cocraBe ogHOro 3BE3IHOrO aat-
yuka BOK3-M u npuéma-BbIYMCIUTEILHOTO
ycrpoiictBa ACH. Ha mocnenyrommx KA ce-
pun «MeTeop» IUIAHUPYETCS WCITOJIb30BaHUE
moaudukauuii kamep MCY-100, MCY-50:
MCY-100M, MCY-50M, MCVY-100TM u cka-
Hepa 6eperoBoii 30HbI (CB3).

Instruments, Projects, Results

The spacecraft for the Phobos Sample Return
mission, whose primary objective was to deliver
soil samples from the Mars satellite to the Earth,
included 13 instruments designed and manufac-
tured by OFO IKI:

« four star trackers BOKZ-MF;

« four optical solar sensors (OSD);

* TV navigation and observation system
(TSNN) consisting of two narrow-angle
(UTK) and two wide-angle (ShTK) TV cam-
eras for imaging surface of Phobos and land-
ing support;

+ a system for scientific payload information
support (SIOK) — a backup computer for
providing interaction of the spacecraft on-
board systems with the scientific payload.
Development of the Guidance Sensors Sys-

tem (SDG) for a large ultraviolet telescope

of the WSO-UV mission (project World Space

Observatory — Ultraviolet, head organization —

Institute of Astronomy of the Russian Academy

of Sciences). SDG consists of three guidance

sensors and a data processing unit. It is designed
for pointing the ultraviolet telescope on a tar-
geted star. The WSO-UV launch is scheduled for

2018.

In 2006 the spacecraft Resurs-DK was set into
space carrying high-resolution imaging instru-
ments. The spacecraft used BOKZ-M for at-
titude control. In 2013 the spacecraft Resurs-P
was launched with the significantly modi-
fied high-resolution instruments compared to
the ones aboard Resurs-DK. Its attitude is
controlled with star trackers BOKZ-M60.
The available accuracy of automatic geo-refer-
encing in the mission is 10 m.

Since 2009 the meteorological satellite Me-
teor-M operates in space. In includes two hard-
ware systems designed by OFO IKI: the mul-
tispectral satellite imaging complex (KMSS)
of medium resolution consisting of two cam-
eras MSU-100 and one camera MSU-50,
and the coordinate and time reference system
(KKVO) consisting of one star tracker BOKZ-M
and a receiving-computing unit for autonomous
satellite navigation (ASN). The subsequent Me-
teor spacecraft are planned to utilize modified
versions of MSU-100/MSU-50: MSU-100M,
MSU-50M, MSU-100TM and coastal zone
scanner (SBZ).



Cxema cwél MCY «lopu.

MSU Gorizontimaging

JInsT MOHUTOPWHIA 3€MHOI ITOBEPXHOCTU
B BuauMoit U OmmxkHeir MK-obnactax crek-
Tpa COTPYIHWKU OTHAENa TIPEUTOXUIN HOBOE
MHOT030HAJIbBHOE ChEMOYHOE YCTpOUCTBO «[0-
pu30HT». OHO BOILLIO B cOCTaB anmnapaTtypbl KA
«Meteop-MII», KOTOpHIii MIaHUpPYyeTCSd K 3a-
mycky B 2016 r. MCY «I'opu30HT», MCIOJIb3Ys
kpynHodopMatHylo KMOII-marpuiy B coue-
TaHWU C ONTUKO-2JIEKTPOHHBIM CKaHUPYIOIINM
YCTPOMCTBOM, CMOXET BECTU CBhEMKY 3eMHOM
noBepxHocTh ¢ 6opra KA Ha KpyroBsoii coJi-
HEYHO-CUHXPOHHOI OpOuUTE, ¢ BHICOTH 830 KM
B nosioce 1800 KM ¢ pa3pellieHueM B MOACITYT-
HukoBoit Touke 30 M. Takast opbuTta 1Mo3Bo-
JIUT 332 OMHU CYTKW OCYIECTBUTh MOHUTOPUHT
noyTu Bcell Teppuropun Poccuu ¢ momolibio
onHoro anmnapaTta. ChbéMOUHbIE CUCTEMbI TaKO-
TO TUIA TIpeIHa3HAYEeHBI TSI YCTAHOBKMA U Ha
MasiorabapuTHble (10 15Kr), U Ha KpyMHbIE
CIYTHUKUA TUIPOMETEOPOJOTUYECKOTO U TIPH-
POIHOPECYPCHOTO TIpeTHA3HAYCHUSI.

COBMECTHO C TPOMBIIIJICHHBIMU TIPENNPU-
STUSIMU KOCMMYECKON OTpaciu B OyvKaiiiiuve
Trofbl TUTAHUPYETCS CcO30aTh YHU(UIIMPOBAH-
HBII psin 3BE3OHBIX JAaTYMKOB OpHEHTAIIUU,
npeaHa3HAYeHHbI IS  MCIOJb30BaHUSI Ha
pazmmuHbeix TMHaXx KA. B Hero Boiimyt majo-
rabapuTHbIE TTPHUOOPHI, 0OECTIeUNBAIOIINE TOY-
HOCTb HW3MEpEeHUs IapaMeTpoB OpPHUEHTALUM
nopsaka 10 yrir. ¢, 1oCTaTOYHYIO i (yHKIIU-
OHMPOBAaHUS OOJIBIIMHCTBA OTEYECTBEHHBIX
KA, a Takxe nmpudopsl 00JIbllIeil MAacChl C TOY-
HOCTBIO U3MepeHMit okouto 1 yrir. ¢ mist KA muc-
TAHLIMOHHOI'O 30HAUPOBaHMST 3eMIM U MPUOO-
PbI C TOYHOCTBIO U3MepeHuit nmopsiaka 0,1 yri.c
W JIydIle JUISE aCTPOHOMUYECKUX 00CepBaTOPUiA
KocMmuueckoro 6asupoBaHusi. Ho riaBHast mpo-
OsieMa, KOTopasl JOJKHA ObITh pellieHa B 3TOT
nepuon, — obecrneuyeHre HaaEXHOTO HeIpe-
PBIBHOTO (DYHKLIMOHUPOBAHUS 3BE3MHBIX IaT-
YUKOB OPMEHTALIMM B YCIIOBUSX KOCMUYECKOTO
nojéTa Ha TpoTskKeHun 15—18 Jrer.

For purposes of the Earth surface monitoring
in the visible and near infrared spectra the De-
partment staff proposed a new multispectral
imaging system (MSU) Gorizont. It is a part
of the hardware for Meteor-MP, scheduled for
launch in 2016. MSU Gorizont employs a large-
format CMOS-array coupled with an optoelec-
tronic scanner to observe the Earth surface from
the circular sun-synchronous orbit, at the alti-
tude of 830 km, with a swath width of 1,800 km
and a resolution at the subsatellite point of 30 m.
Such orbit should enable to monitor almost
the whole territory of Russia in one day using
one spacecraft. Imaging systems of this type
are designed for installing on both small (up to
15 kg) and large hydrometeorological and Earth
observation satellites.

There are plans to design in the coming years
and in collaboration with aerospace manufac-
turers unified star trackers for subsequent ap-
plications on different types of spacecraft. They
should include small-scale instruments ensuring
accuracy in measurement of attitude parameters
ca. 10 as (sufficient for operation of the majority
of the Russian spacecraft), larger instruments
(appropriately with larger mass) with accuracy
ca. 1 as for Earth remote-sensing spacecraft
and instruments with accuracy of 0.1 and bet-
ter as for spaceborne astronomical observato-
ries. However the main issue that should be
solved during this period is the support of reli-
able continuous operation of star trackers for
15—18 years.

Komnnekc koopOuHamHo-
8pemMeHHO20 o6ecnevyeHusa
(KKBO) ons KA «<Memeop-M»:
1 — BOK3-M; 2 — 6nok
Haeu2ayuoHHbIX modynel;

3 — anmeHHa

Coordinate and time reference
system (KKVO) for Meteor-M:

1 — BOKZ-M; 2 — navigation
module; 3— antenna
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v nony

MCY-100 c KA &Memeop-M»

Image acquired by MSU-100
from Meteor-M
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oy
cucmema CTC-J19na
npoeedeHusA CbEMOK
HA 3mane cHWXeHuA
u nocadku KA npoekmoes
«JlyHa-Ino6» («JlyHa-25»)
u «Jlyna-Pecypc» («JlyHa-
27»). Cmepeokamepsi KAM-C
011 MOHUMOPUH2a 30HbI
pa6omel maHunynamopa,
610K c6opa u o6pabomku
0aHHbIX, 0630pHbIe
sudeokamepol KAM-O
€o ceey ¥ Y
ob6vekmueamu ona
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Housekeeping TV system

STS-L for observations

during descent and landing

of the Luna-Glob and Luna-
Resurs-Lander spacecraft.
KAM-S stereocameras for
monitoring the manipulator
operation area, Data collection
and processing unit, KAM-O
surveillance cameras with ultra-
wide angle lens for imaging
acircular surface panorama

OnmuyecKue conHe4Hole
damyuku: 1— OCJ; 2 —
OC/] c o6vekmueom pinhole
(0CA3); 3— 0Ch c o6vexkmu-
80M «pblbuli 21a3»

Optical solar sensor: 1 — OSD;
2 — OSD with a pinhole lens
(OSD3) 3 — OSD with a fisheye
lens

[
]
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Model of an astroinertial
navigation system
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Jns1 pelieHMsT IMPOKOTO Kpyra 3amad Koc-
MMYECKUX MCCIEeNOBAaHMI, CBSI3aHHBIX C Ha-
OIIOIEHUSIMU Y U3MEPEHUSMU TIPOCTPAHCTBEH-
HBIX paclpeiesicHUil SIPKOCTH KOCMUYECKUX
00BEKTOB, HayMHasl OT 3BE3AHOro Heba, Ijia-
HeT U Manbix Tedl COJMHEYHON CUCTEMEI, u,
KOHYasl MCKYCCTBEHHBIMM KOHCTPYKIIUSMHU,
O®O MKMU Benér pa3pabOTKy MHOTOLIEIEBBIX
YCTPOMCTB Ha OCHOBE BBICOKOMH(OPMATUB-
HbIX 4- 1 20-MeranukceabHbIix KMOIT-maTtpuig
U OBICTPONEHCTBYIOIINX PaTualliOHHOCTOMKIX
BBIYUCIIUTENIC. DTy HOBYIO pa3paboOTKy OTHEN
TUTAaHUPYET MCITOJIb30BaTh B MpoekTax «JIyHa-
Pecypc», «Jlyna-I'nob», «Bk3oMapc» u psine
TIPYTUX.

Ontuueckuii comHeuHwlii gatyuk (OC]),
pa3paboTaHHBIi Ha 06a3e IIEeJIeBOM MacKu
u [13C-nuHeilikn, mpeqHa3HaYeH IJIsT OIpee-
JIEHUsI HATIPaBJIeHUsI Ha LEHTP BUAUMOTO IHC-
ka ConHia. B KocMoce OH aKcrulyaTupyercs
¢ 2008 r. Ceituac usrorosjieHo 6osee 30 mpu-
6opoB OCJ, 18 u3 KOTOPBIX YXe BBIBEIECHBI
B KOCMOC.

Paboter OP®O MKW B mociaemHue ToOObI
cTajld BocTpeOOBaHbl U B aBUanuu. s pene-
HMS 3amad acTPOHABMTAIlMM B OTAEJE CO3MaH
NEUCTBYIOIIUI TIPOTOTUIT ACTPOBU3UPYIOIIETO
ycrpoiictBa (ABY), no3Bossioniuii HabaoaaTh
¢ MOBEPXHOCTH 3eMJIM 3BE31LI 10 5,5 mpu oT-
CYTCTBUM OOJIAYHOCTU M OMPEICNISITh IO HUM
OpPHMEHTALIMIO ¥ B HOYHOE, U B THEBHOE BpeMs
cyToK. [TpoBeneHbl TETHbIE UCTIBITAHUS TTOJTHO-
CThIO OecIIaT(OPMEHHON acTPOMHEPIUATb-
HOUW HABUTALIMOHHOM CUCTEMBI, TTO3BOJISIIOIIEH
pelaTth 3alayd aBTOHOMHOM BbICOKOTOYHOM
HaBUTAlUM U HaBeICHUS, B TOM YUCJIC TIPU OT-
cyTcTBUM curHajoB crytHukoB [JIOHACC/
GPS.

Ludposas Tonorpaguueckasi crepeokaMmepa
LTK-140 paspaboraHa Ha 06a3e ONTUYECKOIO
6ioka aspodotoanmnapata ADA THO-140, Ha
KOTOpBHIX YCTAHABJIMBACTCS CHEMHBIN BJIEK-
TPOHHBINM MOIYJIb C AeBAThIO TUHeHBIMU [13C
1 GJIOK TIPELIM3MOHHOTO ONPENeICHUS YIJIOBBIX
3JIEMEHTOB BHEIIIHETO OPUEHTUPOBAHUSI.

To solve a wide range of space research tasks
related to observing and measuring spatial dis-
tribution of space objects brightness, from starry
sky, planets and small bodies of the Solar system
to artificial structures, OFO IKI develops multi-
function devices based on 4- and 20-megapixel
high-information CMOS arrays and a high-

performance  radiation-resistant ~ computer.
The department plans to employ this new design
in Luna-Resurs, Luna-Glob, ExoMars, and other
missions.

Optical solar sensor (OSD), developed based
on a slot mask and a CCD line, is designed for
defining direction to the centre of the visible
Sun. It operates in space since 2008, and cur-
rently there are over 30 OSD instruments built
with 18 already in space.

In recent years the developments of OFO IKI
became in demand in aviation. To solve prob-
lems of astronavigation the Department built
a working prototype of the star guiding device
that enables observations from the Earth surface
of stars up to 5.5™ under cloudless conditions
and orientation determination in both night and
day time. There was conducted flight testing
of the strapdown astroinertial navigation system
for autonomous high-accuracy navigation and
guidance, including situations with no signals
from GLONASS/GPS satellites.

A digital topographic stereocamera TSTK-140
was developed based on the AFA TE-140 cam-
era optical unit equipped with a portable elec-
tronic module with nine linear CCDs and a unit
for precision determination of orientation angu-
lar elements.



LudpoBas MHOro3oHajJbHas a’poKame-
pa IHMK-70 mpencraBisier coboit MOHOOJIOK,
BKJIIOYAIOLIUIA ONTUYECKUA U DIEKTPOHHBIX
MOMyJb, M IIO3BOJISICT IPOBOIUTH OIHOBpE-
MEHHYIO ChEMKY B TPEX 30HaX BUIUMOTO Iya-
na3zoHa (RGB) u B onHoit 30He 6mmkHero MK-
QMara3oHa.

Ludgposeas aspocwvémou-

Has kamepa L|TK-140 (1);

¢pazmenm nonocewl, cHamoli
pry - H

UMH-TD

LIMK-70 (2)
Digital Aerial Camera TsTK-

with a digital aerial camera
TsMK-70 (2)

p

140 (1); a swath fragment taken

A digital multispectral aerial camera TsMK-
70 is a monoblock that integrates optical and
electronic modules, and enables simultaneous
imaging in three bands of the visible spectrum
(RGB) and one band of near infrared band.

Compy ¢usuyeckozo
omoena UKW PAH

Employees of Optico-Physical
Department IKI RAN




