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MoBbilweHne 6e3onacHoCcTn
JKes1e3HO40POXKHbIX MEPEBO30K B YC/I0BUSIX
pacTyLmx cKopocTeii U UHTeHCUBHOCTU
ABWXEHUs] COCTaBOB U MNPy HAJINYNN
TeppopuUCTUYECKOI Yrpo3bl TpeGyeT
BHeZAPEeHNs HOBbIX TEXHUYECKUX CPELACTB
HabnoaeHus n KOHTpons. Ocobyio

3agavy npeacTasnseT pa3paboTka

mep npenoTepalleHns aBapuii

u KatacTpog, a TakxKe JIMKBUAALNN UX
nocneacteuii. [lpumeHeHne cpeacTs
AVCTaHLNOHHOI0 30HANPOBaHus 3eMu,
MO3BOJISIIOLLMX ONepaTUBHO MoJly4yaTb
nHopmMaumio ¢ 6osbLUNX NoLanen

U C BbICOKUM pa3peLueHnemM, MoXeT
oka3aTh CyLeCTBeHHYIO MOMOLLb B 3TOM
cgepe. B ctatbe paccmaTpuBaioTcs
BapuaHTbl CMYTHUKOB U AUCTAHLUUOHHO-
nUIOTUPYEeMbIX JleTaTesibHbIX anmnaparos,
nosyyaroLmMx UHPOPMaLmIo B Pa3/TNYHbIX
Anana3oHax 3/1eKTPOMarHUTHOIro
criekTpa. AHanu3nupyrTCs X JOCTOUHCTBA
v HeaoCTaTKu, BO3MOXHOCTH COBMECTHOIO
UCNosIb30BaHMs.

Knr4esbie ciioBa: 6€30MacHOCTb,
KE1€3HOA0POXHbIE MEPEBO3KM,
ANCTaHUMOHHOe 30HApoBaHue 3eMﬂl/I,
CrYTHUKW, OANCTAHLUMNOHHO-TTNJIOTUPYEeMble
sieTaresibHble annaparsl, a3po@doToCLEMKA,
paanookaLMoHHOE 30HANPOBaHWE,

o0bpaboTka n306paxeHui.
|
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Heawoe Cepeeii Heanosuu — kanoudam mexHu4eckKux
HayK, HA4anbHUK 1a60pamopu OUCMaHyUOHHOLO
30n0uposanusi MI'TY umenu H. 9. baymana, Mocksa,
Poccus.

byeaes Arexcandp Cmenanosun — axademux PAH,
doKkmop pu3uKo-MamemMamu4ecKux Hayi, npogeccop,
3aeedyrowuii kagedpou MOTH (T'Y), Mocksa,
Poccus.

Tamapauoze Asexcandp budsunosuu — kanouoam
MEXHUYEeCKUX HAYK, MAGOUIUL HAY4HbLI COMPYOHUK
snabopamopuu OUCmanyuoHHoeo 30Houposanus MI'TY
umenu H. 9. baymana, Mockea, Poccus.

Ckpebkoe Arekceli Barenmunosuu — kanouoam
MexXHuYecKux HayK, 0ouenm Kagpeopsi 31eKmponoe30os
u nokomomueos PYT (MUHUT), Mockea, Poccus.

HayYHBIX ITyOIMKALIMSX TIOC/IETHUX JIET
[1—7] mocTtaTouHO AeTaNbHO MOKa3aHbI
BO3MOXHBIE 00J1aCTU TPUMEHEHMSI TUC-
TaHUIMOHHO-TIMJIOTUPYEMBIX JICTaTeIbHBIX all-
naparoB (JITTJIA) u ipyrux cpeacTs AMCTaHLIU -
OHHOTO 30HIMPOBAHUS, BKJIIOYAsl CITyTHUKU
3eMi1e0030pa, 1151 00ecreyeHMs1 0e30MacHOCTH
JKEJIE3HOMOPOKHBIX ITIEPEBO30K.
JMCTaHIIMOHHOE 30HAMPOBaHKE 3eMJIU
(133) saBusieTcss METOAOM MOJYyYEHUs] MH-
¢dopmauuu 06 00bEeKTe UIU SIBJICHUU 0e3
HETIOCPEACTBEHHOrO (PM3MIECKOro KOHTaKTa
C caMMM OOBEKTOM, HAIIPUMED, BO3IYIITHBIX
WM KOCMUYECKUX HocuTeleid. Takast mHpop-
Malysi MOXeT ObITh TTOJIydeHa B pa3IMYHbIX
JIHarna3oHax 3JIEKTPOMAarHUTHBIX BOJH, HO



a)

6)

Puc. 1. O6wwnii Bug AINJ1A BepTonéTHoro Tuna: a) B nonére ¢ porokamepori, yCTaHOBJIEHHOV B KapAaHHOM
noasece; 6) onepaTop C nNy/ILTOM yrpaB/IeHUsI.

MOTYT PETUCTPUPOBATHLCS U APYTUE BUIBI U3-
JydeHUs U MapaMeTphbl: paadallMOHHbBIC,
rpaBUTALIMOHHBIC, U3MEPEHUS peibeda
MECTHOCTHU U T.TI. MeTOoabl 30HANPOBAHUS
JICJITCST Ha ITaCCUBHbIE (MCIOJIb3YIOTCS eCTe-
CTBEHHOE OTpaxkEHHOE WJIM BTOPUYHOE Te-
MJIOBOE M3JIy4eHMe OOBEKTOB HaA MTOBEPXHO-
cTi 3eMiii, OOYCITOBJIEHHOE COJTHEUHO aK-
TUBHOCTBIO) M aKTUBHbIE (MCIOJB3YIOT BbI-
HYXJIEHHOE H3JIyudeHUE OOBEKTOB,
WHULIMUPOBAHHOE MCKYCCTBEHHBIM MCTOY-
HUKOM HAIPaBJIEHHOTO IEHCTBUS, HAPU-
Mep, paaroIOKaTOPOM WK Ja3epoMm). B 3a-
BUCHMOCTHU OT pelllacMOoii 3afa4u CJeayeT
MPUMEHSITh TOT MJIM WHOW TUIT HOCHUTES
armapaTypbl 1 e€ coCTaB.

CTaThbsl OCBSIIIEHA UCCIIEIOBAHUIO BO3-
MOXHOCTH KOMOWHMPOBAHHOTO UCITOJIB30-
BaHUS Pa3IUYHBIX UCTOYHUKOB MH(OpMa-
187078

AJOCTOMHCTBA U HEOOCTATKMA
ANJA

Ecnu panbuie JITTJIA ucnonb3oBaluch
HMCKIIOYNATEIFHO B BOGHHBIX IIEJISIX, TO B Ha-
CTOsIIIIee BpeMsI UMEHHO MX TpaXIaHCKOe
IpUMEHEHNEe CTAHOBUTCS Bee OoJIee aKTyallb-
HBIM. [lepBOHAYaIBHBIN UHTEPEC BOCHHEIX,
BO3HUKIIMIA B KOHIE 1960-X TOL0B, JUKTO-
BaJICS CTpeMJICHUEM M30eKaTh prcKa JKU3HU
IJIST DKUITaXKei TIPU BBITIOJTHEHUH Pa3BeIbl-
BaTeJIbHBIX ITOJIETOB, a TAKIKE ITPU HAHECEHNH
yIapoB 10 pa3BedaHHBIM LexsiM. Hemocrat-
KOM TeX JIeTaTeJIbHBIX allllapaToB ObLIa He-
00XOIMMOCTh BO3BpAIllCHUS Ha CBOIO TEPPU-
TOPHIO TIOCJIC BBHITTOJHEHUS IMMOJIETHOTO 3a-
IaHUS IUIS TIPOSIBJICHUS OTCHITON (DOTO-
MJIEHKHA W OeMU(PPOBKUA MOJYICHHOTO
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MaTepuajia. DTo CHMXaJIo ONepaTUBHOCTD
MOJy4eHUsT UH(MOPMAIIUH.

B nanbHelimem HauboJiee ycHelHo pa3-
pab6otka IITJIA pasBuBanach B U3pauie
(TakTMYECKHE W OTNepaTUBHO-TAaKTUUECKHE
anmnapatbl) U CIIIA (onepaTuBHO-TaKTHUe-
ckue u crtpaternueckue JAITJIA). ITporpecc
B pa3paboOTKe HOBOTO MX MTOKOJIEHUS CBSI3aH
B IIEPBYIO OY€pEIb C TOSIBIICHUEM HIUMDPOBBIX
YCTPOMCTB, BKJIOYas poroarmaparsl, pabo-
TalollMe B pas3jMYHBIX OIMana3oHax IJIWH
BOJIH, CITYTHUKOBBIX CPEJICTB HaBUTAIIUU
M CIIYTHUKOBBIX CPEACTB CBSI3M. DTO 3HAYM-
TEJIbHO YIYYIIWIO XapaKTepUCTUKUA OOPTO-
BOI armapaTypsl, Ipekjie Bcero Maccorada-
PUTHBIC, ¥ TMO3BOJMIO YAYUYIIUTH JIETHBIC
kauectBa JAITJIA.

Jnst coBpemeHHbIX JATTJIA rpaxaaHckoro
Ha3HaYeHUsI XapaKTepHbI 00Jiee HU3Kast CTO-
MMOCTh 3KCIUTyaTalluM U OTCYTCTBHE HE00-
XOJIMMOCTH MCITOJIb30BAaHMST CTAIIMOHAPHBIX
aspoPOMOB (Kak IPaBUIIO, WX 3aMyCK OCY-
IIECTBIISIETCS C TIEPEABVKHBIX KaTaITyJIbT N
npsiMO ¢ pyKu ornepaTopa). OCOOeHHbI Mpo-
rpecc ObLI JOCTUTHYT B pa3paboTKe MHOTO-
POTOPHBIX anmapaToB BEPTOJIETHOTO THUITA
C DJIEKTPUYECKOU TATO. OHU OTIUYAIOTCS
MIPOCTOTOM KOHCTPYKIIMU U EIIEBU3HOM.
DTO 0OBSICHSETCS OTCYTCTBUEM TaKOTO He-
OTHEMJIEMOTO IJIsI OOBIYHBIX BEPTOJIETOB
KOHCTPYKTUBHOIO 3JIeMEHTa, KaK aBTOMar
rnmepexkoca JonacTeil, ¥ UCIMOJIb30BaHUEM
ACMHXPOHHOTO YITPaBJICHUS TATOM DJIEKTPU-
YECKUX IBUTATEJIEH, TO3BOJISTIONIETO KOHTPO-
JINPOBATh MepeMeIIeHHE arrapaTa B ITOJIETe.
IectupotopHsblii ATTJTA, n3006paxxEeHHbIN Ha
puc. 1, 6BUT UCITOJIB30BAH [JIST TIOTYYEHUS
n300paxkeHnt MHGPACTPYKTYPhI 9KCITEPH-

UBawoe C. U., Byraee A. C., Tatapanp3e A. B., Ckpe6koB A. B. O6ecrnevyeHne 6e30nacHOCT! NEPEBO3OK
C NOMOLLLIO CPEACTEB AUCTAaHLMOHHOrO 30HAVMPOBaHUS




MeHTabHOro KoJiblia BHUM KT B [llepouH-
ke. Emé oqHUM JOCTOMHCTBOM JaHHOTO
tuna IITJIA gBasieTcs TO 00CTOSITEILCTBO,
YTO WX MPUMEHEHUE B IMOJIOCE OTUYXKICHUS
XKeJe3HOU Joporu v Ha BeicoTax MeHee 100 M
He TpeOyeT creluaabHbIX pa3pelieHuid Ha
MOJIETHI.

Henoctatkom MHoropoTopHbix IITJTA
CUYUTAETCSI OTHOCUTETHLHO HEOOJIBIIIOE BpEMSI
noJiéra (Kak mpaBuio, MmeHee 1 yaca) u, cie-
JIOBaTeIbHO, CBSI3aHHBIE C TUM OrpaHUYe-
HUS 110 TAJIbHOCTU U BbICOTE MosieTa. OMHAKO
caM THUII JIETaTeJIbHBIX anrapaToB KpaiiHe
ynoOeH, Korja orneparop, YIpaBJIsIOIIAi nx
MOJIETOM, HAaXOAMTCSI HEMOCPEJACTBEHHO Ha
MeCTe COOBITUSI MJIM HeIaleKo OT HEero.
B aTom ciyyae nHbOopMaInio o IpoOrCXosi-
1IIeM Ha 3eMJIe MOKHO TI0JTy4aTh B peaIbHOM
MaciiTabe BpeMeHU, YTO HeoOXOoIMuMo, Ha-
MpuMep, TIpU JUKBUIALMK TTOCJIEICTBUN
JKEJIE3HOIOPOXKHOM KaTacTpodbl. YBeauye-
HUE BPEMEHM TT0JIETA MOXKET OBITh JOCTUTHY-
TO 3a CYET CMEHHBIX aKKYyMYJSITOPOB BO
BpeMsI MPOMEXYTOUYHBIX MTOCATOK, XOTS
OrpaHUYeHUE 110 PAINyCy IeHCTBUS OCTAET-
Csl, ¥ OHO CYIIIECTBEHHO.

AHAJIN3 CNYTHUKOBbLIX PECYPCOB

Eciu B 60-¢ u 70-€ roabl IpoILLJIOro BeKa
OCHOBHBIMU TTOTPEOUTEISIMU CITyTHUKOBOM
nHpopmaiu (hoTo- 1 paaruoIOKaIIMOHHON
pa3Benku) ObLUTM BOEHHBIE, a caMa MH(popMa-
1Sl HOCUJTa CEKPETHBIN XapakTep, TO B MO-
ClIeHUE NEeCATUICTUSI 3HAUUTEbHBIN Cer-
MEHT MOTpeOuTesieil cocTaBIseT BecbMa
NpPUOBUTBHBIN TpaxXJaHCKUM cekTop. B mep-
BYIO OUYEpeb K 3a1a4aM, PEIIaeMbIM CITyTHU-
Kamu 3eMJieo0030pa, MOKHO OTHECTH:

* UCCJedOBaHUE MPUPOIHBIX PECYPCOB
U pallOHAJIbHOE TPUPOJOIOIb30BAHNUE;

* TpelcKa3zaHue, aHajlu3 MPOTeKaAHUS,
KOHTPOJIb 32 BOSHUKHOBEHUEM Upe3BbIUali-
HBIX CUTyallUil U JIMKBUJALUAS UX MOCTE/-
CTBU;

* TeoJIOTOPa3BEeIKa;

* MPOTHO3 MOTO/BI;

* KOHTPOJb 3a OKPYXAalIlel cpenon
Y UCTOYHUKAMU €€ 3aTPsSI3HEHUS

* CEJIbCKOE XO3SCTBO;

* JIECHOE€ XO3SMCTBO;

* CTPOUTEJBCTBO U €IIE MHOTUE APYrue
OTpaciu.

ITpu nuCTaHIMOHHOM 30HAUPOBAHUU CO
CIYTHUKOB MPOU3BOAUTCS PETUCTPALIUAS U3-
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JIy4EeHUST TTOBEPXHOCTU 3eMJIM B Pa3IMUHBIX
Jarna3oHax 3JIeKTPOMarHUTHBIX BoJH. Kak
MpaBUI0, UCTOJB3YIOTCSI MHOTOCIIEK-
TpajbHast POTOCHEMKA U PagUOIOKATOPHI
60KoBOTO 0030pa. B HEKOTOPBIX CiTyyasix mpu
reoJIe3MIeCKOoil ChEMKE IS UIBMEPEeHUSI pe-
Jibeda TTOBEPXHOCTH TIPUMEHSIETCS U3JTyde-
Hue nasepa. JlanHbie 133, mojaydyeHHbIe
¢ KOCMUYECKOTO arrapara, OCHaIeéHHOTO
doroanmapatypoii BUIMMOTO nuUara3oHa,
XapaKTePU3YIOTCS OOJIBIIION CTEIEeHbIO 3a-
BUCUMOCTHU OT MPO3PavyHOCTU aTMOchephl
1 BpeMeHU CyTOK. [ToaTomMy /151 CHSITUSI 3TUX
OTrpaHUYEHUI TIOJTYIWIIN Pa3BUTUE CITYTHUKHA
[ 33, ocHallIEHHbIE paIMOJI0KaTOpaMu OOKO-
Boro o63opa. PaguosokalilmoHHbIE CHUMKU
WMEIOT XY/Illee pa3pelieHre Mo cpaBHEHUIO
C ONITUYECKUMM, HO JAIOT BO3MOKHOCTD T10-
JIy4aTh U300pakeHUsI HE3aBUCUMO OT TTOTOIbI
1 BPEMEHHU CYTOK, YTO UMEET MPUHIIATINATb-
HO€ 3HauYeHWe, HalpuMep, IS TPOBOJAKHU
cynoB 1o CeBMOPIYTH B TIEPUOJL TIOJISIPHOM
HOYU.

B Hactosiiee Bpems criytHuku 33 co-
CTABJISIIOT HapsIAy CO CIYTHUKAMU CBSI3U
¥ HaBUTAIIUM 3HAYUTEIbHBIA CETMEHT KOM-
MEepUYECKHUX YCIIYT KOCMUYECKOU MHIYCTPUU.
Yacro cnnytHuku /133 co3naloTcst opraHu3a-
IIUSMH, CBSI3aHHBIMU C BOEHHO-TTPOMBIIII-
JICHHBIM KOMILJIEKCOM CBOMX CTpaH, UTO
MO3BOJISIET CHU3UTH 3aTPaThl Ha MX pa3padboT-
Ky 32 CYET NMPEeEeMCTBEHHOCTU KOHCTPYKTHUB-
HBIX pEIIeHU# CO CITyTHUKaMUW BOEHHOTO
Ha3HAvYeHUS.

O06bIuHO cryTHUKM [133 3amyckaloTcs Ha
TaK Ha3bIBAEMYIO COJIHEYHO-CUHXPOHHYIO
opouTy (MHOTIa UMEHYEeMYIO TeTMOCUHXPOH -
HOI1), KoTopasi 00JilajaeT TaKUMU IapaMeTpa-
MU, 4TO CITYTHUK, HaXOISIIUICS Ha Heil,
MPOXOAUT HaJ JII0OOW TOYKOU 3eMHOI MO-
BEPXHOCTH MPUOJU3UTETHHO B OTHO U TO Xe
MECTHOE COTHEeUHOe BpeMsi. TakuM o0pazom,
YTOJ1 OCBEIEHUSI 3eMHOU IMTOBEPXHOCTU OyIeT
MPUOIN3UTETHHO OJMHAKOBBIM Ha BCEX ITPO-
XoJax CIyTHUKA. [ToCTOSTHHBIE YCTOBUS OC-
BEIIEHUS OYEHb XOPOIIO MOAXOMSAT IS
CIYTHUKOB, TMOJIy4aloIINX ONTUYECKHUE U30-
OpaxeHHs 3eMHOU MOBEPXHOCTHU (B TOM
YHUCJIe CITYTHUKOB JTMCTAHIIMOHHOTO 30H/IM -
poBaHMS 3eMJIM, MeTeocIyTHUKoB). [lapa-
METPBI COJTHEYHO-CUHXPOHHBIX OPOUT JiexkaT
B MpHUJeax: BbICOTA Hall TOBEPXHOCTHIO
zemsin 600—800 kM, mepuoa obpaleHMs
96—100 MUH, a HAKJIOH OPOUTHI OKOJIO 98
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Puc. 2. U3o06paxeHne K BHUNXKT n3 6a3bi aaHHbix Google Maps.

OCHOBHBIM JTOCTOMHCTBOM ONTUYECKUX
cnyTHUKOB /133 sBasieTcss BO3MOXHOCTD
MOJIyYeHUSI CHUMKOB C BBICOKMM pa3pellie-
HUEM, KOTOPOe MOXeT gocTurath 0,3 M.

B T0 ke BpeMs 3TH CIIYTHUKU HE BCEIO-
TOIHBIE, T.€. HE MOTYT I10JIy4aTh U300paxe-
HUE HOYbIO MJIM Ha MECTHOCTH, 3aKPBITOM
o61auyHOCThIO. EClIM MepBBIii HEIOCTATOK
el€ MOXET OBbITh MOTEHLIMAJbHO YCTPAHEH,
HampuMmep, IpU MCMOIb30BaHUU MHbpa-
KpacHOM ONTHUKHU, TO 00JIaYHOCTh, KOTOpast
B CPEIHMX IITMPOTAX 3MMOI MOXKET CKPhIBATh
3eMJII0 HEJeJISIMU, a TIOpOil U MecsliaMH,
JieJJaeT HEBO3MOXKHBIM MCITOJIb30BaHUE OTI-
TUYECKUX CITYTHUKOB.

BcenmorogHbIMU SBASIIOTCS CITYTHUKU
PaaroOKAIIMOHHOW pa3BeIKN MECTHOCTH,
XOTsI OHM 1 00JIaal0T XYAIIUM pa3pelieHM -
eM. [Ipu 3TOM paauookanus AaéT AOMOJI-
HUTEJbHbIE BO3MOXHOCTH, HAIIpUMeEp, T10-
JlydeHue M300paxkeHUil B pa3IMYHBIX I1O-
JISIpU3alIsX.

BA3bl JAHHbIX CTYTHUKOBOM
MHOOPMALIUU

PesynbraThl CIyTHUKOBOI (DOTOCHEMKU
MOJYYUJIU IIMPOKOE paclpocTpaHeHue 0a-
rojaps 001eIOCTYITHOCTH M IIPOCTOTE pabo-
ThI C HUMM, HAaIIpuMep, TocpeacTBoM MHTep-
HeTa. CITyTHUKOBbBIE CHUMKM M KapThl Ha UX
OCHOBE MCIIOJIb3YIOTCS Jaxe ISl PeIIeHMS
OBITOBBIX 3a/1a4, B TOM YHMCJIE IS HABUTALIMU
JIMYHBIX aBTOMOOMJICH MJIM BBI30BA TAKCH.

BecruiaTHbie cepBUCH KOCMUYECKOM MH-
dopManu XoTa 1 00JIafaIOT JOCTATOYHO
BBICOKHM pa3pelleHrueM, HO He ITO3BOJISIIOT
MOJIy4YaTh ONepaTUBHYIO MH(GOPMAIIKIO, OHA
OOHOBIISIETCSI TaM JTIOBOJIBHO peako. DoTo-
M300paXkeHUs IS CATOB OOBIYHO ITOTyYaloT
10 pe3yJibTaTaM ChEMKU B TEILIOE BpeMs
roja, Mpv OTCYTCTBUU CHEXHOIO ITOKPOBA.
Takue n3o6paxkeHusI MOTYT OBITh UCITOJIb30-
BaHbI VIS HEKOTOPBIX BUIOB aHAIMTUYECKOM
paboThI, HO HE Aal0T aKTyaJIbHYI0 MH(pOopMa-
1110 00 UHTEPECYIONIEM COOBITUN WU 00b-
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Puc. 3. KpynHomacwurabHoe cryTHUKOBOE
n3obpaxeHue parioHa BOAOHanopHow 6awHu Ha 3K.

ekte. JIJ1s1 3TOr0 HA/MO OOpAIIATHCS B CTICIIMA-
JIM3MPOBAHHBIC OpPraHU3alM, TOPTYIOIINE
CIIYyTHUKOBOI MH(popManueii. Jra yciayra
SIBJISICTCSI TUIATHO#, HO 3aTO TTO3BOJISICT UMETh
MaHHBIE C YYETOM TTOXEJTaHUI 3aKa3yuKa:
BpeMEHH, MeCTa M YCIOBHUI ChEMKHU, Kade-
CTBO CHMMKOB M IpyTHX ITapameTpoB. MH-
dopmarmsa MoxXeT ObITh KaK aKTyaJIbHOI, T.€.
MMOJIy4eHHOI HelIaBHO, TaK U B3STO# U3 0a3
MaHHBIX, HAKOMJEHHBIX 3a MPEeAbIAYIINe
roabl. [TocnenHee sSBNIsIETCS BaXKHBIM IS
nHGOPMAIIUH, UCTTOIb3YeMOM B 3KOJIOTYEe-
CKMX MCCIIEIOBAHUSIX, TJE MPEICTOUT CPaB-
HUTb U3MEHEHME JIaHAIIadTa 3a IJTATETbHBIN
CpOK.

CPABHEHUE UH®OPMALIUU
C PA3JINYHbIX HOCUTEJIEN

J71s1 BBITIOJTHEHUST PaboT 10 MOJIYYCHUIO
M300pakeHUI TPAHCIIOPTHOM MH(pPACTPYK-
TYPBI 3KEJIE3HBIX TOPOT ObUIO BHIOPAHO 3KC-
nepuMeHTaabHoe KoJiblo (DK) BHUMXKT.
Bri6op 3TOro 006beKTa OB CBSI3aH CO
cileaylomuMu o6cTosTeIbcTBaMu. Bo-
IEePBBIX, OH XOPOIIIO U3YUYEH U PACIOJOXEeH
06113K0 oT MockBbl. Bo-BTOpBIX, B CHITY €TO
SKCIEPUMEHTAJIBHOTO CTaTyca He BO3HUKIIO
3aTPyJIHEHUN ¢ pa3pelIeHrueM Ha MOJETHI
JTITJIA Hag ero Tepputopueit. Ha puc. 2 npu-
BefeHO mu3obpaxkeHne DK, B3gToe U3 0a3bl
naHHbIX GoogleMaps. LleHTp Konblia oT™Me-
YeH MapKepoM, ero KoopAauHarsl: 55.521373,
37.550190 (ceBepHas IIMpOTa U BOCTOYHAS
JIOJITOTa B Irpaaycax COOTBETCTBEHHO). BHY-
TPU KOJIbLIa PACIIOJIOXEH JTauyHbIi MTOCETOK.
Camo DK cocTouT U3 IABYX IBYXITYTHBIX KO-
JIell: BHEIIIHEro U BHYTpeHHero. BHeniHee
umeeT GopMy NpPaBUIbHOM OKPYXHOCTH,
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1ErSLEete

FEFOOEESEAIT 1FE0T0s

Puc. 4. @oTocHuMok paiioHa BO4OHanopHou 6alHm Ha
3K, nonyyeHHbiVi c 6opta AMJIA.

a BHYTPEHHEE CONECPXKUT MPSIMOJAHEHHBIN
YJacTOK.

B HmXHEM 1€BOM YTy HAXOIMTCS IETIO.
KBagpaTom oT™MeueH OnMH M3 paiilOHOB MO-
nétoB AITJIA, pe3yabTaThl KOTOPBIX UCITOJIb-
3yI0TCS B Hallleli cTaThe. 3BE3M0YKA B KBaJI-
paTe HaXOAUTCs Ha MECTe PaCIOIOXKCHUS
BOJOHATIIOPHOI OalllHU, CTY>KMBILIE OpUEH-
TUPOM TIPU MONETAX. YBeJIMUEHHOE N300pa-
JKeHMe OalrHu, MOJydYeHHOe CO CITyTHHKA,
MpUBEIECHO Ha puc. 3.

KppolIma 6amHm nMeeT KOHUYECKYIo (pop-
MY ¥ TOKpBITa OIIMHKOBAHHBIM 3KEJIE30M.
OtnenbHBIC TUCTHI XKeJle3a CTHIKYIOTCS MEXKIY
co00i1 B BUAE BEPTUKAIBHBIX pEdep. Pedpn-
crasi hopMa KPBIIIM XOPOIIIO IMPpOCMaTpUBa-
eTcsI maxke Ha CITyTHUKOBOM CHUMKE. DTOT Xe
paiioH OKOJIO BOJOHAMOPHOM OalIHU ObLI
cHat ¢ 6opra JAITJIA, ocHamgéHHOro GoTo-
anmapaToM B KapJaHHOM TIOJIBECE C BBICOTHI
okoJjio 70 M. Pe3ynbraT cChéMKM Ha puc. 4.

O06a CHMMKAa OTIIMYAIOTCS PACIIOIOXKEHUEM
TMOJIBUKHOTO COCTaBa Ha MYTSX, MMOCKOJIBKY
cAesaHbl B pa3IMyHOe BpeMsI Tona. Takke OHr
OTJIMYAIOTCS KaK pa3MepaMu, TaK M HaIIpaBJie-
HHUEM TeHU, OTOpachIBaMOI MECTHBIMU TIPE/I-
MeTaMu, 100 CHUMKM OBLITU ITPOU3BEICHEI TTPU
pa3HOM ITIOJIOKEHHUHM COJIHIIA Ha HeOeCHO
chepe. DTO 0OCTOSATENHLCTBO MOIUEPKUBAET
BaXKHOCTh COJTHEUHO-CUHXPOHHBIX OpPOUT, KO-
TOpPBIE YIIOMSIHYTHI paHee M OOBIYHO ITpeIHa-
3HavyeHbl Wi cnyTHUKOB J133. Emé onHum
TPENMYIIECTBOM COJTHEYHO-CHHXPOHHBIX Op-
OUT SIBJISIETCST BOBMOXKHOCTb T10 JIJTMHE OTOpa-
CBIBAEMOI TEHM Ha CHMMKaX, ITOJIyYeHHBIX Ha
pa3HBIX BUTKAX OOpaIlieHUsI CITyTHHKA, OTIpee-
JINTh, CTPOUTCS OOBEKT WJIM HET U C KaKoil
CKOPOCTBI0. OOBIMHO ATOT METO UCTTOJTB3YETCS
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a)

6)

Puc. 5. CnyTHuKOBbIe CHUMKUN OKPECTHOCTel 3KCNepuMeHTasIbHOro Kosbua:
a) nsobpaxkeHne BUAMMOro criekTpa rno gaHHeim pecypca Google Maps;
6) pagnonokaunoHHoe n3obpaxeHne c eBponerickoro cnytHuka Sentinel-1.

Tpu AeMpOBKE CHUMKOB Pa3BEIbIBATEIbHBIX
CITYTHMKOB, HO MOXET ObITh IPUMEHEH U TPU
KaJlaCTPOBOI ChEMKE, KOT/Ia HEOOXOAUMO Ha
OOJIBIIIOM MacCHBE M300pakeHUii BBIACTNUTD
HE3aKOHHO BO3BOIMMBIE IMOCTPOKU. 3/1eCh
JIOCTAaTOYHO BBIYECTD JIBA U300PAKEHUSI, TTOTY-
YEHHBIX C pa3HUIIEH B HECKOJIBKO HENeb WIN
MECSILIEB, YTOOBI 3a(PMKCHPOBATh BHOBL BO3BO-
JIMMBIE TIOCTPONKU U UX BBICOTY.

Ecnu cpaBHUBaTH pa3peialonyio criocoo-
HOCTb 0001X (POTOCHUMKOB, TO OU€BUAHO, UYTO
uzobpaxeHusi ¢ JAITJIA nmMeroT 3HaUUTETbLHO
JIydiiiee pa3pelieHre, YeM CITyTHUKOBbIE. DTO
U TIOHSTHO, MO0 BHICOTA OPOUT CITyTHUKOB
133 cocrapisier 400—600 xm. JTTJIA umeror
enI€ OJTHO MPEUMYIIIECTBO Mepe/] CIyTHUKAMU:
OHU MEHBIIIE 3aBUCST OT TTOTOIHBIX YCTIOBUIA.
ITpu HaTMUMK 00IAYHOCTH HEBO3MOXHO MPO-
W3BOAUTH CHEMKY B BUIMMOM CIIEKTPE CO
cnyTHUKOB. B 1o Bpems kak JIITJIA moryt
JIeTaTh HUXKE TPAHUIBI 00JJAYHOCTU U TIOJTY-
YaTh HY>KHYI0 UH(GOPMALIUIO.

BcenoromHoii siBsieTCsl panosioKalioH-
Has cbéMKa. Ha puc. 5 mpuBeneHsl ABa KpyIi-
HOMAacCHITAOHBIX CHUMKA OKPECTHOCTH IKC-
MEePUMEHTAIBHOTO KOJIbIIA, MOJTyYEeHHBIX T10
JaHHBIM pecypca Google Maps 11 6a3bl JaHHBIX
panroIoKallMOHHOTO cIyTHUKa Sentinel-1 [8].

B HxHe yacTit 000X CHUMKOB BUTHBI
asponopt OcTtadbeBo (caeBa Ha CHUMKE)
1 OK BHUMXKT (cnipaBa). O6a n3oopaxkeHust
WMEIOT TPUOJU3UTEBHO OIWH U TOT K€ Mac-
mTad, HO BUAMMOE M300paKEeHUE CONEPKUT
0oJIbIIIe IeTasieil IO CPAaBHEHUIO C PaJNoJIo-
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KallMOHHBLIM. Macitabd npuBeI€HHbIX CHUM-
KOB MOXHO JIETKO OLIEHWTh, YIUTHIBAS, YTO
BHEIIHEE KOJIbIIO MOJUMIroHa uMeeT GopMy
MPaBUWIbHOU OKPYXXKHOCTU JaMeTpoM 1912 m.

[IpeumyiiecTBOM paanroaOoKallMu, Kak
YKa3bIBaJIOCh, SIBISETCS BCEIIOTOMHOCTD
1 KPYIJIOCYTOYHOCTh. B HEKOTOPHIX CIIydasix
PagoNIOKAIIMOHHBIE CHUMKHU MOTYT OKa3aTh-
Cd ¢IMHCTBEHHBIM MCTOYHUKOM MH(MOpMa-
1uu. B cB3U ¢ 3TUM MOKHO ClieJIaTh BBIBO/I,
uyTto as peieHus cBoux 3agad OAO «P2K/1»
BaXXHO MMETb AOCTYIl K Pa3HOOOpPa3HbIM
cpenctBam J133.

NOCTPOEHUE TPEXMEPHbIX
N30BPAXXEHUW

CoBpeMeHHEBIE CpeaCcTBa O0PaOOTKI M30-
OpakeHUil MOMOraloT Ha OCHOBE OTAEIbHBIX
CHUMKOB, nojiydeHHbIX ¢ ITTJIA, cuHTe3u-
poBaTh TPEXMEPHBIE U300paKeHUsI 00BEKTOB
Ha MOBEPXHOCTU 3eMJIU. DTO MO3BOJSIET
paccMaTpuBaTh OOBEKTHI MOA Pa3IUYHBIMU
paKkypcaMu U C pa3JIWYHBIX BBICOT. Takas
TEXHOJIOT U MOXET HAlTU IPUMEHEHUE TIPU
MPOEKTUPOBAHUU CIOXHBIX O0BEKTOB
MHOPACTPYKTYPHI (MOCTOB, TOHHEJICH U T.11.),
a TakXke pelraTh HEKOTOpPbIe 3a1a4u obecre-
YeHUS UX 0€30IMacHOCTH.

B kauecTBe MCXOOHBIX AAHHBIX IJIs IO-
CTPOCHMS TPEXMEPHOI MOIEIM TTOBEPXHOCTHU
yJacTKa 3eMJIU C PACIIOJOKEHHBIMU Ha HEM
00BEKTaMM KeIC3HOTOPOKHOU MH(PPACTPYK-
TYpbI OBUTH MCTTOJIB30BaHbI 176 hoTorpaduii,
cobpaHHbIX B xoae nojétoB AITJIA Beprto-
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JIETHOTO THTIA C TIECTHIO TOABEMHBIMU POTO-
paM¥ 1 PacIiojiOXKeHHOW Ha HEM B YIIpaBJIsi -
€MOM KapJaHHOM mojiBece Kamepoit Canon
EOS 5D Mark Il ¢ o6bektuBoM Canon
EF-S17-551/2.8 IS USM, puc. 1. [Ipumepst
HEKOTOPBIX UCXOAHBIX poTorpaduii mprBe-
JIEHbI Ha puC. 6.

s cuHTe3a TpEXMEPHOTO N300paKeHUs
pelraeTcs 3amada MOMCKa COOTBETCTBUS
MEXIy KJTFOUE€BBIMU TOUKAMU Ha Pa3HBIX U30-
OpakeHUsIX, BBITIOTHSIETCST OHA TTyTEM IMOMCKa
TOYEK C MUHUMAJIBHO OTJINYAIOIIUMUCS JIe-
CKPUIITOpAaMM — BEKTOpPaMU MapamMeTpOB,
OTUCHIBAIOIINX TOUKY. Tak, anroput™m SIFT
OTMCHIBAET KAXKIYIO KIIIOUEBYIO TOUKY BEKTO-
poM co 128 mapameTpamu, OIpeacIsieMbIMU
Ha OCHOBE JIOKAJIbHBIX TPAIUEHTOB B OKPECT-
HOCTSIX TOUKHU.

OnvH u3 Hanbosee 3(PHEKTUBHBIX aJITO-
PUTMOB (DUJTBTPAIINN JIOXKHO OTIPEACIEHHBIX
COOTBETCTBUIA KITIOUeBBIX Touek — RANSAC
(Random Sample Consensus) [9]. CyTb MeTO-
Jla 3aKJII0YAETCS B UTEPATUBHOM IMOUCKE
JIyq1ieit Matpuiisl ipeoopazoBanus (hyHaa-
MEHTaJbHOW MaTPUIIBI) MEXIY CIydaiiHO
BbIOpaHHBIMU N KJTIOYEBBIMU TOYKAMU Ha
OJTHOM M300pa*keHU! U COOTBETCTBYIOIIINMU
TOYKaMU Ha BTOpOM. B utore u3 Habopa KJto-
YEeBbIX TOUEK YIAJISIOTCS TaKWe, OTKJIOHEHUE
KOTOPBIX B pe3yJibTaTe TPUMEHEHUST HaliIeH-
HOTO TIpeo0pa30BaHMs OT COOTBETCTBYIOIINX
TOYEK Ha JPYroM M300pakeHWU TPEBHIIIACT
3aJlaHHBIN MTOPOT.

st mocTpoeHUsT TpEXMEepHOU Moaenn
TTOBEPXHOCTH HEOOXOIMMO YCTAHOBUTH BHYT-
peHHue (PoKycHOe pacCTosIHUE, KOOPAUHATDI
MPUHIIUTTUATBLHON TOUKU, KOI(PDUIIMEHTHI
JIMCTOPCUU) W BHEITHUE TTapaMeTPhl KaMepbl
(moJyioxxeHue U opueHTalus). BHyTpeHHUE
rmapaMeTphl SIBISIIOTCS HE3aBUCUMBIMU OT
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Puc. 6. lMpumeps! ncxoaHbIX N306paxkeHnii, caenaxHbix AMJIA.

BHEIIHUX YCJIOBUI M HE MEHSIIOTCSI OT CHUMKA
K cHUMKY. Kak nmpaBwio, BHyTpeHHUE Tapa-
METPBl BBIYUCISIOTCSI C TIOMOIIBIO ChEMKHU
KaJTMOPOBOYHBIX 00 BEKTOB, TEOMETPUST KOTO-
PBIX 3apaHee U3BECTHA, HO MOTYT OBITh TAKXe
BBIUMCJIEHBI U 0€3 UX UCIOJIb30BaHUs TIPU
YCJIOBUY HaJIM4UsT OOJIBIIOTO KOJIWYECTBa
CHUMKOB ¢ o01mMu Toukamu [10]. BHenHsist
KaJMOpOBKa MPOU3BOAUTCS MOCPEACTBOM
TPUAHTYJISIIAM KJTIOUEBBIX TOUEK, OOIINX ISt
JIByX U 0oJiee KaapoB.

IMonyueHnHast TpéxmMepHast MOJIEJTh ITOBEPX-
HOCTH TIOJI Pa3IMYHBIMU paKypcaMu HaOJII0-
JIEHUsT U C Pa3IMYHBIX BHICOT MOKa3aHa Ha
puc. 7.

Bonee monHoe mpeacTaBieHUE O TMOJTY-
YEHHOW MOJEIN MOXET OBITh TOJIy4eHO U3
BUIeO, IpenctaBiaeHHoro B [11]. Crmenyet
OTMETUTH HEKOTOPbIE OCOOEHHOCTH JaHHBIX,
Ha KOTOPBIX ObLIA TTIOCTPOEHA MOJIEIb;

* CPaBHUTEIBHO HEOOJIBIIIOE KOJTMYECTBO
CHUMKOB;

* HEONTHUMaJbHasl TPaeKTOPUS TMOJIETA
ATUITA;

* Majioe MepeKpPhITUE MEXITy CHUMKaAMU;

* OTCYTCTBUE CBEIEeHMII 00 OpUEHTAIINU
AITJTA n xamepsl, a Takke JaHHBIX 0 GPS/
TTIOHACC xoopanHarax.

HecmoTpst Ha ykazaHHbBIE OCOOEHHOCTH,
MOJTy4eHHast MOJIEJTh JOCTATOYHO TOYHO OTO-
OpakaeT XxapaKTep MECTHOCTH, TJIe TIPOU3BO-
nunachk cbéMka. [locTtpoeHue Momenu ocy-
IIECTBIISLIOCH TIPY TTOMOIIIM MaTeMaTUIeCKO-
ro obecrnieueHmst Pix4DMapper [12].

SAKJIIOMEHUE

IIpoBenéHHBIN aHAINU3 BO3MOXHOCTEH
WCIIOJIb30BAHUS TUCTAHIIMOHHBIX CPEJICTB
3oHaAMpoBaHus 3emuu (cnytHuku 133 un
HATTJIA, ocHal€HHbIE pa3TIMYHBIMU JaTYMKa-
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Puc. 7. TpExmepHasi MOAeJ1b MOBEPXHOCTHU.

MM) TIOATBEPXKIACT, YTO OHM MOTYT 0Ka3aThCsI
a(pdexTuBHLIMU 151 0OecreueHus1 Oe3orac-
HOCTH JIBVKEHUS Ha XKeJie3HbIX Joporax Poc-
crn. X mHpOpMaLIsI MOXKET HATH TIPUME-
HEHME U IJI PEeICHMS IPYTUX 3a1ad, Hallpu-
Mep, TIPU IPOEKTUPOBAHUU U CTPOUTEJILCTBE
2KeJIE3HOIOPOXKHOM MH(pPACcTpyKTyphl. B cTa-
The TTOKa3aHo, 9TO 3(PPEKTUBHOCTH CPEACTB
ITACTAaHIIMOHHOTO 30HAUPOBAHUS 3eMJTH TI0-
BBIIIIACTCS 3a CIET KOMOMHUPOBAHUS CITyTHU -
KOBBIX MH(pOpMaLMOHHBIX cucTeM u AITJIA,
a UCIOJb30BAHUE COBPEMEHHBIX CPEICTB
00pabOTKM BUICONH(MOPMALINN JAET BO3MOXK-
HOCTB ITOCTPOCHUSI CHHTETUICCKIUX TPEXMEp-
HBIX U300paXkeHU1 THPPACTPYKTYPHI.
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i{ ENHANCEMENT OF TRANSPORTATION SAFETY BY REMOTE SENSING DEVICES

Ivashov, Sergey I., Bauman Moscow State Technical University, Moscow, Russia.

—/ Bugaev, Alexander S., Moscow Institute of Physics and Technology, Moscow, Russia.
Tataraidze, Alexander B., Bauman Moscow State Technical University, Moscow, Russia.
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ABSTRACT means, which allow to receive information from large

Improving safety of rail transportation in the face ~ areas and with a sufficiently high resolution, can
of increasing speeds and traffic intensity and the  significantly help in implementation of these tasks.
presence of a terrorist threat requires introduction of ~ The article deals with variants of satellites and
new technical means of surveillance and control. A remotely piloted aircrafts systems receiving
particular task is development of measures to prevent  information in various ranges of the electromagnetic
accidents and catastrophes, as well as to eliminate  spectrum. Their advantages and disadvantages,
their consequences. The use of Earthremote sensing  opportunities of joint use are analyzed.

Keywords: rail transportation safety, remote sensing of the Earth, satellites, remotely-piloted aircraft,
aerial photography, radar sounding, image processing.

Background. /n scientific publications of recent  the military, which arose in the late 1960s, was
years [1-7], the possible applications of remotely dictated by the desire to avoid life risks for crews while
piloted aircrafts (RPA) and other remote sensing performing reconnaissance flights, as well as strikes
facilities, including ground survey satellites, in order — at explored targets. The drawback of those aircrafts
to ensure rail transportation safety, are shown in was the need to return to their territory after
sufficient detail. completing the mission to develop films with captured

Earth remote sensing (ERS) is a method of images and to interpret obtained materials.This
obtaining information about an object or phenomenon  reduced the immediacy of obtaining information.
without direct physical contact with the object itself, Further, the most successful development of RPA
for example, from air or space vehicles. Such took place in Israel (tactical and operational-tactical
information can be obtained in different ranges of devices and the USA (operational-tactical and
electromagnetic waves, but other types of emissions  strategic RPA). Progress in development of their new
and parameters can be recorded as well: radiation,  generation is primarily associated with the advent of
gravity, terrain measurements, etc. Sounding digital devices, including cameras operating in
methods are divided into passive methods (naturally  different wavelength ranges, satellite navigation aids
reflected or secondary thermal emissions of objects and satellite communications. This significantly
on the Earth’s surface due to solar activity is used) improved the characteristics of the on-board
and active methods (using stimulated emission of  equipment, primarily mass dimensional features, and
objects initiated by an artificial source of directional  allowed to improve the flying qualities of RPA.
action, for example, by radar or laser). Depending on Modern civilian RPA are characterized by a lower
the problem to be solved, one or another type of operating cost and no need to use stationary
equipment carrier and its composition should be used.  aerodromes(as arule, they are launched from mobile

Objective. The objective of the authors is to  catapults or directly from the operator’s hand).
consider provision of transportation safety by means  Particular progress was made in development of

of remote sensing. multi-rotor helicopter-type devices with electric
The article is devoted to the study of the possibility  traction. They are of simple design and cheap. This is
of combined use of various data sources. due to the lack of such an integral element for

Methods. The authors use engineering methods,  conventional helicopters, as the blades’ swashplate,
comparative analysis, physics, geodesic, attelite and the use of asynchronous control of traction of

navigation, IT and mathematical methods. electric motors, which makes it possible to control
Results. movement of the apparatus in flight. The six-rotor
Advantages and disadvantages of RPA RPA, shown in Pic. 1, was used to obtain images of

If RPA were used previously exclusively for military ~ the infrastructure of the VNIIZhT experimental ring in
purposes, it is now their civilian application that is  Shcherbinka. Another advantage of this type of RPA
becoming increasingly relevant. The initial interest of s the fact that their use in the railway right of way and

a) b)

Pic. 1. General view of helicopter-type RPA: a) in flight with a camera installed in a gimbal suspension;
b) an operator with a control panel.
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at altitudes less than 100 m does not require special
permits for flights.

The disadvantage of multi-rotary RPA is a
relatively short flight time (usually less than 1 hour)
and, consequently, the associated limitations on
range and altitude of the flight. However, the type of
aircraft is extremely convenient when the operator
controlling their flight is directly at or near the site of
the event. In this case, information on what is
happening on the ground can be obtained in real time,
which is necessary, for example, in the aftermath of
a railway catastrophe. The increase in flight time can
be achieved due to replaceable batteries during
intermediate landings, although the limitation on the
radius of action remains, and it is significant.

Analysis of satellite resources

While in the 1960s and 1970s the main consumers
of satellite information (photo and radar
reconnaissance) were military, and the information
itself was of a secret nature, in recent decades a
significant segment of consumers is a very lucrative
civil sector. First of all, the tasks to be solved by the
ERS satellites include:

« research of natural resources and rational
nature management;

« prediction, flow analysis, monitoring of
emergencies and elimination of their consequences;

« exploration;

« weather forecast;

« control over the environment and sources of its
pollution;

- agriculture;

- forestry;

- construction and many other industries.

During remote sensing satellites record
emissions from the Earth’s surface in various ranges
of electromagnetic waves. As a rule, multispectral
photography and side-scan radars are used. In
some cases, for geodetic surveying, laser emission
is used to measure the surface relief. The remote
sensing data received from a spacecraft equipped
with a visible range photo equipment is characterized
by a high degree of dependence on transparency
of the atmosphere and time of day. Therefore, to
remove these limitations, the Earth remote sensing
satellites equipped with side-scan radars were
developed. Radar images have a worse resolution
than optical images, but they make it possible to
obtain images regardless of weather and time of
day, which is of fundamental importance, for
example, for piloting along the Northern Sea Route
during the polar night.

At present, ERS satellites together with
communication and navigation satellites make up a
significant segment of the commercial services
offered by the space industry. Often, ERS satellites
are created by organizations associated with the
military-industrial complex of their countries, which
makes it possible to reduce the costs of their
development through the continuity of design
solutions with military satellites.

Usually, ERS satellites are launched into a so-
called solar synchronous orbit (sometimes referred
to as a heliosynchronous orbit), which has such
parameters that a satellite located on it passes over
any point of the Earth’s surface in approximately the
same local solar time. Thus, the angle of illumination
of the Earth’s surface will be approximately the same
at all satellite passages. Constant lighting conditions
are very well suited for receiving by satellites of optical
images of the Earth’s surface (including satellites for

remote sensing of the Earth, meteorological
satellites). The parameters of the solar-synchronous
orbits lie in the ranges: the altitude above the Earth’s
surface is 600-800 km, the period of revolution is
96-100 min, and the orbit inclination is about 98°.

The main advantage of optical ERS satellites is
the possibility of obtaining high-resolution images,
which can reach 0,3 m. At the same time, these
satellites are not all-weather, i.e. they cannot receive
animage at night or of a terrain covered by clouds. If
the first drawback can still be potentially eliminated,
for example, using infrared optics, cloudiness, which
in the middle latitudes in winter can conceal the Earth
for weeks, and sometimes even months, makes it
impossible to use optical satellites. All-weather
satellites are areas radar reconnaissance satelites,
although they have a worse resolution. In this case,
radar provides additional possibilities, for example,
obtaining images in different polarizations.

Databases of satellite information

The results of satellite imagery are widely spread
thanks to the general availability and ease of
operation, for example, through the Internet network.
Satellite imagery and maps based on them are used
even for solving everyday tasks, including for personal
car navigation or taxi calling.

Free space information services, although they
have a sufficiently high resolution, do not allow
receiving rapid information, it is updated very rarely
there. Photo images for the websites are usually
obtained from the results of shooting in the warm
season, in the absence of snow cover. Such images
can be used for some types of analytical work, but do
not allow to receive up-to-date information about an
interesting event or object. For this, one must turn to
specialized organizations selling satellite information.
This service is payable, but it gives the opportunity to
have data taking into account the customer’s wishes:
time, place and conditions of shooting, resolution of
pictures and other parameters. The information can
be either up-to-date, i.e. received recently, or
obtained from their databases, accumulated in
previous years. The latter is important for the
information used for environmental studies, where it
is necessary to compare the change in the landscape
over a long period.

Comparison of information from different
carriers

To perform the work on obtaining images of the
transport infrastructure of the railways, an
experimental ring (ER) of VNIIZhT was chosen. The
choice of this object was due to the following
circumstances. Firstly, itis well studied and is located
close to Moscow. Secondly, because of its
experimental status, there was no difficulty with the
RPA permission to fly over its territory. Pic. 2 shows
the ER image taken from the GoogleMaps database.
The center of the ring is marked with a marker, its
coordinates are: 55.521373, 37.550190 (northern
latitude and east longitude in degrees, respectively).
Inside the ring there is a holiday village. The ER itself
consists of two double-track rings: external and
internal. The outer has the shape of a regular circle,
and the inner one contains a rectilinear segment.

In the lower left corner there is a depot. One of
the areas of flights the resuts of which are used in our
article, is marked with a square. The asterisk in the
square is located on the site of the water tower, which
served as a reference point for flights. An enlarged
image ofthe tower obtained from the satellite is shown
in Pic. 3.
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Pic. 2. The image of ER
VNIIZHT from the database
Google Maps.

The roof of the tower has a conical shape and is
covered with galvanized iron. Individual sheets of iron
are joined together in the form of vertical ribs. The
ribbed shape of the roof can be clearly seen even on
a satellite image. The same area near the water tower
was photographed from RPA, equipped with a camera
on the gimbal suspension from a height of about 70 m,
the result of the shooting is in Pic. 4.

Both pictures differ in location of rolling stock on
tracks, since they are made at different times of the
year. They also differ in both size and direction of the
shadow cast by local objects, because images were
taken at different positions of the sun in the celestial
sphere. This circumstance underscores the
importance of solar synchronous orbits, which were
mentioned earlier and are usually intended for ERS
satellites. Another advantage of the sun-synchronous
orbits is the ability to determine the length of the
shadow cast on the images obtained at different turns
of the satellite’s rotation, whether the object is being
built or not and at what speed. Usually, this method is
used to decode images of reconnaissance satellites,
but it can be used in cadastral surveys, when it is
necessary to reveal illegally constructed buildings on

Pic. 3. Large-scale satellite image of the water tower
area on the ER.
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alarge array of images. Here it is enough to subtract
two images, obtained with a difference of several
weeks or months, to fix newly constructed buildings
and their height.

Ifwe compare the resolution of both photographs,
then it becomes obvious that images made with RPA
have a much better resolution than satellite images.
This is understandable, since the height of the orbits
of ERS satellites is 400-600 km. The RPA have one
more advantage over satellites: they are less
dependent on weather conditions. In the presence of
cloudiness, it is impossible to shoot in the visible
spectrum from satellites. While RPA can fly below the
cloud boundary and get the information they need.

Radar survey is all weather. Pic. 5 shows two
large-scale images of the vicinity of the experimental
ring, obtained from the GooleMaps resource data and
the Sentinel- 1 radar satellite database [8].

In the lower part of both pictures you can see
Ostafyevo airport (on the left in the picture) and ER
VNIIZhT (right). Both images have approximately the
same scale, but the visible image contains more
details than the radar picture. The scale of the above
pictures can be easily estimated, given that the outer

Pic. 4. Photo of the area of the water tower on the ER,
received from RPA.
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a)

b)

Pic. 5. Satellite images of the vicinity of the experimental ring:
a) an image of the visible spectrum from the resource GoogleMaps;
b) radar image from the European satellite Sentinel-1.

ring of the polygon has the shape of a regular circle
with a diameter of 1912 m.

The advantage of radar, as indicated, is all-
weather and round the clock operation. In some
cases, radar images may be the only source of
information. In this regard, we can conclude that to
solve its tasks, it is important for Russian Railways to
have access to a variety of remote sensing facilities.

Building 3D images

Modern image processing tools help to synthesize
three-dimensional images of objects on the surface
ofthe Earth on the basis of individual images obtained
from RPA. This allows us to view objects from different
angles and from different heights. Such technology
can find its application in the design of compound
infrastructure objects (bridges, tunnels, etc.), and
also solve some problems of ensuring their safety.

As initial data for constructing a three-dimensional
model of the surface of a piece of land with the railway
infrastructure facilities located on it, 176 photographs
were taken, collected during the flight of a helicopter-
type RPA with six lifting rotors and a Canon EOS 5D
Mark Il camera with a gimbal suspension and Canon
EF-S17-55f /2.8 IS USM lens, Pic. 1. Examples of
some initial photographs are shown in Pic. 6.

To synthesize a three-dimensional image, the
problem of finding a correspondence between key
points on different images is solved, it is performed by
searching for points with minimally different
descriptors — vectors of parameters describing the
point. Thus, the SIFT algorithm describes each key
point with a vector with 128 parameters, determined
on the basis of local gradients in the vicinity of the point.

One of the most effective algorithms for filtering
falsely defined correspondences of key points is
RANSAC (Random Sample Consensus) [9]. The
essence of the method consists in iteratively searching

Pic. 6. Examples of initial images taken by RPA.

for a better transformation matrix (fundamental matrix)
between randomly selected N key points in one image
and the corresponding points in the second one. As a
result, points whose deviation as a result of applying
the found conversion from the corresponding points
on the other image exceeds a predetermined
threshold, are removed from a set of key points.

To build a 3D surface model, itis necessary to set
internal (focal length, coordinates of the principal
point, distortion coefficients) and external parameters
of the camera (position and orientation). The internal
parameters are independent of external conditions
and do not change from the picture to the picture. As
arule, internal parameters are calculated by shooting
calibration objects, the geometry of which is known
in advance, but can also be calculated without using
them, provided there is a large number of pictures
with common points [10]. External calibration is
performed by triangulation of key points common to
two or more frames.

The resulting three-dimensional model of the
surface under different angles of observation and
from different heights is shown in Pic. 7.

A more complete idea on the model obtained can
be got from the video presented in [11]. Some
features of the data used to build the model shoul be
noted:

- a relatively small number of pictures;

* non-optimal flight trajectory of RPA;

« small overlap between images;

+ lack of information about orientation of RPA and
the camera, as well as of data on GPS/GLONASS
coordinates.

Despite these features, the model obtained
accurately reflects the nature of the terrain where the
survey was conducted. The model was constructed
using the mathematical support of Pix4DMapper [12].
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Pic. 7. Three-dimensional model of the surface.

Conclusion. The analysis of the possibilities
of using Earth remote sensing devices (ERS
satellites and RPA equipped with various sensors)
confirms that they can be effective for ensuring
traffic safety on the Russian railways. Teh obtained
information can be used to solve other problems,
for example, when designing and building a railway
infrastructure. The article shows that the
effectiveness of remote sensing tools can be
increased thanks to combination of satellite
information systems and RPA, and the use of
modern video processing facilities enables the
construction of synthetic three-dimensional
images of the infrastructure.
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