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COBPEMEHHOE COCTOAHWUE U NPOBNEMblI TEOUH®OPMALIMOHHOIO
OBECIMNEYEHUA TEPPUTOPUN

Anekcanop Ilemposuu Kapnuk

Cubupckas rocymapcTBeHHass Treozae3udeckas akamemusi, 630108, Poccus, r. HoBocubOupck,
yi. [InaxotHoro, 10, TOKTOp TEXHHYECKUX HAyK, Ipodeccop, pekrop, Teir. (383)343-39-37, e-mail:
rectorat@ssga.ru

PaccMOoTpeHO COBpEeMEHHOE COCTOSIHHME BOIIpOCa O TEOMH(POPMALMOHHOM OOecreueHHH
TeppuTOpui, 0003HAYEHbI TJIABHbIE MPOOJIEMBI, KOTOpPHIE HCIBITBIBAIOT TEPPUTOPHUH  IIO
reoMH(POPMALMOHHOMY 00ECIIEYEHUIO B COBPEMEHHBIX YCIOBHSX.

KiroueBble ciioBa: reonH(popMaiimonHoe obecnieueHue, TeppuTopus, reonHPOPMAMOHHOE
MPOCTPAHCTBO.

CURRENT STATE AND PROBLEMS OF TERRITORIES GIS SUPPORT

Alexandr P. Karpik
Siberian State Academy of Geodesy (SSGA), Russia, Novosibirsk 630108, 10 Plohotnogo St; Ph.
DSc, Prof., rector, tel. (383)343-39-37, e-mail: rectorat@ssga.ru

The current state of geoinformation support of territories is considered, the main problems
territories have on geoinformation support in modern conditions are shown.

Key words: geoinformation support, territory, geoinformation field.

CoBpemeHHas reofe3us OXBAaTBIBAET, B HIMPOKOM CMBICIIE,
MEKIUCIUIUIMHAPHBIM HAYYHBIN U POU3BOICTBEHHBIN KOMIUIEKC, IPEIHA3HAYCHHBIN
g ompeneneHuss (OpMbl, pa3MEepoB M TPABUTALMOHHBIX Mojied  3emuw,
Tororpau4eCcKuX CheMOK U KapTorpapuiyecKkoro n300pakeHusl €€ MOBEPXHOCTH, IS
o0OecrieueHus: pelIeHUd  OOOPOHHBIX, SKOJOTHYECKUX, YIPABICHYECKUX U
pa3HOOOpa3HBIX MHXKEHEPHBIX 3aJad, YTO COCTABISIET COJEp)KaHUE Te0/Ie3MYeCKOro
oOecreueHus: TEpPUTOPHUH.

JIo CpaBHHTENBHO HEIABHETO BpPEMEHU Teole3Hueckoe obecreueHne
TEPPUTOPHI XapaKTepPU30BaJIOCh OTPACICBON M KapTOrpapuuecKo Criennanu3aiuei.
I'eonesnueckass oTpaciap Ha OCHOBE 3adBOK JIPYTHX OTpacied co3aaBaia
reofIe3uYecKre CeTh M Tomorpaguueckue KapTtbl U (OpMHpOBaia Te€0Ae3UYECKO-
KapTorpaguyeckue  TeppUTOpHalbHble  (OHIBI,  KOTOPBHIE  HCIOJIb30BAIHCH
reoIe3UYECKUMU CITy>KOaMu JIPYTruX OTpacieil JUisl CO3[aHusl CrelHaIn3UpOBaHHbIX
reofie3uYecKuX cerel u  Temarhueckux rpadpuyeckux KaptT. Ilocnennue
UCIIOJIB30BAJIMCh I IUIAHUPOBAHUS, NMPOEKTUPOBAHMUS, YIIPABICHHS, OTPACIECBOTO
W3yYEHUs TEPPUTOPUH M CO3JAHUS T€0/Ie3MUECKO-KapTorpauueckux OTpacieBbIX
¢onmoB. Ilpy 3TOM KOMILJIEKCHOE HCIIONB30BaHUE OTPACIEBBIX MaTepUasioB,
0COOCHHO rpapuuecKuX KapT pa3HbIX OTpaciei, SBISJIOCH YPE3BBIUANHO CIOKHOMN U
TPYAOEMKON 3a1a4€En.


mailto:rectorat@ssga.ru
mailto:rectorat@ssga.ru

Pa3BuTtHe 5KOHOMUKHM W OOIIECTBA B COBPEMEHHBIX YCIOBHUSX HEpPa3phIBHO
CBA3aHO C MHOTOIPAaHHOM  aKTyaJpHEWIIeW TmpoOJeMol  deloBeYecTBa  —
o0OecrieyeHUEM YCTOMUMBOCTH €ro pa3sutus. IIposBieHue 3Toil mpoOIeMbl
BBIpA)KAETCs Yallle BCEro B HEOOXOMMOCTH B3aUMHOMW YBSI3KM BCEX pelICHUN chepbl
yOpaBieHUS ¢  OOECHEUYEeHHUs KU3ZHEHACATEIBHOCTH  OOIecTBa  JIOKAJIBHOTO,
PErMOHANILHOTO U TJI00aJbHOTO YpOBHEW uepapxuu TeppuTopuil. COOTBETCTBEHHO
BO3pacTaeT HEOOXOJUMOCTh MEXIUCIUIUIMHAPHBIX HMCCICAOBAHUM U KOMIUIEKCHOTO
MEXKOTPACIEBOTO MOAX0/1a K BEIpabOTKe pelieHuid. A 3To, B CBOIO Ouepeb, TpedyeT
OpraHU3allid COBMECTHOTO KOMIUIEKCHOTO HCIOJB30BaHUs HH(GOPMAIIMOHHBIX
pPECYPCOB  pa3iNM4HbIX  OTpacieud. [IpuMEHUTENTBHO K  MPOCTPAHCTBEHHBIM
uH(POPMAIIMOHHBIM pecypcaM 3T0 TpeOOBaHUE CBOAUTCA K HWHTETPUPOBAHUIO
pazIMYHOM Temarndeckol uHdopMmanuu 00 O00bEeKTaX TEPPUTOPUU HA EIUHOU
MPOCTPAHCTBEHHO-KOOPAMHATHOM OCHOBE, UTO SIBIISIETCS] IPEIMETOM I€OI€3HH.

Takum 00pa3oMm, B COOTBETCTBUM C HOBBIMH IOTPEOHOCTSMH SKOHOMHMKH U
o0LIeCTBa, YCIOKHEHUEM OKPYKaIOIIEH Cpeibl 32 CYET TEXHOTEHHOM COCTaBIISIIOIEH,
paMKu  TIeoJe3UYECKOro  OOECHEeUeHUs] CYIIECTBEHHO pacIIUpsIOTCS, a €ro
COJEPKAHNE U3MEHSAETCA.

CyIIHOCTh T€0/I€3UUECKOT0 00ECIeUeHUsT TEPPUTOPUN COCTABISIET KOMILIEKC
IIPOLIECCOB  CO3JAHUs, MNPEACTABICHUS, aKTyalW3alUd W  HCIOJIb30BaHUSA
IPOCTPAHCTBEHHOM MH(OpMAIMM Ha OCHOBE I'€0/I€3MUECKOT0 METOoa ONpEeICHHUs
MIPOCTPAHCTBEHHOTO MOJOXKEHUS U (POPMBI IPEAMETOB (BKJIIOUAs MTPOLIECCHI, SIBICHHUS
1 COOBITHS) OKPYXKAIOIIEr0 MUPA B F€OJIE3MUECKUX CUCTEMaX KOOPAHHAT.

Ha coBpemeHHOM »3Tame pa3BUTHS 3KOHOMHMKM UM oOlIecTBa mepea
reofIe3UYeCKUM 00ECIeueHEeM BCTajdd HOBBIE 1€MW W 3a/1ayd, BBITEKAIOIIHE W3
KOHLEMIMM YCTOMYMBOIO Ppa3BUTUS TEPPUTOPHI,, W HOBBIE BO3MOXHOCTH,
00yCIIOBIIEHHbIE HOBBIMU TEXHUYECKUMH U TEXHOJOTHYECKUMU JOCTHKEHUSAMH.

B kayecTBe HOBOH 1M TeOJE€3UYECKOTO OO0eClneyeHus YCTOMYHUBOTO
Pa3BUTHS TEPPUTOPHUIN BBICTYMAET MOTPEOHOCTh B MHTETPUPOBAHUU HA EIUHOUN
MPOCTPAHCTBEHHOM OCHOBE MHGOPMALMHM pPa3IWYHBIX OTpacieil 3KOHOMUKH U
KU3HU 00111ecTBa B 00111ee MHGOPMAITMOHHOE TIPOCTPAHCTBO, TOCTPOCHHOE HA €IUHOM
UJICONIOTUH, EAWHBIX TPHUHIMIAX W YAOBJIETBOPSIONIEE EIUHBIM TPEOOBAHUSIM.
CrenoBareibHo, COBPEMEHHOE  T€0JE3UYECKOE o0OecrieueHre  JOJKHO
VIOBICTBOPSITh ATUM HOBBIM IIEJSIM, YCIOBUSIM, TPEOOBAHUSIM: BO-TIEPBBIX, OBITH
OCHOBOW JIS B3aUMHOM YBSI3KM M COBMECTHOTO UCIIOJb30BaHUS MHOXECTBA
MPUPOJIHBIX U DKOJOTUUYECKUX XapaKTEPUCTUK U, BO-BTOPHIX, O3BOJISITH COXPAHATH
U COIOCTaBIATh MOJIENM COCTOSHUN TEPPUTOPUM COBPEMEHHBIX M IPOILIBIX
nepuogoB. Kpome Toro, o0si3arefnbHBIM ABIsE€TCS TpeOOBaHUE NPEAOCTABIAThH
pe3yabratel B IUdpoBoii (popme, obOecneuyuBarolieii KOMIBIOTEPHBIA aHAIU3 M
reoMH(pOPMALIMOHHYIO 00pPa0OTKY TaHHBIX.

HoBrsle TexHUYECKHE U TEXHOJIOTUYECKHE BO3MOXKHOCTH OA3UPYIOTCSI Ha HOBBIX
METOAaX M CpeacTBaX cOopa W KOMIBIOTEPHOH 00pabOTKH MPOCTPAHCTBEHHBIX
JaHHBIX. MeToAbl ONpeeeHus MOJI0KEHHUSI TOYEK MECTHOCTH BBILUIM B MOCJIEIHUE
rofbl Ha HOBBIM Kaue€CTBEHHBIH YpPOBEHb B CBA3M C MPUMEHEHUEM CITYTHUKOBBIX
TEXHOJIOTUM,  3JNEKTPOHHBIX  TaXEOMETPOB,  JIA3€PHOIO  CKAHUPOBAaHUA WU
AUCTAHIIMOHHOTO  30HAMPOBAHHUA C  MCHOJB30BAHMEM LU(GPOBBIX  METOJOB.



MopenupoBaHue OKpY>Karollero MpoCTPaHCTBA CTANO0 OCYIIECTBIATHCS B LU(PPOBOH
dopme ¢ cobmoneHueM — TpeOOBaHMM  KOMIIBIOTEPHOTO  BOCIIPHSTHS,
IPOCTPAaHCTBEHHO-BPEMEHHOMN YETBIPEXMEPHOCTH, COBMECTUMOCTH U
COIIACOBAHHOCTH MOJEJEH pa3HOro Macmrada M TEeMaTHYeCKOTO Ha3HA4YeHUS.
[losiBMIMCh HOBBIE KOMITBIOTEPHBIE TEXHOJIOTUM HAKOIUIEHHs, OOHOBJIEHUS U
UCIIOJIb30BAHMS T€ONPOCTPAHCTBEHHBIX JTAHHBIX B I'€OJE3UUECKUX TEPPUTOPHUAIIBHBIX
OaHkax JaHHbIX. Bce Oosee mmMpokoe NpUMEHEHUE HaXOAST NeOMH(OpPMALMOHHbIE
cuctemsl (I'IC).

B cuity npuBeneHHbBIX TPUYMH, TPEOOBAHUI U YCIOBHM B I€0JI€3UH B HACTOALLIEE
BpeMsl aKTUBHO (OPMHUpPYETCS U DPa3BUBACTCA HOBOE KOMIUIEKCHOE HAarpaBiIeHUE,
CBSI3aHHOE C TPUMEHEHHEM COBPEMEHHBIX TIeOMH(OPMAIIMOHHBIX METOAOB IS
MOJTyYEHUSI U MCIOJIb30BAHUS MPOCTPAHCTBEHHOM MH(OPMALIMK O TEPPUTOPHUSX BCEX
MEPapXUYECKUX YPOBHEM.

B npouecce cranoBieHus: U GOpMUPOBaHUS YKa3aHHOTO HAIPaBICHUS BO3HUKIIA
KpyIlHas Hay4dHas IpoOjema MPUBEACHUS T€01e3UUeCKOro 00ecnedyeHus: TeppUTopuit
B COOTBETCTBHE C COBPEMEHHBIMU TPEOOBAaHUSIMU HAa HOBOW METOJOJIOTMYECKOU U
TEXHOJIOTMYECKOW HMH(POPMALIMOHHOM OCHOBE C YYETOM MOTPEOHOCTH B HX
YCTOMYUBOM Pa3BUTHUHU.

CuctemMHOE pellleHHe YKa3aHHOM MpoOieMbl BO3MOXKHO ITyTeM (POPMHUPOBAHUS
HOBOI'O YpPOBHS I'€0/I€3MUECKON JEATEIbHOCTH — I€0/Ie3UYECKOro MH(OPMAIIMOHHOTO
obGecrieueHua. OH mpeAcTaBisieT 0000HIAIONIMIA  TNPOIYKT Pa3BUTUSL  3TOrO
KOMIUIEKCHOTO HAmpaBJIEHHUs B BUAE LIEIOCTHOM TIeOJAE3MYECKOM MPOCTPAHCTBEHHOU
uHpopmanmonHo cucrembl (I'TIMC) obGecnieueHusi yCTOMYMBOIO  Pa3BUTHS
TEPPUTOPUHM, OPHEHTUPOBAHHON Ha (HOPMUPOBAHME U HCHOJB30BAHUE E€IUHON
KOMITBIOTEPHO CTPYKTYPUPOBAHHOM CUCTEMbI HH(DOPMALIUK O TEPPUTOPUH, Ha3BAHHOM
HaMU T€OUH()OPMAITUOHHBIM MTPOCTPAHCTBOM.

TexHuueckue AOCTHKEHUS B 00JACTH I€0J€3MUE€CKUX METOJOB U TEXHOJIOTHUH,
UX JIOCTYMHOCTb W MPOCTOTAa B UCIOJIB30BAaHUU OOYCIIOBUIIM CYLIECTBEHHOE
pacmmpeHue o0JacTeil UX MNPUMEHEHHsS HEMOCPEIACTBEHHO B TEXHOJIOTHYECKUX
mmporeccax oTpacieil 3KOHOMUKH. [loaToMy reonesmdeckas HMPOCTPaHCTBEHHAs
uH(pOpMallMOHHAs cuUcTeMa Oa3upyeTcs Ha BKIIOUYEHHH METOAOB TIeOJe3Un
HEIMOCPEJICTBEHHO B TEXHOJOTHYECKHEe MH(POPMAIMOHHBIE OTpAaciieBble MPOLECCHI,
41O oOO€eclneynBaeT TMOJyYeHHE TEMaTHUYeCKOW MPOCTPAHCTBEHHO-TIPUBA3aHHON
MH(popMauKu cpazy Kak 4acTU T€OMH(POPMAIMOHHOTO MPOCTPAHCTBA, MPUTOIHON
JUIST. MEXKIUCUUIUIMHAPHOTO HCTofib3oBaHusA. KpoMme Toro, mpu pemeHud Jro0ou
MPOCTPAHCTBEHHOM 3a/layul Jisl TEPPUTOPUU MNPpeaMeToM 00padoTKH SBJsIETCS
TOJILKO NMPOCTPAHCTBEHHAs (KOOPAUHATHASI) MH(OpPMALMS, [T0JTydyaeMasl TOJIbKO
reoJIe3M4eCKMMHU METO/IaMH, HE3aBUCUMO OT OTPACIIH.

OT0  co3maer  MPEANoOChUIKM  JJIE ~ WHTETPUPOBAHUS  OTPACIEBBIX
WH()OPMAITMOHHBIX (POHJIOB HA €AMHON MTPOCTPAHCTBEHHOW OCHOBE.

Takum o00pa3zom, reomesmveckoe oOecreueHHUE TEPPUTOPUN B COBPEMEHHBIX
YCIOBUSIX JIOJDKHO MpHOOpecTd HOBYIO (OpPMY CHCTEMHOTO HWHTETPUPYIOIIETO
KOMITOHEHTA, MPEIHAa3HAYEHHOTO Ui (OPMHUPOBAHUS U HCHOJIB30BaHUS OOIIETo
MHOTOACIIEKTHOTO T€OMH(OPMALIMOHHOTO TPOCTPAHCTBA, OTOOPAXKAIOIIETO BCIO
COBOKYITHOCTh IPOCTPAHCTBEHHBIX XapaKTEPUCTUK TeppuTopuid. CremnoBareibHO,



COOTBETCTBYIOIIMM 00pa3oM JODKHA M3MEHHUTHCS METOMOJIOTHUS  BBIMOJIHEHUS
reosie3nueckux padot. Peanmuzanus paccmarpuBaeMOd HaydHOH MNpoOiIeMbl IMyTEM
pa3pabOTKu Teole3UYeCKOM MPOCTPAHCTBEHHOM HMH(POPMALIMOHHOW CHCTEMBI
ABJISIETCS AKTYaJIbHOM U NMEET BAXKHOE HApPOAHO-X03AMCTBEHHOE 3HAUYCHUE.
Cornacio [1], reomHpopmanoHHOE oOOecnedyeHne — 3TO  HOBBIN,
pPa3BUBAIOIIMICA HAa OCHOBE KOMIIBIOTEPHBIX M T€OMH()POPMALMOHHBIX TEXHOJIOTMH
BUJ JIEATENbHOCTH IO YAOBIETBOPEHUID DJKOHOMHUYECKUX M  OOILECTBEHHBIX
noTpeOHOCTEN B MHOTOACTIEKTHON MPOCTPAHCTBEHHON MHPOPMALIMUA O TEPPUTOPUSIX
U UX TPOU3BOJAHBIX, MyTEM cOOpa MPOCTPAHCTBEHHBIX MAHHBIX, (HOPMHPOBAHHUS
reouHpopMaly, €€ WHTETpaly B €IWHOE TeOMH(OPMAIIMOHHOE MPOCTPAHCTBO,
MOHHUTOPUHIA, MOJEIUPOBAaHUS  TEPPUTOPHM, IPOCTPAHCTBEHHOIO  AHAJIN3A,
ITIOATOTOBKH ITPOCTPAHCTBEHHBIX PEMIEHNN, BU3YAIN3AaUH U PACTIPOCTPAHEHUS.
CoBpeMEHHOE COCTOSIHME FE€ONH(OPMALIMOHHOTO O0ECIIEUEHUS XapaKTEPU3yeTC sl

CJIEIYIOLIUM:
1. Henmocrarok TeopeTuueckux pa3paboTok. Kmerorcs He3aBeplIEHHbBIC
JTUCKYCCUOHHBIE ~ pabOThl 1O  TEPMHUHOJOTHH,  OOBEKTY  HCCJIEIOBaHUS

reouHpopmaruki. Pa3paboTaHbl  METOAMKM  NPOCTEHIIEr0  MOZAEIMPOBAHUS
IPOCTPAHCTBEHHBIX OOBEKTOB U MPOCTPAHCTBEHHOIO aHaiu3a. MmeroTcs oTnenbHbIe
METOJMKH NPOCTPAHCTBEHHBIX PEILICHU.

2. Xopoiiee reoMH(MOPMALMOHHOE MPOrpaMMHOE OOecreyeHre, B OCHOBHOM
VIOBJIETBOPSIIOIIEE COBPEMEHHBIE MPAKTUYECKUE MOTPEOHOCTH pa3pabOTKU U
skcruryaranuu ['MIC Ha sTanax cbopa reouHpopMaiu, npeodpazoBaHus MPOSKIU U
CUCTEM KOOPJIMHAT, MOJIETTUPOBAHUS IPOCTPAHCTBEHHBIX 00BEKTOB,
MPOCTPAHCTBEHHOTO aHAJN3A.

3. TUC coznatorcsi, B OCHOBHOM, JUIsI PEIICHUS KOHKPETHBIX OTPACIIEBBIX
3a/1a4, HampuMep, 3€MENIbHbIA U TpaJloCTPOUTENbHBIA KaJacTpbl, TPAHCHOPTHBIE
3ajaud, TpeanpusTHs  HedTerazoBoro  kKoMmiuiekca u  jAp.  Pazpabotke
TEPPUTOPHAIBHBIX MexoTpaciaeBblx [MC mpensaTcTBYIOT MEKBEIOMCTBEHHBIE
pasHoriacusi U OTCYTCTBUE TEOpPETUYECKOW 0a3bl, rapaHTUPYIOLIEH 3HAUYHUTEIbHYIO
MIPOJOJKUTEIBHOCTD KU3HU U PA3BUTHE CUCTEMBI.

4. TeoundpopmammoHHOE  OOecCIledeHWE B CO3HAHMM  OOJIBIIMHCTBA
CHEUUAJUCTOB, C OJHOM CTOPOHBI, TECHO CBSI3AHO C  TEOAE3HYECKO-
KapTorpadudyeckuMm obecrmeueHneM TeppuTopuid [2] u, ¢ Apyroil CTOPOHHBI,
OpraHUYeCKHd BXOJUT B Kau€CTBE 3JIEMEHTa MH(GOPMALMOHHOTO OOecleyeHus Bcex
OTpaciiel HapOJHOIO XO35AKWCTBA, OCYUIECTBISIIOIIUX CBOK JEATEIBHOCTh Ha
TEPPUTOPUSAX, KAK ITO CXeMaTHYECKU U300paKeHO Ha pucyHke [3].

3ameTrM, YTO  HCHOJB30BaHHWE TE€OMH(OPMAIMOHHOTO  OOECTeUeHUs
TEPPUTOPUH BO MHOTHX OTPACIAX HE SBISECTCS OCHOBAaHUEM JJISl UX OOBEIMHEHUS
B €IUHYI0 c]epy AesATEIbHOCTH W HAa OCHOBE OJHON HAyYHOM IHCUMIUIMHBI —
reonHpopMaTuku. ITO MOAOOHO TOMY, KaK HCIOJb30BAaHUE TECOPUM, MPOTPAMM U
METOJIHUK SKOHOMHYECKOTO aHaJu3a WM OyXrajaTepcKoro yuéra He JaéT OCHOBAHUS
sl O0bEIMHEHUSI BCEX OTpaciiedl B NUCUMILUIMHBI SKOHOMHYECKOTO aHaJn3a WM
OyXraaTepckoro yuéra.
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Henponoab3oBanue

TI'eounghopmayuonnoe obecneuenue meppumopuu

Puc. CBs3b reonHOpMaImOHHOTO 00€CTICUCHUS TEPPUTOPUH C OTPACIISIMU
HApOIHOTO XO351CTBA

['eone3nueckoe obOecrieyeHUE TEPPUTOPUM TaKkKe HCHOIb3YEeTCI MHOTUMU
OTpaciiIMH, U IPUMEHEHUE T€OUH(POPMALIMOHHBIX TEXHOJIOTUI B F€0A€3UU MO3BOJISET
BBIIIOJIHATh €0 HAa COBPEMEHHOM HAy4YHO-TEXHUYECKOM YPOBHE M MOBBIIATH €TI0
3 (HEKTUBHOCTD.

B coBpemenHbIX ycnoBusAx B Poccum B CB3M € 3aTAHYBIIMMUCS IIPOLIECCAMU
pedopMHpOBaHUS T€OE3NUECKOIN OTpaciu HabIONaeTCsl HEONpeaeaeHHOCTh. C O1HOM
CTOPOHBI, IPOTUBOPEUHE MEXKIY CTPEMUTEIBHBIM POCTOM  TEXHOJOTWM B
re0/Ie3NYECKON OTpaciv W WX KBaJU(UIMPOBAHHBIM TMOTPEOJICHUEM JUISl PEIICHHUS
3amad MHMOPMAIIMOHHOTO OO0IecTBa Bce Oosee obocTpsiercss u yBenuuuBaetcs. C
ApYroi CTOPOHBI, HAONIOAAETCS TEXHOJIOIMYECKUH NPOPBHIB IeonH(OPMAIMOHHOTO
o0ecrieyeHHsT pa3IWYHbIX OTpaciiell, W 93T0, Kak I[pPaBWJIO, OCYILECTBISIETCS
Henpo(deccuOHaNbHO, HA PHIHOK BBIXOJST TaK Ha3bIBA€Mble «OM3HECMEHBI», KOTOPbHIE
XOTAT CKOJIOTUTH B 3TOM Hepaz0eprxe KaruTall.

UYro xe mpoucxonut? Ilpexnae Bcero, mocneqnue 15 et HaOMONAIOCh Ma/IEHUE
no3ulmii miaBHou reoje3nueckord ciayxOel — or ['YIuK mpu CM CCCP wu
Pockaprorpadbun  npu IlpaButensctBe P® no otmena kaprorpaduu B HOBOM
cTpyktype Pocpeectpa. B Hacrosmee Bpems opranuzoBaHo OAO «Pockaprorpadus»
— OJIHO MPEANpUATHE HA OrPOMHYI0 Poccuro. AHaAJIOrOB «pa3BUTHS IEOAE3NUYECKON
ciyx0b1, kak B Poccuu, B Mupe Her. HampoTuB, BO BceX pa3BUTHIX CTpaHAX MUPA
CYIIECTBYIOT HAallMOHAJbHBIC TEOJE3UUYECKHE CIYXKObl, KOTOpPBIE PEIIAIOT IIUPOKHUNA
CHEKTP 3a7a4 — OT BHEUIHUX JI0 PETMOHAIIbHBIX, MyHUIIUIIAJIbHBIX U MPOMBIIUICHHBIX,
a Takxke rpaxiaaHckux. PasBuBarommecs crpansl npu nopaepxkke M®PIT mayr mo
TaKOMY K€ TTyTH, YCUITUBAsI CBOU TTO3UITUU B OOJIACTH TEOJIC3UU.

[Ipouzonwio mepepacrpeneneHue (yHKUUNA B TeOIE3UYECKON OTpacau MEXIY
Oenepanueid u cyorekramu P®. Bo3moxkHo, 3170 u mpaBwibHO. Ho uTO siBisieTcst
O0OBEAMHSIONIMM 1 HAITPABJISIFOIIIUM OPTraHOM CO CTOPOHBI TOCyapcTBa?

Tepputopuu Mosy4niIMn onpeneacHHbIe MOJTHOMOUHUS, HO 3/1ECh Ta e MpodiieMa —
OTCYTCTBHE MPO(PECCHOHATBLHOTO OpraHa, OObEAUHSIONIETO W  PEATU3YIOIIEro
MIMPOKUH CHEKTP 3a]1a4 Te0/Ie3MUECKOT0 HH(POPMALIMOHHOTO 00eCIIEYeHUs TEPPUTOPHIA
Ha €IUHOW NPOCTPAHCTBEHHOM OCHOBE IJIsi BCEX OTpaciied 3KOHOMHUKH CyObeKTa
denepanumu.



ChopmynmupyeM OCHOBHBIE MPOOIEMbl TEOMH(GOPMAITMOHHOTO 00ECTICUCHUS
COBPEMEHHOTO O0IIeCTBa U TeppuTOpuii B PD:

1. OtcyTrcTBHE TOCYAApCTBEHHOTO OpraHa, pPEryJUpPYIOLIEro TIe0/Ie3UUecKyIo
JesTeNIbHOCTh Ha ypoBHE Denepanuu.

2. OTCcyTCTBHE pEryJMpYyIOUIEr0 MU KOHTPOJMPYIOIIET0 opraHa B o00JacTu
re0JIe3NYECKOro MHPOPMAIIMOHHOTO O0ECTIeUeHUsI TEPPUTOPHil B cyObekTax PO.

3. VYruyOnsromasicss MekoTpaciieBasg pa3oOUIeHHOCTh Ha ¢eAepalbHOM U
PErMOHAILHOM YPOBHSIX.

4. OTtcyTCcTBHE HOPMATUBHO-IIPABOBBIX AKTOB, PETYIUPYIOUIUX T'€OJIE3UUYECKYIO
NESATEIbHOCT.

5. IlpotuBopeunsi MEXJIy TEXHUUYECKHMM M TEXHOJOTMYECKUM IPOTPECCOM B
o0JlacTU T€oAEe3UM W HOPMATHMBHBIMU pErjaMEHTaMU, OMPEICISIONMMU TpaBuia
reoJIe3nYECKOro NH(HOPMALMOHHOTO O0ECIEeUEHUsI Pa3IMYHbIX OTpaciieil SKOHOMHKHU.
CyniecTByIOIIME PETTIAMEHTHI «3aMPEIAl0T» IPUMEHEHUE HOBEHIIINX TEXHOJIOTHIA.

6. IlpodeccronanbHass HEKOMIETEHTHOCTh PYKOBOJMTEICH W MX IEpCOHANa,
MCIOJIL3YIOLIUX PE3YJIbTaThl TEOMH(DOPMAIIMOHHOTO O0ECTICUeHHs JIJIsl PEIICHUs 3a/1a4
COOTBETCTBYIOIIEH OTPACIIH.

B Hacrosmee Bpemsa B psanae peruoHoB Poccuu NposBIAIOTCS WHHOBALMU B
o0acTu «OONbIION» re0e3uu — ITO BO3MOXKHO OJ1arosiapsi MHUIIMATUBHBIM JIIOJSM U
HNOJEPKKE psAla pPyKOBOIUTENEH, AaK€ HA YPOBHE I'yOepHATopoB. Jla, 3TH peruoHsI
ONEPEKAIOT NPYTHE MO PsAYy HANpaBIEHWUW, HO Uil YCTOMYMBOIO TE€OAE3UYECKOTO
MH(OPMAIIMOHHOTO OO0ECIEeYeHUs] TOCYIapCTBa, TEPPUTOPUI U COBPEMEHHOIO
oO1ecTBa TpedyeTcsl TpPaMOTHBIM CUCTEMHBIN TIOJX0/1 HA YPOBHE rocyaapcTsa [4].
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Mynbtucencopaas cuctema GOCA (GNSS/LPS/LS-based Online Control and Alarm
System) ucnonb3yeTcs i1 MOHUTOPHUHTA U aHanu3a aedopMaruii 00bEKTOB B PEKUME PEATLHOIO
BPEMEHH, Ha OCHOBE PE3YJIbTATOB T€OJIE3NMYECKUX H3MEPEHH, TOTYYEHHBIX C HMCIIOJIb30BaHUEM
CITyTHUKOBBIX HaBUTanMoHHbBIX cucteM GNSS/GPS, anextponHbix TaxeomerpoB (LPS), o0br4HBIX 1
THIPOCTATHYECKUX HHUBEIUPOB, M JIOKANbHBIX ceHcopoB (LS). GOCA Obiia paspaborana s
MOHUTOPHUHTA CTUXUUHBIX OEICTBHUI, TEXHUUECKUX COOPYKEHHH (Hampumep, IUIOTHH) U 3JaHUH.
Cucrema GOCA o0pabaTbiBaeT JaHHBIE CEHCOPOB B 3 3Tama, BHIIOJIHSAET ypaBHUBAHUE U aHAIH3
nedopmanuii B peasbHOM BpeMeHH. CHucTeMa BBIUUCIISAET MOJI0KEHUE, CKOPOCTh M YCKOPEHHE IS
KOKJIOH TOYkd OOBEKTa B E€IWHOM TPEXMEPHOW cHCTeMe KoopAuHaT. B Hacrosmieit crarbe
OIMCBIBAIOTCS UCIIOJIB3YEMbIE B CUCTEME MaTeMaTHUYECKUE MOJIENIH T'€01e3UYECKOr0 MOHUTOPUHTA,
OCHOBAaHHBIE Ha KIACCHYECKHX METOJaX YypaBHHBAHMUS TEONE3WYECKHX CETeH, a TakKxkKe
COOTBETCTBYIOLIME TPHUHIMIIBI OLEHKH U aJIrOpUTMbl. BakHEHIIMMHU >TarmamMu aHaIu3a
nedopmaruii SBISIFOTCS, BO-TIEPBBIX, TPEXMEpHasi OIlEHKA CMEIICHWH B pealbHOM BPEMEHH, BO-
BTOpBIX, (punbTparms Kanmana, xoTopas HpeAoCTaBisieT BEKTOP COCTOSIHMS TOUeK OOBEKTa, a
TaKkKe BKJIIOYAET B Ce0sI MPOTHO3MPOBAHME M HACTPOMKH OTOBEHICHUS 00 ONACHBIX CMEIICHUSX.
WuTepdeiichl BXOAHBIX M BBIXOAHBIX JaHHBIX cucTeMbl GOCA uMEIOT OTKpHITHI ¢opmar u
IpeHa3HAuCHBI ISl BCEX BHJOB PE3YJIBTATOB M3MEPEHUH 1 MOHUTOPUHTA. Bce BBIXOHBIE TaHHBIE
GOCA wmoryT B JanbHEWIIIEM HCIIONB30BAThCSI B KOMIUIEKCHBIX CHCTEMax aHalu3a jaedopmarmii,
TaKuX, HapuMep, Kak MOJIeIh KOHEYHBIX dyieMeHToB FEM.
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The real-time multi-sensor system GOCA (GNSS/LPS/LS based Online Control and Alarm
System) applies GNSS/GPS, terrestrial sensors (LPS) e.g. total stations, leveling and hydrostatic
leveling instruments and local sensors (LS) for a deformation monitoring and analysis. GOCA is
designed for monitoring of natural hazards, geotechnical structures, constructions and buildings,
and for dams. The GOCA-software is responsible for the further processing of the sensor data in a
three steps sequential real-time adjustment and deformation analysis procedure, where GOCA
provides displacements, velocities and accelerations in a unique three-dimensional coordinate-
system. The respective mathematical models of a geodetic monitoring, which are based on the
classical standard of a geodetic network adjustment, as well as the respective estimation principles
and algorithms, are presented. A first focus concerning the deformation analysis is set on the 3D
online displacement estimation. A second focus is due to the Kalman-Filtering, which provides
additionally also the object-point state vector of the velocities and accelerations, and includes a
respective forecasting, and an alarm-setting. The input data interface of the GOCA-system is open



for all kind of monitoring data, and the output data interface is again open for all above state vectors
computed by the GOCA-software. So all GOCA output data is useable as input for integrated
system analysis approaches in structural monitoring, such as e.g. FEM analysis software. A GOCA
example is presented with respect to a dam monitoring project. Finally the geomonitoring chain is
pointed out. In the GOCA-system it is realized by the software packages GNSSControl/TPSControl,
GOCA deformation-analysis software, GOCAEarth and GOCA-Alarm, and for planning of
geomonitoring arrays by the software Virtual GOCA.

Key words: Online geomonitoring, network adjustment, deformation analysis, Kalman
filtering, displacement-estimation, alarm-management, reporting, data-communication, early
warning, robust estimation, GNSS, total stations, levelling, geomonitoring chain, virtual sensor-data
simulation, planning of geomonitoring networks, integrated analysis, FEM.

Beenenue

AnmnapatHoe obecneuenne cucteMbl GOCA wMoxkeT BKIOYarb B ce0s
GNSS/GPS-niprieMHUKH, SJIEKTPOHHBIC TAaXEOMETPHl M HHUBEIHPHI, HA OCHOBE WX
JAHHBIX BBIUUCISIETCS BEKTOP CMEHIEHUH Y(t), CKOPOCTH M YCKOPEHHUsSI TOUEK 00bEeKTa
(em.puc.1, [5]-[8], [10]-14], www.goca.info). yig KOMIICKCHOTO aHaJnM3a
nedopmanuii [5] Takke MOTYT HCMOJB30BaThCsl JOKajdbHbie ceHcophl (LS), kak
HaIpuMep, TaTYNKH HATSHKCHUS U MEXaHWYIECKOTO HanpsDKeHUsI. B HacTosee Bpems
cucteMa GOCA wucnonb3yercsa st MOHUTOpUHTa O6osiee 30 KpymHBIX MH)KEHEPHBIX
coopyxeHuit 1o Bcemy mupy [4]. Jlanabie GNSS u LPS-naGmronennii ncmoiab3yoTcs
JUTSI CO3/TaHMsI KITACCUYECKUX TeOJe3MUECKUX CeTell HaOMtoAeHus 3a JedopMalusiMu
([6], [10]), ypaBHUBaHHE KOTOPBIX IPOUCXOJUT IOCTOSHHO, B pexume online.
Krnaccuueckast reojesnueckasi ceTh ISl BBIABICHHUS JedopManuii COCTOUT U3
CTaOMJIBHOM 00JIACTH Xg M MOABMKHBIX TOYEK 00beKTa X (t) (puc. 1). Beruncnenus

no3uLUil X U X (t) mpoBoasATCA MOC/IENOBATENBHO HA 1-M M 2-M 3Tamax aHaiau3a

nedopmanmii B cucteme GOCA. VYpaBHeHHBIE Ha 2-M JTarnie BPEMEHHBIE PSAJIbI
KOOp/IMHAT TOYEK O0BEKTa X (t) (coxpamstorcs B dopmare *.FIN, cm. puc. 2) u
COOTBETCTBYIOIIAsg KoBapuaunoHHas marpuua C, (t) ucnonb3yrorcss B JaibHEHIIEM
IJI1 OLIEHKM BEKTOPOB CMEIICHUS B TPEXMEPHOM CHCTEME KOoOpauHar Ug (1),
ckopoctu Ug (t) u yckopenust Ug(t) Touek oObexta. 3-M 9Tam — 3Tal aHaIM3a
nedopmanmii B GOCA — npoxoaut mnapamiensHo 2-my. Jlepopmarmonnsiii aHamms
BKJIFOUAET TaKWe KOMIIOHEHTHI, KaK: I[apaMeTpuieckas MOJEIN OICHKA TIO0
ckonb3simemy cpeaHemy (MVE), kmaccuueckass omenka cmemenuit (SHT) wu
¢dunprpanus Kanmana (KAL, VHS) (puc. 2).

Janusie I(t) JokanbHbIX ceHcopoB (LS) moryr oOpabatsiBaTbesi Ha 3-eM dTare
aHaJIn3a, TMPUMEHss yka3zaHHble Bblie MetTonbl oueHku MVE, SHT u KAL
HEMOCPEACTBEHHO K BEKTOPY CMeIIeHUi y(t), KOTOpBIA MOACIUPYET HCXOIHBIC
JaHHBIE KaK HEMOCPEACTBEHHbIC HAOMIoAeHWs. B kauecTBe anbTepHATHUBBHI TIPH
CUCTEMHOM aHaJIN3€ MOXXET ObITh MPUMEHEH TaK Ha3bIBAEMBII TIOIX0/T KOMIUIEKCHOTO
ananm3a nedopmanuu ([4], [8], [9]). CucTemHbIi aHAN3 WK "KOMIUIEKCHAS MOJIEIh"
MOXET NPUMEHATHCA [JIsl TEOJEe3MYEeCKOr0 MOHUTOPHMHTa U 00palOTKH  ero
pe3ylnbpTaToB — a HMeHHO, Ug(t), Ug(t) m Ug(t) , mammeix () soxanpHBIX

reOMEeTPUYECKUX (HarpuMep, THKIMHOMETPbI) U TEXHUYECKUX CEHCOPOB (Hampumep,



narunku nasnenus) (LS), a Takke MO3BOJSET ONCHUTH TOMOIHUTEIbHBIC (PU3NYECKIE
napameTpsl P o0bekTa. Cxema notokoB AaHHbIX B cucteMe GOCA u ux untepdeiico
nokazaHbl Ha puc. 2. KOMIIOHEHTHI YINpaBiCHUS alllapaTHbIM OOECIEUeHUEM H
KOMMYHHKAIITMIOHHOE MPOrpaMMHOE oOecliedeHre TMpeaHa3HauYeHbl ISl YIIPaBICHUS
CEHCOpaMU M Tepefady JaHHbIX B MaccuB ceHcopoB cuctembl GOCA. JlanHble
HaOmronerniin GNSS/LPS/LS-ceHcopoB ¢ OTMETKOW BpPEMEHH NPEAOCTABIISIOTCS B
otkpeiToM (opmare *.GKA [4]. Jlanubie B *.GKA crpynnupoBaHbl IO THIIaM
coobmenuit paznuuHbix ceHcopoB. Crpykrypa GKA-¢aiina amantupoBaHa K
BBIXOMHBIM qaHHBIM GNSS (6a30Bble TUHUYN U ceccur), cTanaapTy LPS-nabmoneHmit
(3€HUTHOE PACCTOSTHUE, TOPU3OHTAITLHOE TPOJIOKEHHE, YTOJI HAKJIOHA, IMPEBHITIICHUE)
Y BBIXOJHBIM JaHHBIM PAa3JIUYHBIX JJOKAJIbHBIX ceHCOPOB (LS).

Puc. 1. Knaccuueckoe npezacrasienue nepopmannoHHon ceTi. OMopHbIe TOUKH xg C
HOABWXHBIMUA OOBEKTHBIMU TOUKaMH X (t)

[Ipu 0OpaboTKe MaHHBIX B pPeXXUME BpeMEHH, OJM3koM K peanbHoMy, RINEX-
daiiner  GNSS-m3mepenuit  Moryt mnepenaBatbess B mporpammy GOCA, mns
fanpHene o0pabOTKM, C TOMOIIBI0  COOTBETCTBYIOUIETO  IPOrPaMMHOTO
obecreueHus1, ympapisitomero ceacopamu (puc. 2). Pesynbrarer 06padotkn RINEX-
¢aiinoB xouBeptupyorcs B popmar GKA. OcHOBHOH 3aia4eil U KOHEUHOM LEIbI0
aHanm3a nedopmaruii Ha 3-m osrtame obOpabotku B mporpamme GOCA sBusercs



HACTPOWKA OMOBEHICHUS B cllydae OOHApPYKEHUS KPUTHYCCKUX 3HAUYCHUU
CYIIECTBEHHBIX IapaMeTpoB Uq (1), Ug(t), Uy (t), BerunciaeHHbx Bo Bpems MVE,

SHT u KAL-onenuBanus. COOTBETCTBYIOIIHME MPEAYNPEXKIAONINE COOOIIEHUS
coxpansitorcss B ¢dainax ¢opmara *.ALR. TlporpamMmma aBapuitHOTO OMOBEIICHUS
GOCA o0OpabaTpiBaeT WX COBMECTHO ¢ HH(poOpMaIuend o cOOsIX CEHCOPOB (TOXKE B
dopmare *.ALR), co3maer u mocbulaeT mnpeaynpexacHus (Hampumep, SMA).
3aapxuBupoBanHbie (Qaitnel popmaroB *.FIN, * MVE, *.SHT, *KAL *VHS
ABIISIIOTCSL TAKXKE OTKPBITBIM HHTEP(EcoOM BBIXOAHBIX IaHHBIX ISl BCEX BHUOB
TaJbHENIe 00pabOTKM, TaKMX KaK TOCIEeNOBaTeNbHAS BH3yaIM3allMsl W aHAIU3,
onopemenre, GIS u BeO-aHanu3, npencraeBineHue (k mpumepy, B Google-Earth),
BBIUMCIICHUS JUTSI BUPTYATbHBIX CEHCOPOB M CHCTEMHBIN aHaIu3 e OopMaIiuii.

MotoyHaa auarpamma GOCA

OnopHble
TOUKM

R

MoaBWKHEIE
0Bk eKkTHEIE
TOMKM

N X

[y 3

Pesynetatel PeayneTtatel DOuneTpauma

OUEHKU N0 [OLEHKK CMELLeHUA Kanmana
CKONb3ALLEMY Peaynetatel U

/—T\\ dran 1: Jran 2: Jran 3:
v Munupmanusauma lFeopedeperHumn Ananua pedopmaumn
ONOPHBIX TOYEK C 3D noaB KHBIX OHNaiiH 1 2aKNIDYUTENbHAA
Janmie GKA Ranueie GNSSILPS | 64010 . [ o06bexTHbix Touek ¢ paborka :
- GNSS.5a30BbIe NHHMM YPaBHHUBAHUA ceTel NOMOWbI0 YPaBHUBAHWS - OLEHKa N0 CKONb3AUEHY
-GNSS-Ceccum S cpeaHeMy
- LPS-3amepbl 00wei - OueHKka cMewWweHus
CTaHLMK HaHHeie LS - OunbTpaumun Kannana
- LS-3amepbl ypoBHE#R *|-MporHo3upopanue
- LS-3aMepbl NoK. CEHCOpoB “ JaknwouutensHas obpaboTka:
NO GOCA aHanuza aechopmMauun - Ouena wonerons
| |
Mo - Cumynauma MO no cbopy AAHHbIX
Virtual GOCA GOCA-GNSS Koutponb
- ANpHOPHBIE KAYBCTBA FapaHTHd GOCA-TPS-Kontpons ALR-fannvie
MoHUTOpUHIOE 0i KoHLenuuu MONITOR @ GeoNav-Trimble OnoBeweHns KacawwMecs caMoro ceHcopa
- I drexTueroe passuTue N0 -CeHCOpHbIN KOHTPoAb M KoMMyHHKa LA ¢ (kauecTeo cBA3y, 3apAg BaTapen)
MMaHUTOp UHT NOMOLLEH) LAN, WLAN, RS232 Onopewenns kacawuwweca PesynbtatoB Avanuza
- Beibopka gaHHblx 1 KomMmMyHUKaUuA ¢ (OueHka no ckonb3alWwemy cpeademy, OueHka
NOMOLLEH) LAN, WLAN, GSM, NTRIP crmeleHua, OuneTpauua Kanmana u Mpordoz)

'

Nno-Alarm(Onoseuwexnune)
- GOCA-Alarm

Harrivie Crexne gannsie ‘__—J/——‘__“
RINEX GNSS, LPS, LS
Aanrisie Cencopor Onosemwenue no SMS, Email, Curnan...

e S

Puc. 2. CxeMa mOTOKOB JTaHHBIX ¥ 3TaoB aHanu3a aedopmarnmii 8 110 GOCA

KOHIEIIINA AHAJIU3A I[E(I)OPMAI_[I/Iﬂ B I1O GOCA.
[IpyuHIMIIBI OLIEHKU B CUCTEME OHJIAMH — MOHUTOPHUHTA
OueHka pa3MYHbIX TNapaMeTpoB Y (KMCXOAHBIE KOOPAWMHATHI M KOOPIUHATHI

TOYEK OOBEKTa, CMEUIEHUE U T.II.), KaKk (PyHKIHI pe3ylbTaTOB U3MEPEHUN CEHCOPOB
I =1(y) u ux xoBapuaumoHHou Marpunel C,, ocymectsisercs B mporpamme GOCA B

Tpu dTana (puc. 2). OneHka napaMeTpoB OCHOBaHA Ha 00IIel KOHIENIUA M-OIeHKH



[6] B Mogenu T'aycca-MapxkoBa [3]. OcHoBoli Mmonenu ['aycca-MapkoBa SIBISIFOTCS
JIBa KOMIIOHEHTa — (DyHKIIMOHAIbHAS U CTOXacTHUeCcKas Mojiein. PaccMoTpum:

| =l-¢=1(Yy) u C, (1a,b)

3HaK “ ~ 7, COOTBETCTBEHHO, 00O0O3HA4YaeT TaK HA3BIBEMOC OXHAAEMOE WU
“UCTUHHOE” 3HAYEHUE pEe3yJbTaTOB M3MEPEHUN M mHapaMmeTpoB. B 3tom cMeicie,
MOJTydeHHBIC Pe3y/IbTaThl HAOMIOACHWHA | JODKHBI OBITH HWCHPABICHBI C YYETOM
omubok u3MmepeHud € (la). IlepBriii sTan M-olieHKM mapamMeTpoB Y € MOMOIIBIO
TaHHBIX ceHcopoB | TpeOyer nmHeapusanuu (yHKIMOHAaIBHOW Momenu (1a).
Jluneapuzaiys OCHOBaHA Ha MPUOIM3UTENIBHBIX 3HAYEHHUSX IapaMeTpoB y,. UTo
KacaeTcsl OIMOOK HAOMIOMEHUM, U3 MOTpenrHocTer V (OpMUPYETCsl BEKTOP HEBSI3OK,
1 MBI II0JIy4aeM JINHeapU30BaHHYIO0 Mojeib ['aycca-Mapkosa [3]. PaccMoTpum

..ol
l+v=A-dy+I(yy) tme A(i,j)=—" wuC (1c)
Y
Yo
Y=Yy, +dy (1d)
rje Y — olleHUBaeMbIe MapaMeTphl.
3a JMHeapu3aluenl clienyer roOMOreHu3amusi Mojaenu (NMPUBEACHUE K
OJTHOpOJHOCTH) [3]:
_ 1 | 1
A=C,2-AT=C/2-(I-1(y°)nv=C,2-v (1e)

M-oI11eHKa OnpeAesieTCs ¢ MOMOIIBI0 MUHUMHU3AIHMK TaK Ha3bIBaeMO (DYyHKIIMN
oueHkn p(V), yCpeIHEHHO# omMOKaMK pe3yibTaToB HaoOmoneHui V (1e), ¢ yuerom

TUHEeapu30BaHHOM yactu napametpa dy . Paccmorpum M-onenky [3]:

Sp(vi) = Min | (1)
Sp(C) A0y~ (-1 ")) (19)

YcepenHeHHblEe TOTPEIIHOCTH V. ClieAyeT pacCMaTpuBaTh KaK HETATUBHYIO
OIICHKY  BBIIIEYNIOMSIHYTOW HCTUHHOW  yCPEAHEHHOW OHIMOKUA  PE3yabTaToB

HAOIONEHUS € = C|_1/ 2.¢. B 3aBucumocTy oT THIA (QyHKIMH M-OLECHKH p(vVy) [3],
napametpbl Y (1d) oleHuBarOTCS MO METOAY HAaWMMEHBIIMX KBAApPaTOB, TJIE

= 1_ -y 1
p(Vi):EViz, pobactHoli oreHkod L1, tie P(Vi):E|Vi| U MEHEee HaJIeKHOU

192 v |y
ViV |vi|<k
Vil v |v;[>k
HAaCTPOEK U1 OLEHKM CMEIICHMS TOKa3aH Ha puc. 4, crpaBa. YCTOMYHMBOCTH
pe3ybTaTOB M3MEPEHUI CEHCOopa OTHOCHTEILHO CyMMapHOW  morpemHoctH VI

3aJjaHa - OHa IOApa3yMeBaeT aBTOMATHYEeCKOe cokpaiieHue Biausaus VI Ha
pesynbratel mapamerpoB Y (1d) - ecnm mepBas mpoumsBomHas (V) =dp(V)/dv

ouenkoit ['ybepa, tme p(V;)= [TpuMep COOTBETCTBYIOIINX

orpaHn4cHa, a UMMCHHO, €CJIN



(19)

Uucnoroe pemrenne M-ouenku (1f) mo monenu [Maycca-Mapkosa (1¢, d) moxer
MPUBECTH Ha3aJ K UTECPAIMOHHOW OIICHKE METOAOM HAMMEHBIIMX KBaapaTtoB [3] ¢
MOMOIIIBIO yecpeaHeHHo# Mmonenu ["aycca-Mapkoga (1le), rie quaroHanbHas MaTpuia

W(w,) = diagl V) (1h)
|
UCIOJB3YyeTCsA KakK BecoBas MaTpulla B METOJAE IOCJICI0BATEIbHBIX
puOIKeHUH [3].
[Ipy mpuMEHEHHWH K H3MEpPEHHSIM | B TeOAe3UUYEeCKOM CETH IS BbISBICHUS
nedopmarum, (puc. 1) M-omenka (la-h) oOecrneunBaeT OXHO3HAYHYIO OICHKY
napametpoB ¥ =Y(l) B moboe Bpems t mpu U3OBITOYHOM W TIPH JOCTATOYHOM

(W) = d‘;(vv)

KOJINYECTBE U3MEPEHUMN.
M-oneHKa TakXKe TPENOCTaBIsAE€T KOBAPUALMOHHYIO Marpuily C, OIIEHKH

mapamMeTpoB. TakuMm 00pa3oM, BBIUMCICHHBIE CMEIICHUS HWMEIOT  ITOJIHYIO
CTaTUCTHYECKYI0O OCHOBY C Yy4Ye€TOM CTAaTHUCTHYECKOTO aHajdW3a U  OICHKHU
MpearnoiaraéMbIx napameTpoB Y(t), Hampumep, B KOHTEKCTE HACTPOUKH OMOBEIICHHUS
(puc. 4), unmu oOHapyKeHUs] HEeCTaOWIBHBIX 0a30BBIX ToueK [5] u T.h. ITockombky,
okoio 0,3% pe3ynbTaroB HaONIOJEHUN B CEHCOPHOM CHUCTEME CBSI3aHBI C TPyObIMU
omuOKaMu, HaIMUMe HaleKkHOM M-oneHku napametpoB (1f) ¢ momompo QyHKIHH
orpannucHus BausHus (V) , mapajieabHO C OOBIYHBIM METOJOM HAaWMEHBIIHX

KBaJpaToB, CYIIECTBEHHO  yBEJIMYMBAET  HAACKHOCTh  CHCTEMBbl  OHJIANH
TCOMOHUTOPUHTAa Ha Bcex JTamax oimeHku. Kpome Toro, HaaexHas M-oleHka
napamMeTpoB MO3BOJIIET M30€XKaTh JIOXKHOTO OIMOBEHIEHUS O rpyObIx ommOkax. B
LIEJIOM, OHA SBJISIETCS HEMPEMEHHBIM YCJIOBHUEM IOJHOTO aBTOMAaTHUYECKOIO
T€OMOHUTOPUHTA.

ITAIIbI PABOTBI 11O GOCA

1-# u 2-# stanst padotsl [10 GOCA

Konnenmust ananusa aedopmaniuii, peaqu3oBaHHas B MPOTPAMMHBIX MOJEISX
GOCA, 510 Tak Ha3bIBaeMbId KJIACCHUCCKHUM TC€OAC3MUYCCKHMA aHaln3 aedopMarimii
[4], KOTOpBIN OBUT MONHOCTHIO TMEPEBEJCH B ABTOMATHYECCKHM OHJIAWH-pexum[l1].
Konnenus reoge3ndeckoro aHanusa jaedopmaiiiii, OCHOBaHHasi Ha ypaBHUBaHUU
reojie3ndeckoit cetu, B Bujge M-ouenku (1f), Hauana pa3BUBaThCS B CEMHJICCSATHIC
roael [10]. B nHactosimee Bpems koHuenimus (1f) Takyke sBIsSeTCS OCHOBOM IS
COBPEMEHHOM OHJIAMH CHUCTEMbl T€OMOHUTOPHUHIA, T.K. YAOBJIECTBOPSIET TPECOOBAHUSIM
K €IMHOOOpa3uio MapaMeTpOB BO BPEMEHU U MPOCTPAHCTBE, ONTUMAILHOW TOUHOCTH
IIpU  HOPMAJILHOM paclpeleseHUd OIIMOOK HAONIONEHUM W OLIEHKE METOJ0M
HAaWMEHBIIIUX KBAAPaTOB, 00ECIEYMBACT HANIEKHOCTH C TIOMOIIBIO OTPAHUYCHUS
BIIMSHUS OIIEHKU MapameTpoB Y, U MPEAOCTaBIsCT KOBAPUALIMOHHYIO MaTpUILy s
CTaTUCTUYECKOTO aHanu3a u3mepeHuid. JImneapuszoBanHas mozenb ['aycca-MapkoBa
JJI pa3HbIX 310X HaOmoneHuit t; u t j Ha I-m u 2-m stamax pabotei GOCA

MpeACTaBIEHA CIEAyIoNel cucteMon ypaBueHu (puc. 1.):
I(t;) + Vi =Agi - Xgi +Agi - Xo(tj) u Cy (2a)



I(t;) +Vj=Agj-Xgj +Agj - Xo(tj) u Cy, (2b)

CumBoiioM A 371ech 00O3HAaYeHAa MAaTpuUlla IUIaHa JMHEAPU30BAHHON MOMENIH
['aycca-MapkoBa (lc,d), ¢ mamneiMu HaOmomenuit GNSS u LPS, u co
CTOXaCTHYECKOH MOJENbI0 BXOMHBIX MaHHBIX |. OcHOBHBIC mapameTpsl Y B (2a,b),
npeacTapistomue GopMy  CHPOSKTUPOBAHHOM CETH JJIsl BBIABICHUS Je(opMariuii
(puc. 1), sBustoTCs KOOpAMHAaTaMM Oa30BBIX TOYEK Xg M KOOpAUHATAMHU TOYEK

o0beKkTa X . JlOMONHUTENIBHBIE MapaMeTpbl COOTBETCTBYIOT PA3JIMYHBIM THUIIAM

pe3ynbpraTtoB u3Mepenuii |, 0Oe3 HapymeHus obmHOocTH (cM. dhopmyisl (3a)-(3e)).
ITOCTOSHCTBO M CTAOMIIBHOCTh O0JACTH MCXOAHBIX MYHKTOB (pHc. 1) mocTuraercs 3a
CYET 3a/IaHMsl OJIMHAKOBBIX KOOPJIMHAT Xg; = Xgj =Xg IS BCEX JMOX U3MEPEHUH, B

TO BpeMsl, KaK KOOPHMHATEI TOYEK OOBEKTa Xoj U Xgj BBIYHCISIIOTCS IS KaXIOH
onoxu t; u tj [6]. YcTOHYMBOCTL ONMOPHBIX TOYEK Xg JODKHA OBITH MPOBEpEeHa C

MOMOIIBIO, TAK HA3bIBAEMOM paclIupeHHON Moaenu [‘aycca-MapkoBa, CBS3aHHOU C
(2a,b) u cTporoii cTarucTUYeCKOM KoHIenuei [1].
HIponomKUTeIbHOCTD 910X t; ¥ 1 MO0 BPEMCHN paBHA BPEMEHHOMY HHTCPBAILy

C TMPOAODKUTEIBHOCTBIO Al . YcTaHOBIEHHBIE HHTEPBAIbl JIOJKHBI OBITH PaBHBI
WHTEPBAy B3SATHS OTCYETOB CEHCOPAMHU AT, WJIU MPEBBIIIATh ero. OTMETKa BpeMEHH
SMOXH tj M tj COOTBETCTBYET CepeHaM HOoCHeayommx nHTepBanos At. GNSS- u

LPS-nabmronenns | (2a, b), B3arer w3 GNSS u LPS ¢ uenpo pasmeneHus
YpaBHUBaHUA CETH B IJIaHE W MO BbicoTe. Takum oOpaszoMm, Monenb (2a,b) Moxer
JIETKO OBITh MCIOJB30BaHAa B OCOOBIX CIIy4dasiX, HallpUMeEp, KOIrJa BBINOJHAETCS
TOJIbKO ~ BEPTUKAJIbHBIA  TE€OAE3UYECKHM  MOHHUTOPHUHI C  HMCIOJb30BaHHUEM
TUAPOCTATUYECKUX HUBEIUPOB. BOJBIIMHCTBO pe3ynbTaTOB H3MEPEHUH, KOTOpHIE
UCIIONIb30BaHbl B (2a, 0), SABISAIOTCS JBYMEPHBIMU WM ofgHOMepHbIMU (GNSS-
u3MepeHusMu  0a3zoBbix JauHME. K ganHeiM  HaOmonenudt  LPS, kotopbie
UCIIONIB30BaHbI B (2a, 0), OTHOCATCA TOPU3OHTAIBLHOE IIPOJIOKEHHUE Sjj, YTOJI HAKIOHA
Ij 1 npepbiienne AHj. Ilocae BBeeHNs NONOIHUTENBHBIX IAPAMETPOB, YPaBHEHHE
HAOIONEHUH, HCIONB3YyeMOE B KOHIEMIMM Teoje3nueckoro MoHutopunra I10
GOCA, oyner umets Bua ([4], [8]):
AXj . Vaxiij _ AXj (33)

A H

AYj onss  LYAVil gnss AY;j

Sij + Vs =5\ /ARG + AV} (3b)

AYij
rj +V, jj =arctan R —-0;, (3c)
ij
ANgnssjij + Van,; = Ahj u (3d)
. _
AH e ij + Vaniij =Sh - Ahjj — Avp, -G (3e)

[Tomrmo Hen3BeCTHBIX KoopauHaT (X, Y | h), KoTopble JOMKHBI OBITH Pa3ieaCHbBI
Ha ONOpHBbIE TOYKU Xp M TOUKU OOBEKTa Xg COIIACHO CTPYyKType cetu (puc. 1),



JIOTIOTHUTENIbHBIMU TIapamMeTpamu B Y(t) SBIrOTCS MaciTaOHbie KO3(PPUITUEHTHI S U
S, B IIJIaHE U II0 BBICOTE, HEU3BECTHBIM YIrOJ OPUEHTUPOBAHUSA JUHUU O; , U

MOJMHOMHUAJIbHBIE TTapaMeTpPhI
AT _ (A |4 A T
Om = (800 | 810,801 |20+ (3f)
B o0mact m. CoBOKymHOCTh mapaMeTpoB ™ (GOpPMHPYET BBICOTHYIO MOJIEIND

MOBEPXHOCTH OTHOCHMOCTH (T€OHJ) B M- JIOKaJIhbHOW oOjactu oOBekTa (CMm.
www.dfhbf.de). CooTBercTBylOIass CcTpoKa MaTpHIBI IJIaHA JJIs  pe3yibTara
u3MepeHus AH g, jj COIEPXKHUT PA3HOCTH TaK Ha3bIBAEMbIX BEKTOPOB Bannepmonya:
AV =A%, Y515 GY5 Y5 |- = @G YT IXEXGY3Y3 [m] - (39)
c(hOpMHUPOBAaHHBIX W3 JIOKAIBHBIX KOOPAWHAT TOUYEK B 00JACTH M. YUHTHIBas
MacmTabupyemMocTb KoHuenuuu reomoHutopuHra B GOCA U BO3MOXHOCTH €€
MIPUMEHEHUS JIJI1 TOBEPXHOCTH JIF00OT0 pasMepa, MOKHO BBECTH JIF000€ KOJTUYECTBO
m. TakuMm 00pa3oM, MOKHO OCYIIECTBJISITh MOHUTOPHUHT HECKOJIBKUX OOBEKTOB C
pPa3HBIMU HACTPOMKaMU TMapaMeTpOB B €IUMHOM pPACIIMPEHHOW CHUCTEME KOOpJUHAT
Xr (3f). B 110 GOCA nedopmanioHHas ce€Tb MOXET OBITh NOJEIICHA HA Pa3JINYHbIC

obmactu (puc. 1) [4].

Nunnmanuzanus, a iMeHHo 1-ii 3tan, 0a3upyercss Ha cBOOOJHOM YpaBHHUBAHHUH
y4acTKa CETU ]Il TEOMOHUTOPUHIa METOJIOM HaMMEHbIINX KBajapaToB (L2-HopMma) c
nomomblo GNSS- n LPS-mannbIX, ucnons3zyemeix B Mogenu [aycca-MapkoBa, Kak
nokazaHo B (2a,b). BeimonHenue 1-ro srama TakKe CBSI3aHHO C YpaBHEHUSIMHU
pe3ynbpTatoB u3MepeHnit (3a-¢) u obecrneunBaeT Co3/IaHue 00JIACTH OMOPHBIX TOYEK
Xg TeOme3U4eCcKo ceTd MoHUTOpUHTa (puc.l). ITapameTpsl Y dTana MHUNMAIU3ALUU
3aBUCST OT  HCIOJB3YEeMbIX THIOB ceHcopoB. Hacrtpoitka wnunmanuzanuu (1f)
JTaHHBIX CEHCOPOB | BBIMIONHSETCS ISl HAYAIBHOM ATIOXH, 3a/IaHHOW TIOJIB30BaTeIIeM,
M HHTEpBAJIA WHULMAIWA3AUMA. [[I9 3TOro uCHosib3yercss OLEHKa II0 METONY

. 1
HAaMMCHBIINX KBaJpaToOB, TJE p(Vi)ZEVi , W TIPOU3BOIUTCS OOECICUCHUE

pobacTHOCTH ¢ yueToM TIpyObix omuOok Al aBromarudeckoil WTepallMOHHON
MpoIeAYpOH ciexkeHus 3a faHHbIMU (data snooping) [3].

2-i stan aHanuza gedopmanuii B GOCA cBsizan ¢ pasaenenueMm cetu (2a, b),
YpaBHEHUSIMU PE3YJIbTaTOB U3MepeHuid (3a-e), U ux oreHkou no gopmyne (1f). 2-i
sTanm 00ecreurBaeT MOCTOSHHYIO TPEXMEPHYIO KOOPAMHATHYIO MPUBA3KY TOYEK
o0bekTa X (1) B mpocTpaHcTBE ONOPHBIX TOYeK Xg (puc. 1). Bemonnenue 2-ro

JTama: OLEHKA MO3ULMN Touek 00BbeKkTa X (t) , co3maHme MX KOBapHALMOHHOM
matpuibl Cy (1), coxpaHeHHe pe3yabTaToB

Xo(t) 1 Co () (4a.0)

B exenHeBHbIX FIN-daiinax (puc. 2), npoucXoauT B peKUMe OHJIAMH.

Busyanuzamuss BpeMEHHBIX PSAOB KOOpAMHAT X (3eneHblil), y (cuHuil) u h
(kpacHbIif) Touek 00BeKTa X (t) , mokasana Ha puc.3. KoopauHaTel HCXOTHBIX

IMYHKTOB XpR , BBIIICYIIOMAHYTBIC JOMOJTHUTCIBHBIC IMapaMETPbl U CHCHI/I(bI/I‘ICCKI/IC

napameTpbl HaOmonerui S, S, 1 §™ (KpOMe HEM3BECTHOTO YIVIa OPUEHTUPOBAHMS 0; )


file:///C:/Documents%20and%20Settings/User/Local%20Settings/Temporary%20Internet%20Files/Content.Outlook/D2DYNZZ1/www.dfhbf.de

COXPaHSIOTCS Ha 2 3Tare Kak PUKCHPOBaHHBIC, B COOTBETCTBUU C pe3yJbTaraMu 1-ro
sTana. TakuMm 00pa3oM, yCTpaHseTCs J00O€ BIUSHUEC OIIMOOK pPE3yJIbTaTOB
M3MEPEHUI Ha CETh T'GOMOHHMTOPUHIA Xg , M YMEHBIIACTCS PHUCK OIIHOOYHOTO
aBapuiiHOTO oOImoBenieHus. KoBapuanmoHHas MaTpuila (UKCHPOBaHHOTO Habopa
mapaMeTpoB B Ipejieiax Y TeM HE MEHee CTPOrO YYHTHIBACTCS NP BHIYHCICHHH
Co (1) (4b) n, kak ynmoMuHaIOCh BBIIIE, CTAOMIBHOCTh OOJIACTH OMOPHBIX TOUEK Xg

MOXHO KOHTPOJHUPOBATb CTATUCTUYICCKHU.
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Puc. 3. BpemeHHbIe psibl KOOPIAUHAT X (t;) Kak pe3ynbTar 2-ro srana. ToncTeiMu

JUHUSMH [MOKa3aHO CIVIA)KMBAHUE C TIOMOIIBIO OIIEHKH CKOJIB3SIIET0 CPETHETO
3HaueHust (MVE) (3-# stan)

3-#t atan pabotel GOCA — ananu3 nedopmanuit

Ha 3-m srtame pa6orsi GOCA, a uMeHHO Ha J3Tane aHaiusza aedopmaruii,
MPOBOJUTCS  OIleHKa mapamMeTrpoB Y(t) pasznuuHbix GYHKIUE OOHapyXeHUs
nedopmarinii, Tak ke Ha ocHoBe dhopmyisl (1f). Onienka mapaMeTpoB IPOU3BOIUTCS B
OHJIAMH pexXnuMe, napajuiesisHo 2-My 3tamy. Box pesynsraroB usmepenwuii (I(t), C, (t)
) OCHOBaH Ha BPEMEHHBIX PSJax KOOPAMHAT TOUeK o0BekTa Xq(t) m Cq(t) (4a,b),
coxpaneHHbIx B Buae FIN-daiinos B mpoekre GOCA (puc. 2).

OueHka CKOJIB3SIIET0 CPeIHero 3HaYeHust

[TepBoit, m mpocreimieit, ¢yHkuen Y(t) u3MEpeHHUs B3aWMOCBSI3aHHOTO
cMeleHnsl Touek oObekra, mnpemocrabieHHor B I1O GOCA, sBmseTcs oIleHKa
ckomp3smiero cpeanero 3HadeHus (MVE), roe Xg(t) u Cq(t) sBistrorcss mpsMbIMH

m3MepermsiMu ¢ yaeroM mosummi MVE  y(t)T = (x(t), y(t), h(t)) mst kaxmoro
W3MEPEHHOTO WHTepBaja. ToJNCThie JIMHUM Ha pHUC. 3 0003HAYAIOT CIVIaKECHHBIC
3HaueHusl Tpex kKoMmmnoHeHToB olleHKu MVE y(t). MVE-onenka B GOCA Bkitoyaer
HACTPOMKH OMOBEHICHUS (PUC. 2) MPU KPUTHUYCCKHUX, IO CPABHCHHIO C TEKYIIHMH,
cmemieHusx U(t) =y(t) —Xg(ty), MOIYyYEHHBIX OTHOCUTEIBHO HCXOJHBIX MO3MLUIL
ToueK 00BeKTa Xq(ty) . JanHble nokampHBIX ceHcopoB |(t) (Hampmmep, maTdMKoB
HATSDKEHUS] M MEXaHWYECKOTO HANpsHKSHHsI, MHKIMHOMETPOB) U UX KOBapUaIllMOHHAS
marpuna C,(t), Takke MOTYT HMCIIOIB30BATHCS JUISI OLIEHKHU CKOJB3SIILEr0 CPETHETO
3Hauenusi (MVE).



OnuaiiH-0LleHKA CMeLIeHUs

Bropoii ¢dyHkuuel oneHku aedopManvd M BEKTOPOM IapaMEeTpOB aHalu3a
nedopmanuu 3-ro stana GOCA saBnsercs onnaiiH-oneHka cMmemenus (SHT) (cwm.
puc.2) MexXIy pasHeIMH “IIuTenbHbIMU dnoxamu® t, u 1; . BblpaxeHue
“IUINTENIPHBIE DMOXM~ O3HAYacT, 4TO JBE JMNOXM ty M t; HAaJaJIuChb B MOMEHTEHI
BPEMEHHU 1y U t;, U IPOJOIKAIUCH B TeUCHHE MHTEpBanoB At u At;, Hanpumep, 1
qac (puc. 4). HaganmoM nepBoit 5noxu ty MOKET ObITh MOMEHT MHMLMaIA3anuu (1-i
3Tam). AJIBTEpHATUBHO 1y MOXKET OBITH 3afaHa ¢ nomoibio Hactpoek B [0 GOCA
(puc. 4), 1100 MPOW3BOJIBHO YCTAHABIMBAEMOW WM JTHUHAMHYECKU NEpPEMEIIaeMOn
BPEMEHHON Mapkod. PaccMOTpuM (YHKITMOHAIBHYIO MOJACIH OIEHKH CMEIICHUS
TOYEK OOBEKTA:

I \Y; E 0 X

o [, |Vio [_| B2 . AXO —A-§ (5a)
I Vi, E, E, | [0(t)

9 =[Xo(to), 0(to, 1)1 . (5b)

JIBe IpymImbl pe3yabTaTOB U3MEPEHUM |tOI/I |ti Y UX KOBApHWALIMOHHAs MaTpuLa

B3ATHI U3 JAaHHBIX BPEMEHHBIX PAJOB To4eK 00bekTa (Xq (t),Cq (1)) (4a,b) (cm. puc.

3, ToHKWe JMHUHU). BenuuumHa V 0003HaYaeT MOrpemHOCTh u3Mepenuit (1¢).
[Tapamerpamu nedopmaruu Y(t) amsa Kaxao0i TOYKA 0ObEKTa SBISIOTCS TPEXMEPHast

ypaBHEHHass HO3MLUA X (to):[f(,§/|ﬁ]T Ha o3noxy t, u 3D-cmemenus
O(tO’ti):[ux’uy|uh]:{2,ti mexay top u t; . Marpuusl mana E; u E, — 3t0

CTOJIOIIOBBIE MATPHIIBI, AIIEMEHTAMHU KOTOPBIX SBJISIOTCS MAaTPUIIBI PA3MEPHOCTHIO 3 X
3 JUIA KaXA0ro TPEXMEPHOTO pes3yabrara M3MepeHHs Xq(t) B COOTBETCTBYIOMIMX

UHTepBanax snox Aty u At;. Puc. 4 nokassiBaer HacTpoiiku [10 GOCA mist onnaiin

OLICHKH CMEIICHHMSI, B COOTBETCTBUH ¢ (5a,0). HacTpoliku MOryT OBITh pa3jiMYHbIMH, B
3aBUCUMOCTH OT BBIOOpAa TOYEK OOBEKTA, OMPENENCHUS OJMOXU ISl OIEHKH
CMEILICHHS], HACTPOEK YPaBHUBAHMS U CTAaTUCTUUYECKON MPOBEPKHU, a TAKKE HACTPOEK
aBToMatuueckoro onosemnieHust (ALR-daiinsl, puc. 2).

ABTOMaTMYeCcKasi OLEHKAa CMEIICHUS MEXIy pPa3MYHbIMU “IIIUTEIbHBIMU
smoxamMu’” At(t;) (Hampumep, 3 4yaca) MOXKET OBITh NMPOU3BEACHA B OMHOM M3 3X
PEKHUMOB, @ UMEHHO

— 1-a smoxa = cratu4Hasi, 3ajlaHa BO BpeMsl nHuIatu3anuu (1-i atan padoThl
GOCA). 2-5 s1oxa MeproauvecKy MOBTOPAETCS (Hanmpumep, Kakapie 24 yaca).

— 1-a »osnoxa = craru4Has, YCTAHOBJEHA IMOJb30BaTEIeM. 2-s 3M0Xa
MEPUOINYECKH MOBTOPSETCS.

— 1-g5moxa = nepuoOgUYECKU MOBTOPSAETCS, KaK U 2-5 310Xa.
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Puc. 4. Hactpotiiku onnaitn ouenku cmemienus (SHT) u onosemnienus
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0.0845 m

Sensor: 2001

H= 300. 815

-0.0845 m

Puc. 5. Busyanu3zanus ouenku cMemenust Y =[Xq (tg), 0(tg, t; )]" Ha 3-m srane
pabotel mo GOCA

Ha puc. 5 Tonctoif ropu3oHTanIbHOM JMHUEH cieBa Moka3zaHa oueHKa Xg(tp)
(5a,b) Mo HecKONBKUM pe3ynbTaTaM H3MEpeHHH Xg (t;) (4a), mpuHAIIESKANX
Ha4yaJIlbHOMY MOMEHTY BpeMeHM [, ¢ uHTepBajoM oueHuBaHus At(t,) . Toncras

TOpU30HTAIbHAS ~ JIMHHMS  CIOpaBa  IOKAa3bIBa€T  OIEHEHHOE  TOJIOKCHHE
X(t;) =Xy (tp) +0(ty,t;) Ha mMomenT Bpemenu t; . Tomcrtas crpenka mMoOKa3bIBaeT

npenmnonaraemoe nepememenue 0O(ty,t;) B BepTHKanbHOM cocraBistomend. OnsaTh



xe, misg oneHku cmemiennst (SHT) MoryT ObITh MCIONIB30BaHbI JaHHBIC JIOKAJIBHBIX
cencopos (LS).

OUJIbTPAIIUA KAJIMAHA B 11O GOCA. ITPOI'HO3UPOBAHUE U
CBOEBPEMEHHOE ITPEAYIIPEKIEHUE

Ounbrp Kanmana — TpeTuil KOMIIOHEHT OILIGHKH NapameTpoB aedopmaruu Ha
TpetheM 1mare paborsl cucteMbl GOCA. OH OTHOCHUTCS K TaK Ha3bIBAEMOMY
ypaBHeHHI0 mepexoga (i) mapamerpudeckoro BekTopa cmemieHus Y(t). [

nepexojia OT CMEIICHUsT B MPEAbIIyIuii MOMEeHT BpemeHu (t — At) k cMemieHuio Ha
TEKyLIUI MOMEHT t , UMeeM

y(t)=T(t) - y(t— At), rne (6a)
' s

u)] || [At] [EMZ} u(t—At)

u)|={0 I [At] |-|u(t—At) | n (6b)

u@)| |0 0 | U(t—At)

y(t) =[u().u),u®m’ (6¢)

Bekrop cmemenus y(t) ¢unbrpa Kammana BkimrodaeTr B ce0s TpeXMepHOE
cmemenne U(t), ckopocth U(t) m yckopenme U(t) kaxmoil Toukum oOBekTa Xq(t)

MEXTy IByMsI ITOCJICIOBATeILHBIMUA HHTEPBAJaMU BpeMEeHH Al .
Mopenr wu3MeHeHus coctosHus (6a, b, c) sBusgercs psgom Tainopa
HEM3BECTHOW (YHKIIMU cMelneHui U(t), y KoToporo oTOpOIIEeHBI BCE WICHBI MOCIIE

BTOPOro (MOCTOSIHHOE YCKOPEHHE B IMpeliesiax MHTEpBalia), U KOTOPBIA MIHMPOKO
HCTOJIb3YETCSI B T€O0IE3MYECKOM MOHUTOPUHIE€ MEJICHHBIX JBUKEHUNW TOYEK
00bEeKTa U JBUXKEHHUH CO CpelHEeH CKOPOCThIO, HampuMep, Oomoyi3Hed u T.a. [1].
KoBapuanuonnas marpuna C, mporHosa Y(t) (6b, c) Bblumcisercs COINIACHO

3aKOHY pachnpeicieHus OIMMOOK KOBAapHAIlMOHHOW MATPHIIBI  IPEIbIAYIIETO
BekTopa cocTtosuus Y(I —At) ©u, COOTBETCTBEHHO, MPEALIAYIIUX HTEpaIuil

¢unprpa Kammana. Pesynmbratsl m3mepenuii I(t) m ux xoBapuanuoHHas marpuia
s punsrpanmun Kanmana, KOTOpble CBSI3aHBI C TE€M K€ BEKTOPOM H3MEHEHMS
cocrosinus (6¢), apiusitorcss BbruuciaeHHbIMU GOCA cMeleHusiMi u(t) B MHTEpBalie

BpeMeHu At. YpaBuenue HaOmonenus |(t) B MoMeHT BpemeHH t 3anmuchIBacTCS Kak

1(t) = I(y () = u(t) =X (t) =X (o) , (6d)

C :Cxo (t)"'Cxo (to)- (6e)

Pesynwsrater usmepenunii I(t) (6d) — pasHuIia Mexay HACTOSIIAM IOJOKEHUEM
TOYKH 00bEKTa Xq(t) (4a), momyuenHbiMu Ha 2-M 3tane GOCA (FIN-gaitn) Bo
BpeMEeHHOM wuHTepBane [t,t—At] , u wucXomHbIMH KoOopmMHATaMH Xg (ty)

MoJIy9eHHBIMU B Hadane Grubrparuu Kamvana. Cam ¢unstp Kanmana sKBUBaJICHTEH
obmelt ornenke (1f) cmporHO3MPOBAHHOTO BEKTOpa COCTOSHUSA y(t) (6C) W BEeKTOpa

COCTOSIHMSI, BbIUMCiIeHHOTO W3 HabOmomenuit l(y(t)) ma moment Bpemenu t (6d).
Oo6mrast M-onenka (1f) mapamerpoB Y(t) mis 3TUX JBYX KOMIIOHEHTOB HAOIIONCHUS



(6a) u (6d) u nux croxacruyeckux mozxeneii Cy u C; MOXKET OBITH HTEPALHOHHO

BBIYMCIICHA, KAK:
g =y +KY- (0 -1(y(®), re (6d)
. 1 . 21 . N . .
KO — (Cyz W)(/J)cyz 4 AWI(J)A)—l -AWl(D) (6€)
Tax HaspiBacmas marpuna Kanmana K ppraucasercs UTEpAMOHHO (j=]-H

miar). Ha j-om mare utepanuu JuaroHajbHbIE BECOBBIE MATPHUIIBI W)SJ) u Wl(J) B

paMkax KW HacTpauBatoTcs cormacHo (lh). Tak ke, kak OHJalH OlLIEHKA
cmemenuii SHT (5a, b), dunsrpanus Kanmana B cucreme GOCA wmoxer
OCYIIECTBIAThCA IMyTeM mnojactaHoBku B (1f), nmubo ¢ ucnonb3oBaHHEM METOJA
HaMMEHBIINX KBaApaToB WM pobacTHO oreHku L1. Pesymbrarhbi (Y(t),Cy(t))

coxpauswTcs kak ¢ainel punstpa Kanmana B dopmare KAL VHS, cm. puc. 2.
Pe3ynbTarel HM3MEpEeHUH JIOKAJIBHBIX CEHCOpPOB (I(t), C,(t) ) moryr ObITH

HCIIOJIb30BaHbl Kak BXOAHbIE AaHHbIe PuiabTpa Kanmana. YpaBuenue (6b) mo3Bossier
npeackaszarh Bpemsi At, 3a Kotopoe OyayT JOCTUTHYTHI 3aJlaHHBIE KPUTHUUYECKUE
3HaYeHUs BekTopa cmerieHus Y(t) (6¢). Oto mo3Bomsier ucnoib3oBath GOCA Kak
CHUCTEMY paHHETO OIOBEIICHHUS.

CucreMHBbIH aHAJM3: OCHOBHbIC ACHEKTbI M HAYYHbIH BKJIAJ CHCTEMbI
GOCA

B pa3BuTuu metonoB ananuza aedopmariuii ICHO MPOCIEKUBACTCS TCHACHIUS
K 00BEIMHEHUIO TTapaMEeTPUUIECKUX PE3YJIbTaTOB T'€0e3UUECKON OIEHKH CMEIICHUS
(5a, b) w/wm ¢unsrpanuro Kanmmana (6a, b, c), a umerno u(t), u(t) m U(t), c
reOMETPUYCCKUMHU U (puznueckumMu HaOmoneHusmMu 1(t) mokansHbIX ceHcopoB (LS)
B oOmyw momenb ([2], [5]). VYuuteiBas ToT (dakt, yTto 00a THUMa (QYHKIUHA
u3MepeHuss aedopman  HaOMIOAAIOT 32 COCTOSHUEM (PU3MYECKOT0 OOBEeKTa
(manpumep, AaMObI), HEOOXOAUMOCTb (M3UYECKON MOJEIU [JIsi MX HWHTErpaluu
CTaHOBUTCS oueBHAHONW. COTIacHO OOMICHPUHATON KiacCUPUKAIMK MOENEH, T.e.
CUEPHBIN», «CephIi» WU «Oenblil SIMHMK», MOJAeTh KOHEYHBIX 3ieMeHTOB (FEM)
NPUHAJICKUT K TUIMY «Oenblid SIHUK» W XapakTepusyeTcs (puzndecKkumu
rnapaMeTpaMu [P, BEKTOPOM U3MEHEHUSI COCTOSIHUSI U BEKTOPOM BBIXOIHBIX JTAHHBIX
(puc.2) ug(t), ug(t), Ug(t) reonesnyeckoro monumtopunra ([1], [5], [6], [14]).
Takum oOpazom, FEM sBnsercs kioyoM Ajs  pa3pabOTKH  KOMILIEKCHOU
reo/Ie3NYECKON CUCTEMbl MOHUTOPHUHTA, ucnionb3ytome manaeie GNSS, LPS u LS
cencopoB. Kommnekcusie ctatndeckue FEM-Monenn, pa3paboTanHbie co3naTensiMu
GOCA, ycnemHo NOpPUMEHSUIUCh U coBepuieHCTBoBaiuch [9]. OpnHaxo,
muHamuyeckas FEM-monenb, Takke co3gaHHas komaHzoi paspadorunkoB GOCA
[1], Bce eme >AeT AajdbHEHIIEH OIEHKA B KOMIUJIGKCHOM JUHAMHUYECKOM
MOJICIUPOBaHMH [2].

HNPUMEP MOHHUTOPUHIA JAMBbBI C IMOMOLIBIO CUCTEMbI
GOCA

HaGmonenue 3a nam6oii Korc, Haxonsiencs BbICOKO B AJbIlaX Ha TEPPUTOPHUU
Agctpun, ¢ nomomnipto cucreMbl GOCA Ha ocHoBaHnuu JaHHbIX GNSS Benock 0k0y10



rona (puc.7). IlepBsriii u3 Tpex omHodacToTHRIX GPS mpueMHUKOB OBLT YCTaHOBJICH B
KayecTBe 0a30BOM CTAaHIIMM B MECTE€ COEAMHEHUs JaMObl CO CKaJloi, KaK TOouKa
00BbeKTa X (t) . Bropoit GPS-poBep ycTaHOBHIN B LIEHTpe JaMObl TOXKE B KaueCTBE

TOYKH 00BbeKTa X (t) (puc. 7 u 8).
Tperuit GPS-poBep yCTaHOBWIIM KaK OINOPHYIO TOUKYy Xp Ha YCTOHYHMBOM

oOBekTe, KoTOphld HaxomuTcs B 500 m 3a mpemenamu mamObr (puc. 9). JmuHbI
0a30BBIX JTUHUH, 32 KOTOPHIMH BEIHCHh HAOMIONCHMS, OBLIIM PaBHBI, COOTBETCTBEHHO,
198 m u 500 m (puc. 8). Hacrora B3satus orcueroB AT GNSS/GPS-npuemHrkamu
COCTaBJIsJIa 2 MUHYTHI.

Ha puc. 10 noka3aHo cpaBHEHHE FOPU30HTAIBHOIO CMEIIEHHs TOYKU X (1) B

LEHTpe AaMOBbl BIOJIb KOOPAUHATHON OCH, MEPIEHANKYIIPHON 1aMOe, BBIYUCIEHHOE
no naHHbiM GPS (kpacHas JUHMS) M KJIACCMYECKHM CIOCOOOM — HaOIIOEHUE 3a
JIOTOM B TeJie JaMOBblI (3eJieHas IMHUA) B TeUeHUE 4 Helleb.

CuHelt TMHHUEN TOKa3aHO M3MEHEHHE YpOBHS BOIbI. CMeIleHus, BEIYUCICHHBIC
Ha ocHoBe pgaHHbIX GPS-npuemuukoB ¢ mnomompbio MVE-onenku GOCA, ¢
TOYHOCTBIO JIO MIIIMMETPAa COOTBETCTBYIOT TIOKa3aHUSM CMEIIEHHUS JIOTa.
[Tockonbky GPS-npueMHUK HaxXoAUTCS NPUONIU3UTENBHO Ha 8 M BbIlIE JioTa (puc. 9,
CrpaBa), UX TpaduKu TOXKE PACXOASITCS.

Ha puc. 11 noka3zaunsl pe3ynbrarsl ¢punsrpannn Kanmana [10 GOCA 3a Tot xe
MHTEpBaJl BPEMEHHU, UYTO Ha puc. 10, ¢ yuyeToM mapaMeTpuuecKkoro Bekropa Y(t),T.e
cmemmenns U(t), ckopoctr U(t) m yckopenus U(t) myHkra X (t), Haxomsmerocs B

HeHTpe aamMObl. OpaHKeBbIE TOUYKM IIOKA3bIBAIOT BPEMEHHBIE DPSIIbI PE3YIILTATOB
u3MepeHuit Touek oobekTa U(t) (6d) B cucteme GOCA.

Puc. 7. Mucramnanus cuctrembl GOCA: pacnosokeHue IMyHKTOB 00bekTa Xq (t) Ha
nambe Koric, ABcTpus
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Puc. 8. Uacramanus cuctemsl GOCA: cxema 0a30BbIX JnHMN. CTaOWIbHASA TOYKA
Xg (cneBa), B pexuMe poepa. Touku 00bekTa Xq(t) B pexxume posepa (LEHTp), U

GPS-6a30Boii cTaniuu (cripasa)

Puc. 9. YcranoBka onopHoi TOUKU X, (cj€Ba) U TOUKU 00BEKTA X (t) B MecTe

COeMMHEHMsI TaMObI CO CKaJIOH (crpaBa)
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—— Lotung [mm]

——Wasserstand [m]
—— GOCA, Spline 3.0rdnung [mm]

1780,0

17850

1780,0

Differenz [mm]
Wasserstand [m]

18000 17950

18050

18100

24.08.2001 24:00 30.05.2001 0&:00 04.09.2001 10:00 09.09.2001 15:00 14.09.2001 20:00 20.09.2001 01:00

Datum

Puc. 10. Beraucnenne cMmemenus (KpacHast JUHUS) OOBEKTHOTO ITyHKTA B IIEHTPE
naMObI Xq (t) ¢ momomrsto GOCA

FEE4E45 37—

o
05-01-01 0s-0s8-01 02-15-01 09-z2-01

Puc. 11. Pesynbrarsl onieHku cmemienus U(t), ckopoctu U(t) u yckopenus U(t)
IyHKTa Xq (t) B meHtpe namoObl GprinsrpoM Kanmana. IHTepBana BpeMeHH TOT e, 9TO
Ha puc. 10



OO011ee onucanue

[€cOMOHUTOPUHT, BKJIIOYAOIIMK B ceOd cOOp JaHHBIX, MOJCIUPOBAHUC
(YpaBHHBaHHE CETH, aHAIN3 Je(popMarliuii), OTYET U OMOBEIICHNE, KOTOPBIM yKa3aH B
LETTOYHOH IIOCJIEN0BATEIHLHOCTH (puc.12), SIBIIAETCS ITOJHOCTBIO
aBTOMAaTU3UPOBAHHBIM METOJIOM, MUHUMHU3HPYIOITUN PHCKU U TCKYIIIUE 3aTPaThl.

NMnaHupo- —,\
BaHue Mopenuposa-
} —| / HMe
VirtualGOCA c nOMOWEIo OTtuer OnoseweHue
C6op | N YpaeHuBanuA cetedn | @ GOCA-Earth I GOCA-Alarm
H
AaHHbBIX Ananuza pedbopmaumin
GNSS-Kontponb G
TPS-Koutpone

Puc 12. Ilenounas nocinenoBareIbHOCTh TEOMOHUTOPUHTA

COop 1aHHBIX B re0CEHCOPHBIX CeTAX

GNSS-KonTpoJs u TPS-KonTpoJsb

OynkiusamMu GNSS-Kontpons u TPS-KonTposns sBistitoTcss cOop AaHHBIX |
noanepxanue cBsi3u B GNSS mexny cnyrHukamu u TPS Mmexay TaxeomeTpamu.
[lepemaya JaHHBIX Ha TaxeOMETPhl OCYIIECTBISETCA JIMOO HAMpsIMyIO uepes
npotokosn RS232 unu uepe3 nporokonbl TCP/IP. Hannune ruOkoit KOMMYHUKALIUK Y
TPS-KonTpons mo3BomsieT mepenaBath gaHHbie ucmonb3ys LAN/WLAN, GPRS,
UMTS u 1. depe3 HHTepHET B J0Oble TOYKM Mupa. CamMOCTOSATEIBHO
paspaboTaHHoe 0OOpylOBaHHE, Ha3biBaeMoe KopoOkoit TPS-komMmyHHKanuw,
koHBepTUpyeT JnaHHble TPS-KoHTpossi (3€HUTHOE pacCcTOsSHUE, TOPU30HTAIbHOE
MPOJIOKEHUE, YTOJl HaKJIOHA, npeBbilieHue) B OuHapHsle TCP/IP nmakeTHble aHHBIE.
GOCA-TPS-KoHTposb Takke OCYIIECTBISICT aBTOMAaTHYECKOE M3MEpPEHHE OOBEKTOB
Ha pa3HbIX CTaIUIX TEOJIE3NYECKUX olepanuil. B cioydae HemosiaJKu CEHCOPOB
GOCA-TPS-KonTposs nepenact curaai 06 ux HeucrnpasHoctsax GOCA-Alarm.

Virtual GOCA

CBexue [MaHHbIE TOJYYEHHBIE OT BHUPTYaJbHBIX TE€OJIE3UYECKUX CEHCOPOB
dbopmupyroTcsi Ha ocHOBe TeonoteHnuanibHoW Monmenu EIGEN04C or GFZ wm
EGM 2008 wu uudposoit wmomenu mnosepxHoctd ETOPO1 or NGDC, wu
MPEAOCTABIISIOTCSL TOJIb30BaTent0 B Bujae (aitioB ¢gopmara GKA. D1o 0a3oBbie
JIUHUM, TOPU30HTAJBHBIC TMPOJIOKEHUS, YIVIbl HAKJIOHA, 3CHUTHBIC PACCTOSIHUS U
MPEBBIIICHUS] BMECTE€ C COOTBETCTBYIOIIMMM CTOXAaCTUYECKUMHU  MOJEISIMHU.
[Tonoxxenust cencopoB 3anatorca B Google Earth mpuOnmkeHHble K peanbHbIM U
yepe3 kml-untepdeiic mnepenatorcs B Virtual GOCA, T11e ocyliecTBisercs
KOH(pUTYypalusi CeTU TeOMOHUTOpUHra. Takke CylecTBYeT BO3MOXXHOCTb 33aTh
BEJIMYMHY TOYHOCTHU JJIA OTAENbHBIX THUIIOB CEHCOPOB. [l OLIEHKM HaAEKHOCTU
KaKOH-TMOO KOHIEMIIMA TEOMOHHTOPHHTA WM MPOTPaAaMMHOTO OO0€CTICUeHUs, IS
YpaBHUBAaHUU CE€TH M AedOpMAIOHHOTO aHalM3a MOJb30BaTelb MOXKET 3a]aTh
reHepanuio Tpyosx ommbok (,,KomnmuecTBo TpyObIX H3MEPHUTENBHBIX OIIMOOK B



yac®). Hapsay c pexxumamu HaOMIOAEHH peanbHOE BpeMs M HUHTEPBAJ BPEMEHHU
Virtual GOCA  mpeanaraer BbIOOp Mozaenud Jaeopmanuu, KOTOpask MOMKET
CUMYJIMpOBaThca — Hampumep, onoiizeHsb.Virtual GOCA cinyXUT 1Sl BBITIOJHEHUIO
BCEX DOTallOB TC€OMOHUTOpUHTa. Bcs MOHUTOpUHIOBasi I1EMb MOXET OBITh
anpobupoBana u ontuMmuzupoBaHa. Virtual GOCA MoxeT HOpUMEHSThCS s
HE3aBUCUMBIX MPOU3BOACTBEHHBIX PAcueTOB, a TAKXKE JUIsl OLICHOYHBIX TECTOB U B
paMKax cepTU(UKalUU CUCTEM F€OMOHUTOPHUHTA.

Mopenupoanue Jannbix B [0 GOCA ananusa negopmanmii

MonenvpoBanue AaHHbBIX BbonHsAETcs ¢ nomompbio [1O0 GOCA anammsa
nedopmanmii B 3 3tama. OCHOBaH Ha reo/Ie3MYECKOM ypaBHUBAHUM ceTeil (aTam 1,2)
¥ Ha TOCIIEAYIONIMX OIepaIusix Mo OIeHKe mapaMeTpoB aedopmamnuu (3tam 3), Kak
OBLIO OMKCAHO BHIIIIE.

Oruet npu nomouu GOCA-Earth

Pesynbrarel ananuza nedopmaruit, BeinoaHeHHOro B GOCA (Otan 2:fin-daiinsl,
Oran 3: mve- u sht-gainbpl) nomKHBI Bu3yanusupoBatbes B GoogleEarth kak
BEKTOpHl CMelleHuil (B Tuiane W 1o BeicoTe). [lonTOoMy, mjis TpaBUIIBLHOTO
orobpaxenus: mnonoxenus, B GOCA BctpoeHa ¢yHkuus TpaHchopMauu Bcex
naHHbIX B ¢popmathl GoogleEarth u ee coOOCTBEHHYIO0 KOOPAUHATHYIO CUCTEMY. DTUM
o0ecrneunBaeTcsi KOPPEKTHOE OTOOpakeHHE Aa)ke JIOKanbHbIX ceTeil. HeoOxomumbie
KOHTposbHBIEC TyHKTHI niepenatorcs B GOCAEarth B dopmare kml.

N Google Earth i B
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Puc. 13. Uurtepdeiic nons3oBarens GOCAEarth (cnesa). Buzyanuzanms
nedhopmanmii (B cepenune). Tabmura coctossaus nedopmariuii (crpasa)

[Tox Tpancdopmanmeil 3mech mMeeTcs B BUAY IBYMEpPHOE IpeoOpa3oBaHuE
COOTBETCTBYIOIIMX KOOPIWHAT. J[JIsl Ka)XIO0TO THIA AAHHBIX, & TAKXKE ISl MO3UIHU
ceHcopa cozfaercsi coOcTBeHHBbIM kml-(aiin, xoTOpbIii 3aTeM mepedaeTrcs Mo Tak



Ha3biBaeMon ceteBod ccbuike B GoogleEarth. Dta ccpimka Takke obecrnednBaer
oOHoBieHue oToOpaxeHus: kml- gaitnos, Tak uto GOCAEarth Tonbko nepuognuecku
NepenuchiBaeT CcOOTBETCTBYIOMMN aiin. [lonb3oBaresnb MOXET KOHTPOJIMPOBATH
NPaBUIBHOCTh MEPEHECEHUS! OTIEIbHBIX THUIOB JAaHHBIX B CBOMCTBaX ITyHKTOB
obbekTa B TabnmuuHoM Gopme ( puc.13).

OnoBemenune npu nomouu GOCA-Alarm

Omnogemenne npu nomomu GOCA-Alarm sBisIeTCs 3aKIIOYUTEIBLHBIM II1aTOM B
LEMOYHOM TOCJE0oBaTeIbHOCTH reoMoHuTOopuHra (puc.12). OmnosemeHue B
KPUTUYECKUX CHUTYyalMsIX MPOUCXOAUT C ITOMOIIBI0 KOHBEPTUPOBAHMS JTaHHBIX
noyaeHHBIX 0T GOCA (GNSS u TPS Kontpomb) B (GU3WYECKUH CHUTHAI.
CpabarpiBanne (U3NYECKOTO CHUTHAlda 3aBUCUT OT KPUTHYECKOM CHUTyalluu
(HeucnpaBHOCTH B ammaparype, B [10, nepemenieHue CTpOUTENbHBIX KOHCTPYKIIHIA).
Takum oOpa3oM, HWHXEHEp IMOJYYWB CHTHAJI O KPUTHUYECKOW CHUTYallMH, MOXKET
MPUCTYIIUTD K €€ HEMEIJICHHOMY YCTPaHEHHUIO.

CyiecTByeT Takke BO3MOXXHOCTh IpU Hanuuuu cBobogHoro nopra COM pene
MOJICOSAMHUTh K CHUCTEME JIaMIly aBapUHHOW CHUTHAIW3AMU WIA CHUPEHY s
HEMEJJICHHOTO OTMOBEIICHHS BCEX COTPYIHHKOB O KpUTUUYECKOM cuTyanuu. Eciu ecth
JOCTYIl K WUHTEPHETY, OMOBEHICHUE TAaKKE MOXKET ObITh BBHIMOJHEHO IOCPEICTBOM
CMC wunu  SJEKTPOHHOM TOYTHI, TMPU HITOM JOJDKEH OBITh yCTaHOBIICH
COOTBETCTBYIOIIMIM  JOCTym B  MPOTPAMMHOM  OOECIIEUEHUU  BJIEKTPOHHOTO
nposaiiaepa. Ha ceromusimamii genp [1O0 GOCA pocTyneH Ha HEMELKOM,
AHTIINHACKOM U PYCCKOM SI3bIKaX.

AnnaparHoe o0opy10oBaHHe

Ncnionp3ys manapie GKA (puc.2) moboe anmaparaoe obopynoBaare GNSS nmu
TPS moxeT ObITh MCTIOIB30BAaHO B LIEMTOYHOM MOCIEA0BATEIbHOCTH T€OMOHUTOPHHTA
(puc.12) B cucreme GOCA. Hcxozas u3 3Toro, reoje3ndeckoe odopynosanue Trimble
ynpasisercs: ¢ nomoiipio 10 Trimble-Kontpons. B Hactosiiee Bpems [10 GOCA
GNSS-KonTpons MoxkeT ObITh MPUMEHEHO B CEHCOpax OT Mpou3BoauTENei Topcon,
Sokkia, Leica Geosystems, Septentrio, ublox u Novatel GNSS. GOCA TPS-
KoHTposib CcrocoOeH KOHTPOJMPOBATh TaxeOMETPhl OT TNpom3BoauTenei Leica
Geosystems, Topcon u SokkKia.

3ak/rouenune

Meton ypaBauBanus pyamamenTanpHoi cetn B GOCA obecreunBaeT eIuHYyIO
MPOCTPAHCTBEHHYIO MPUBSA3KY U OLEHKY COCTOSIHUS Jedopmaiiuii, T.e. CMEUIeHUH,
GNSS/LPS-ceHcopoB Ha TOUKax 0OBEKTa B CHCTEME KOOPIUHAT OMOPHBIX Touek. Jliist
reoJIe3NYECKOT0 OHJIAH-aHaIN3a CMEIICHUN TO4YeK OOBEeKTa MOXKET ObITh BBHIOpaH
rubkuii, onpenensieMbiii nmonwszopareseM MVE, wunu onenka cmemenust (SHT), niun
¢unerp Kanmana (cMmenieHue, CKOpOCTb M ycKopeHHue). JlaHHbIe JIOKaJbHBIX
ceHcopoB (LS) Takke morytr ObITh mpoBepeHbl cuctemoii GOCA Ha 3-M 3Tame
pabotel. [IpuMeHeHHe MeTola HAaWMEHBIIUX KBaapPaToB W pPOOACTHOW OICHKHA B
npoleaypax aHanusa aedopManny Mo3BOIIEeT TaK HACTPOUTH CUCTEMY OTOBEIICHHUS,
4yTOOBI OHA cpabaThiBajia TOJNBKO B CIIy4ae JOCTHXKEHUS KPUTUYECKOTO COCTOSHHUS,
JIOKa3aHHOTO CTAaTUCTUYECKOW MpoBepkoil. OleHKa HEeTIPEPHIBHBIX BPEMEHHBIX PSIIOB
CMEIEeHNN OOBEKTOB M BEKTOpA COCTOSHHS JIOKAJIbHBIX CEHCOPOB, OOecreueHHas
GOCA, oTkpbIBae€T HOBBIE MEPCIEKTUBBI B aHanu3e nedopManuii U KaauOpOBKE



Mozened. Uro KacaeTcs MpEACTaBIEHHOIO Iepexola OT  KJIACCHYECKOro
reOMETPUYECKOro aHaiuza JedopMalvi K T.H. CUCTEMHOMY aHajIu3y, TO ATOrO
TpeOYIOT MHTEpPEChl T€O/Ee3UU W JPYIHX JUCUUIUIMH, TaKUX, KaK TeoJIMHAMMKa,
FEOTEXHUKA M TPAXKIAHCKOE CTPOUTENBbCTBO. YTO KacaeTcs MOHHUTOPHHIA
nedopmalii  CTPYKTYp, HajbHEHIee pa3BUTHE MaTeMAaTUYECKUX Mojeseil OyneT
OCYUIECTBISATHCA MYyTEM MHTETPAlli JIOMOJHUTEIBHBIX MapaMeTpoB (Kak Hampumep,
napaMmeTpbl MaTepuasoB, MO/ TOBPEXKCHHUSA), TaK U JTIONOJTHUTEIBHBIX TPUOOPOB
(HampuMep, TEH30METP M MHKJIMHOMETP) C UCIOJIb30BAaHMEM CHUCTEMHOTO aHallu3a.
IIpencrapneHnbiid Boillie npumep ucnonb3zoBanus cucteMbl GOCA st HaOmoneHust
3a 1aMO0# MOKa3bIBAET, YTO € MOMOILBIO TOCTOSHHOIO T'€0AE3UYECKOT0O MOHUTOPHHIA
MOYKHO TTOJTyYUTh BBICOKOTOYHBIN BEKTOp M3MeHeHus Y (t) cmemenus U(t), ckopocTu

U(t) u yckopenus U(t) Touek oObekTa. Ita HHGOPMAIKSI MOXKET OBITH HCIIOJIb30BaHA
B JIAJIbHEHIIIEM ISl IOJTOBPEMEHHOTO MPOTHO3a COCTOSIHUS TUIOTHUHBI.
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COBPEMEHHOE COCTOAHWUE PELWWEHUA 3A0AY TEOAE3NYECKOIO
MOHUTOPUHIA COOPYXEHWUW ONA NIIOTUH N'3C

/rcoen ean Kponenopox

Leica Geosystems AG, Heinrich Wild Strasse — CH 9435, IlIBeiinapusi, TUPEKTOp OTACIIA
pa3BUTHS OM3HEC-TeXHOI0Tui, Tei. +32 474 98 61 93, daxc: +32 81 41 26 02, e-mail:
joel.vancranenbroeck@Ileica-geosystems.com

Ananu3om nedopManuii IpakTHYECKU epecTann 3aHUMAaThest. CeroIHs SKCIEPTHI TaxkKe He
WHTEPECYIOTCS, €CTh JIM CMEIICHUS B KPUTHYCCKUX TOUKAX COOPYKEHHUsI. A, MKy MPOYHUM, U3-3a
TEIUTIOBBIX 3arpy30K U U3MEHEHUSI TOPU30HTA BOJIbI KXKI0€ COOpYyKeHue u B yactHocTH [ DC
cmemaercs. Ho xoporto ecinu u3MeHeHne o01Iero COCTOSIHUSI MPEAYIPETUT 00 OMacCHOCTH, TOT/IA U
MOSIBUTCSI HEOOXOUMOCTD B ITPOBEACHUU OOJBIINX UCCIICTOBAHHIA. .

PexomMenayercst pobacTHOE ypaBHHUBAHUE PE3YJIbTaTOB U3MEPEHU Pa3IMUHBIMU
ABTOMATHUYECKUMHU I€0/I€3NYCCKUMHU MHCTPYMEHTAMU, UTO TAPAHTUPYET BHICOKYIO TOYHOCTD U
HAJEKHOCTh. MHOTOKpaTHBIE MPOBEPKHU CTATUCTUUECKON THIIOTE3bI MMO3BOJISIFOT BBISABIIATH IPyObIe
OIUOKHN ¥ HECTAOUIILHOCTH OMOPHBIX ToueK. OUeHb BaXKHO IS 33714 Ie01€3UYECKOTO
MOHHUTOPHHTa UMETh UHTETPUPOBAHHYIO CHCTEMY, KOTOpast Obl MO3BOJIMJIA OTJIMYATh CMEIECHUS
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The aim of deformation analysis has shifted and nowadays experts are not even looking if
critical points of a structure have moved (and by the way due to thermal loads and the modification
of water levels every structure such Hydro Power Plant is moving) but well if some patterns have
significantly changed to be alerted and lead more investigations...

The combination of measurements from multiple geodetic automatic instruments can be
handled by a robust adjustment ensuring the highest precision and reliability. The detection of
outliers is based on multi-level statistical hypothesis tests as well as the detection of unstable fixed
points. It is essential for geodetic monitoring applications to have a complete system that can
distinguish movement of the structure from problems in the reference frame and can identify which
reference points are stable and which are not.

The paper will review the performances of new geodetic sensors and analysis methods
regarding the context of a solution that would address the today interests of the experts.
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SUMMARY

The technical field of structural monitoring has made major progress in the
recent years. New developments were driven by the need to keep engineering
infrastructures in service beyond their expected lifetime due to limited funds for their
replacement or because major modifications (like the change of turbines for
increasing the power capacity) will impact. The environment can also change
(seismic events, tsunami) and hurt the infrastructures especially if the code of
construction has been under evaluated.

Actually the term “Structural Health Monitoring” is more and more often used
and refers to methods witch access the health status and safety of a structure and
make estimation of its remaining lifetime.

However, structures can only be kept in service if they do not put the safety of
the users at risk. Critical parts of a structure as well as global behaviour have to be
monitored in continuous intervals with high precision.

The aim of deformation analysis has shifted and nowadays experts are not even
looking if critical points of a structure have moved (and by the way due to thermal
loads and the modification of water levels every structure such Hydro Power Plant is
moving ) but well if some patterns have significantly changed to be alerted and lead
more investigations ...

With highest resolution and highest recording rate of today's instruments the
small deformations caused by the daily temperature changes, water levels etc. can be
observed.

The paper will review the performances of new geodetic sensors and analysis
methods regarding the context of a solution that would address the today interests of
the experts.

1. FACING NEW CHALLENGE

Engineering companies and contractors are facing challenges never experienced
before. They are being charged with — and being held liable for — the health of the
structures they create and maintain.

To surmount these challenges, engineers need to be able to measure structural
movements to millimeter level accuracy. Accurate and timely information on the
status of a structure is highly valuable to engineers. It enables them to compare the
real-world behavior of a structure against the design and theoretical models.

When empowered by such data, engineers can effectively and cost efficiently
measure and maintain the health of vital infrastructure. The ability to detect and react
to potential problems before they develop helps in the reduction of insurance costs
and the prevention of catastrophic failures that may results in injury, death or
significant financial loss.

A structural monitoring system will help reduce both the current and long term
maintenance cost associated with structural movement and will reduces risks, as data



analysis can be used to aid the understanding of current and future implications of
structural movements. Safety and structural integrity concerns can be minimized.
Potential problems can be detected and rectified before a critical situation develops.

2. FROM AUTOMATIC SURVEYING TO PRECISE CONTINUOUS
MONITORING

Based on surveying sensors like GNSS receivers and Automatic Total Stations,
Geodetic Monitoring solutions are integrating also wireless communication tools,
acquisition software’s, PC servers, accessories, power supply, solar panels, weather
station, warning sensors, web interfaces and analysis to become complex systems.

And if the engineers today are considering often the surveying instrumentation
just like “sensors” to be plugged and connected to even their real time analysis
software’s, they shouldn’t forget that the key for succeeding in their monitoring
projects is first to consider instrumentation and equipments that can deliver high
accurate and reliable measurements 24 hours a days and 365 days a year through any
communication media under any weather conditions and remotely controlled.

All modern automatic geodetic instruments can be combined in various systems
where GNSS antennas collocated with 360° reflector are acting as “Active Control
Points” for Automatic Total Stations networked.

If multiple total stations are able to make measurements to a common set of
prisms, the measurements can be combined in a mathematically optimal way known
as network adjustment.

By combining the measurements in a network adjustment it is possible to
increase the precision of the solution’s estimates and determine a common reference
frame for all total stations even in the case that some of total stations cannot observe
stable control points or are themselves unstable.

It has been proved also that the combination of a very precise inclinometer with
a GNSS antenna and receiver can consist a stand-alone basic monitoring station for
high rise buildings and dams monitoring and that the performances of such precise
dual-axis inclinometer can fairly compete in the frequency domain with an
accelerometer.

Recently the benefit of GNSS Network RTK corrections to provide unbiased
positioning information from GPS and GNSS monitoring receivers has been
demonstrated for several monitoring projects in Hong Kong and reported in several
International Conferences such as ION (USA) and the FIG International World
Congress in Sydney 2010.

But it’s not only concerning the Geodetic instrumentation and actually today
there is a growing interest to collocate and correlate the information’s from the
geotechnical sensors and with the geodetic sensors to develop an integrated
deformation model. The GNSS receivers have the capacity to time synchronize all the
other sensors by their PPS output and the geotechnical sensors can be considered to
“offset” the geodetic locations.



3. AUTOMATIC NETWORK ADJUSTMENT AND DEFORMATION
ANALYSIS

Continuous Geodetic Monitoring systems must also have the capacity to process
in timely manner the huge amount of data gathered in a central computing centre to
deliver in simple ways (graphically and with clear reports) the reliable warnings and
alarms.

It’s therefore just mandatory to consider an automatic least squares network
adjustment where the single epoch automatic deformation analysis is based on a
rigorous statistical approach and can also be used for designing a monitoring project
to match the expected accuracy requirements.

The combination of measurements from multiple geodetic automatic instruments
can be handled by a robust adjustment ensuring the highest precision and reliability.
The detection of outliers is based on multi-level statistical hypothesis tests as well as
the detection of unstable fixed points. It is essential for geodetic monitoring
applications to have a complete system that can distinguish movement of the
structure from problems in the reference frame and can identify which reference
points are stable and which are not.

It is also of the prime importance for the engineers managing monitoring
projects to have the tool to design the setup of the instruments in such a way that the
ensemble will fit with the expected accuracy. Least Squares Adjustment can simulate
the mathematical geometry to optimize the network accuracy and reliability.

4. HYDRO POWER PLANT STRUCTURAL GEODETIC MONITORING

Each site where a Hydro Power plant has been designed and built is unigue and
it’s why a geodetic monitoring solution should be carefully designed taking into
account various parameters in the setting of the stations, the control points and the
most appropriated technology to locate the points of interest.

The technical characteristics of facilities and contractor network design are to
provide generally the accuracy of planned coordinates of monitoring points after
processing by specialized software with errors (root-mean-square deviation — RMSD)
not exceeding the values below:

— Horizontal: £3mm (two times standard deviation).

— Vertical: +5 mm (two times standard deviation).

The solution suggested nowadays for achieving such requirements is a
combination of GNSS and Automatic Total Station (TPS) technologies into a data
fusion system where a strict Least Squares Adjustment model is the processing
kernel.

Such combination of GNSS and TPS technologies has already proven its
efficiency in several projects (mining, building construction, ground surface
monitoring etc.) but it was in 2005 that for the first time that such system has been
developed successfully for addressing the challenging accuracy specifications of the
Burj Khalifa’s tower construction in Dubai (the tallest worldwide building).



The author named the concept “Active GNSS Control Points” where a Total
Station is using as control points three to four GNSS antenna’s collocated with 360°
reflector.

Active GNSS Control Point Concept
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Fig 1: For the Burj Khalifa, the Total Station was even considered as not referenced
to the gravity vertical and due to building motion and vibration, the compensator has
been switched off. The processing was purely in a 3D frame. Total deflection of the
tower was about 4 mm from the design.

In the suggested design for typical Hydropower Dams, all the GNSS Control
Points antenna’s would be collocated with a 360° reflector that all Total Stations
would be able to measure providing an unique combination of sensors.

Part of the new design is based on the fact that Automatic Total Stations will
also measure the directions Hz, Vz and the slope distances to the 360° reflector
collocated with the GNSS antenna’s of the Control Points such as illustrated here:
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Fig 2: Proposed new design



GNSS data can be processed in either real time (at rates up to 20 Hz) or in post
processed mode. Real time processing enables movements to be detected very rapidly
and on average has a one sigma accuracy of less than a centimetre for baselines up to
3km (Brown et al. 2006). The accuracy of real time processing is related to the
geometry of the satellite constellation (the number, azimuth and elevation of the
satellites that are tracked) at the time of measurement.

The GPS satellites travel with a speed of 4 km/s and orbit the earth
approximately every 12 hours. Hence, the satellite geometry is constantly changing
and there are times of the day when it is good and other times when it is poor,
especially if the sky view is restricted. In times of poor satellite geometry it may not
be possible to compute a high accuracy (ambiguity fixed) solution and the reliability
of the solution (the probability that the ambiguities are resolved correctly) will be
lower.

If high accuracy and reliability is critical, a better option is to collect data over a
defined period (e.g. 10 minutes, 1 hour, and 24 hours) and post process. In post
processing more data can be used to estimate the parameters (coordinates,
ambiguities, error models) mitigating short term problems due to poor satellite
geometry and resulting in a more reliable and accurate solution. Usually the result of
post processing is a single high accuracy coordinate, essentially an average over the
time period. Long data periods (e.g. one hour or more) also enable additional
parameters to be estimated to account for atmospheric (troposphere) influences,
which are strongly correlated with the station height, further improving the accuracy.
As an additional step, a median can be computed from the post processing results
over a longer time period in order to avoid any potential problems due to outliers.

Post processing combined with a median calculation is a very stable and
accurate method for computing and updating reference coordinates using GNSS data.
The downside of this approach is that if a sudden movement occurs, it will take some
time for the system to react. The solution is then to compute multiple position
estimates: a rapid estimate using real time data or a short post processing interval to
detect sudden movements to provide alarms to the operator; and a slower estimate
using a longer post processing interval to correct for the gradual movements of the
pillars.

The standard mode of precise differential positioning is for one reference
receiver to be located at a reference station whose coordinates are known, while the
second receiver's coordinates are determined relative to this reference receiver. The
use of carrier phase data in real-time, single baseline mode (one reference station and
one rover or user receiver’s coordinates to be determined in a relative sense) — also
known as “single-base” mode — is now common place.

These systems are also referred to as RTK systems (“real-time-kinematic™), and
make feasible the use of GPS/GNSS-RTK for many time-critical applications such as
engineering surveying, GPS/GNSS-guided earthworks/excavations, machine control
and structural monitoring applications.

Over the last decade and a half the use of GPS (and now GNSS) for structural
monitoring, of dams, bridges, buildings and other civil structures, has grown
considerably (see Ogaja et al., 2007, for a recent review), and nowadays the GNSS-



RTK technique is widely used around the world. Such systems output continuous
streams of coordinate results (or time series). The dynamics of the structure typically
defines the nature of the coordinate analysis. For example, if a structure vibrates or
deflects due to wind or surface loading the time series analysis is conducted in the
frequency domain (see, e.g., Li et al., 2007), otherwise standard geodetic deformation
monitoring techniques based on advanced network least squares analysis are used
(Ogaja et al., 2007).
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Fig 3: Leica GNSS Spider Positioning is centralized RTK processing “multi-
baseline” software.

The interest of having at least two GNSS Reference Stations in a monitoring
project is that both GNSS Reference Stations can also check each other in a relative
mode to detect eventual movements that would be disastrous on the GNSS
Monitoring points. Last but not least a second GNSS Reference Station is also part of
backing-up the system. This is clearly an “Integrity Control” solution.

The other significant advantage of having a “centralized” processing approach is
that for the processing of the various baselines, the GNSS Reference Station can be
selected freely and all combination of baselines can be considered.

Even more interesting is that the position between the GNSS Control Points or
monitoring stations can also be processed using different combination and mode.
Each baseline for instance can be processed in dual frequency (L1 and L2) mode but
also in the single frequency mode (L1) and considering only GPS or GPS and
GLONASS.

The resolution of the ambiguities has been also extended with the “Quasi-Static”
initialisation method where the variance of the GNSS monitoring station is
considered for speeding up the initialisation time to fix.



5. GNSS POST-PROCESSING AND TOTAL STATIONS FUSION DESIGN

If GNSS positioning technology allows various mode of processing such as
“Real Time Kinematic” only the “Post-Processing or “Near Real Time” mode is able
to combine closely and at a compatible accuracy the measurements GNSS receivers
with those obtained by the Total Stations an integrated rigorous Least-Squares
Adjustment model.

The final design the author would suggest is then the following:
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Fig 5 : Author’s final design proposal considering two GNSS Reference Stations
surrounding the Hydropower Dam’ sites to be integrated with the Total Stations
measurements by using 360° reflectors collocated with the GNSS Antenna’s Control
Points into a global Least Squares Adjustment model.

To summarize the value proposition to consider more than only one GNSS
Reference Station in that model:

— The computation of single baselines from the GNSS Reference Station to the
GNSS Control Points cannot be controlled (no redundancy) independently and will
depend entirely of the performances of that GNSS Reference Station. Simply said,
there is no”’back-up” no double check. Karl Friedrich Gauss favourite’s sentence was
“Fine messung is keine messung!” that could be translated by “One measurement is
not a measurement!”

— One can argue that already in the design, the Total Station’s measurements
can control the performances of the GNSS processing (comparing the directions Hz,
Vz and the slope distances Ds). But that will not bring enough contrast in the solution
to clearly indentify possible “outliers” and much more important to discriminate if it
IS a movement induced by the deformation of the structure or simply by the noise
level of the solution.

— The Total Station measurements will also be affected by the refraction
caused by the water surface and the high humidity level. It’s suggesting to install



meteo sensor outside the hut protecting the Total Station to mitigate some part of the
refraction influence (using the well known Barrel and Sears model) but comparing
the distance from the GNSS Receivers and the distance deduced from the solution
obtained from the Total Station will “scale-up” the distance biased by the remaining
un-modelled effects of the refraction. Therefore the following design will allow
experts to study and derive the correct refraction model applicable in such very local
case and tune the network processing accordingly the results.

— We cannot pretend that the areas where Hydro Power dams are located will
not be subject to deformation as well. There is a large interest today in the “reservoir
induced earthquake”. In numerous parts of the world today, including some of the
most highly developed countries, many dam designers and operators have tended to
close their eyes to the engineering problems posed by reservoir-induced earthquakes.
Virtually every careful study has concluded that there is indeed a cause-and-effect
relationship between some earthquakes and some reservoirs, and two dams (Koyna,
India, and Hsinfengkiang, China) have in fact come uncomfortably close to disastrous
failure during such events. Furthermore, it is precisely in the regions of low natural
seismicity where the major existing problems lie, because in areas of high seismicity
dams are usually designed for substantial earthquake resistance anyway. For those
reasons, the author is advocating to have one of the GNSS Reference Station as
“Master” Reference Station to be part of a Regional Integrity monitoring program
that would ideally be lead by the institution that has such positioning infrastructure
under his responsibility.

We would like to stress that for “safety” driven projects, the results provided by
a Deformation Permanent Monitoring System must be un-ambiguous and definitively
not subject to contestation or justification by “force majeure” elements.

6. PROCESSING WORKFLOW

All the data streams from the GNSS Receivers are gathering in real time mode
into software such Leica GNSS Spider and share with different modules.

Leica GNSS Spider Site Server is managing the incoming observation streams
to archive and convert the data into the RINEX file format for quality check, transfer
to the Integrity Monitoring processing centre and used for GNSS Post-Processing
sequences.

At an interval defined after the pre-run analysis of the network, all the data
streams from the GNSS receivers are converted into the standardized data exchange
format RINEX.

As soon those RINEX files will be produced (every 10 minutes, 1 hour, 6 hour,
... daily), the software will automatically post-processed the various combinations of
baselines defined and will write the results into the SQL database for being pulled out
by the monitoring software and combined automatically into a rigorous Least Squares
Adjustment with the Automatic Total Stations measurements.
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Fig 6: Workflow processing for GNSS RTK-Processing. The same baseline can be
processed in parallel using different parameters.
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Fig 9: Workflow GNSS Post-Processing with integration of Total Station
measurements into a global model of Adjustment.



The software is also driving the geodetic sensors such as GNSS receivers and
Total Stations and processing - after reduction - the observations separately to provide
estimated coordinates, while the automatic adjustment module is integrating all the
observations into a global model.
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One point of criticism on the complex adjustment systems is the danger one has
of loosing track. This could jeopardise the advantage of saving computing time in
minor or average networks. This system however offers for the user a strategy to
obtain results in a clear way for best interpretation. This advantage is achieved using
network analysis and the methods of pre-analysis in terrestrial and GNSS analysis for
an automatic calculation of coordinates and the detection and elimination of gross
errors.

The Least Squares Adjustment is based on a three steps processing scheme that
starts by considering all the control points as unknown. That’s what it calls a “free
network” adjustment where the processing is concentrated on the measurement
without applying any constraint from fixed points like the one formed by the GNSS
Reference Stations.

The eventual “outliers” detected in the measurement (those that are exceeding
statistical thresholds determined by hypothesis test confidence levels and flagged by a
global F-test and a individual T-test) will be de-weight and therefore their influences
will not impact the processing of the coordinates.

The second step is the “weighted constraint” adjustment, where the fixed points
will be characterized with a corresponding variance-covariance matrix (stochastical



model) to constraint ad minima the coordinates and therefore validate the stability of
the datum.

Finally the third step is the “full constraint” adjustment where all the fixed
points will condition the observations to produce the last set of coordinates for the
control points.

Along all those steps, a multiple hypothesis test is carry to analyse the
congruency of the functional model (supposed to be linear while systematic errors
such those induced by un-modelled effects of the refraction), the stochastical model
(assuming the a priori variance factor and the covariance are reflecting the effective
accuracy of the observations) and the observations.
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Fig 10: The automatic adjustment module is processing a rigorous Least Squares
Adjustment in several steps to insure best linear unbiased estimators for all the
control points.

The automatic deformation analysis is based on epoch-by-epoch scheme by
considering the initial set of coordinates as the reference epoch. Each adjustment is
producing a coordinates vector and its corresponding variance-covariance matrix with
the a-posteriori variance factor that are first aligned using a similarity transformation
type often named “S-Transformation” from which the residuals are analysed using
hypothesis tests to check the “normality” of the corresponding distribution associated
at each epoch.



Least Squares Adjustment — Work Flow 2
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Fig 11: The automatic adjustment module is able to check if control points have
moved as well as if fixed points (GNSS Reference Stations) are still stable.

7. FEASIBILITY STUDY OF A CASE DESIGN

We will examine first the situation where we could deploy three GNSS
Reference Stations, then we will decrease to two GNSS Reference Stations and we
will examine at the end what would be the performances with only one GNSS

Reference Stations.
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Fig 12: Design with three GNSS Reference Stations — Accuracy is meeting and
exceeding the specifications.
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Fig 13: Design with two GNSS Reference Stations — Accuracy is meeting and
exceeding the specifications. Difference with three GNSS Reference Stations is only
about 0.2 mm!

From this design, we have estimated the position of every sensor as well as the
position of several circular reflectors. The level of all the points has been estimated
from the graphics delivered with the initial specifications.

Having all the coordinates into a grid datum arbitrary defined we simulated all
the observations that would be carried in the reality.

Adjustment software has the capacity to simulate a Least Squares Adjustment
ignoring the real values of the observations but considering the associated
stochastical model closed to the reality and based on the instrumentation and
performances that could be achieved in real conditions.

3893305505 55144799984 12940945 1:915 3T LIS

In that simulation mode the size and direction of the error ellipsoids are
indicators of how the design could impact on the final coordinates accuracy.



We can deduce from their numerical values that the results will be precise and
homogeneous indicating that the proposed design based on three GNSS Reference
Stations and the combination of GNSS Control Points collocated 360° reflector with
the Total Stations meets and exceeds the accuracy requirements of the tender
specifications.
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The output of the simulation gave us also for each observation an estimate about
the capacity each of them will have to detect a deformation of the related point.

The average standard deviation for the monitored object points in plane is about
Imm for the height 1.4 mm. This allows detecting movements — deformation in the
engineering object better 2mm.The local redundancy is between 30 and 70 % and
allows a reliable detection of deformations.

Finally the selected network geometry and defined instruments (GNSS and Total
Station type) allows achieving a real reliable network for a long term monitoring.

In that table we have put for that given situational design the different values for
the RMS xy and RMS z as performance criteria. The point C1 is compared with the
point C2 (used as a reference and processed with 3 x GNSS + 2 x TPS).

So we can see that a network based on 2 x GNSS + 2 x TPS is offering
theoretically the same performance level in term of point’s accuracy than the 3 X
GNSS + 2 x TPS.

Even in case of failure the situation 1 x GNSS + 1 x TPS is acceptable. At the
end, the proposed instrument and software for a typical design guarantees to meet the
specification in term of accuracy at 2 c level.

In that new design proposal for a Deformation Permanent Monitoring System,
the author has described the best possible way to engage the most advanced scalable
and flexible geodetic monitoring solution for the various sites where again safety is
the prime focus.




3XGNSS +2x TPS

C1 207.4 09 |08 |08 |09 |12 1.8 0.0 0.1
C2 217.4 08 (08 |08 |08 |11 1.7

2X GNSS +2x TPS
C1 207.9 09 |08 |08 |09 |12 1.8 0.0 0.1
C2 217.8 08 |08 |08 |08 [1.2 1.8

I1XxGNSS+1xTPS

C1 250.0 1.1 |10 |11 |11 |15 2.4 0.3 0.6
C2 218.2 09 (08 |08 |09 |12 1.8
2 X GNSS
C1 200.0 22 |22 |22 |22 |32 7.1 2.0 5.3
C2 218.3 09 |08 |08 |09 |12 1.8
C1 200.0 32 |32 |32 |32 |45 10.0 3.3 8.2
C2 218.3 09 (08 |08 |09 |12 1.8
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B craTtbe onuceiBaercs ucnosb3oanue npueMHUKoB ['HCC u npou3BOsIbHBIX ceTel A
3a/la4 MOHUTOPUHTIA. B 3TH 3a1auu BXOAUT re01e3UYECKUI MOHUTOPHHT 31aHUNA U MH)KEHEPHBIX
COOPYKEHHMH U IPUPOJHBIX 00BEKTOB, HalpuMep onoi3Hu. [locnenHee BpeMs cTanu akTUBHO
UCIOJIb30BaThCS HeAoporue npueMHUkH. Hapsay ¢ 0030poM cyIlecTBYOUMX CUCTEM
MoHHUTOpHHra ¢ ucnonb3doBanueM ['HCC npuBoasdrcs u nepBble pe3ynbTaThl, OJTYYEHHbIE HOBOM
cucTeMoi, pazpaboTraHHONH HCTUTYTOM MH)KEHEpHOM reoie3ur B TeXHUUYEeCKOM YHUBEPCUTETE
[ryrrapra. ToyHOCTH ONpeaeneHus MOJ0KEHUS COCTABIISIET 2 CM JUIsl U3MEPEHUN C UHTEPBAJIOM
10 MunyT.

Kuarouessie cioBa: 'HCC, MOHUTOpUHT, OecIIpOBOIHAs CETh Mepeiaul JaHHBIX,
MIPOU3BOJIbHAS CETh, TOTIOJIOTHS CETKH.
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The contribution deals with the use of GNSS (Global Navigation Satellite System) receivers
and ad-hoc networks for monitoring tasks. These tasks enfold the monitoring of buildings and
structures as well as natural objects, e.g. landslides. The current trend is to operate plenty of low-
priced receivers. Beside an overview of available GNSS monitoring systems, first results of a new
system developed at the Institute of Engineering Geodesy of University Stuttgart (11GS) are
presented. The accuracy is characterized by a maximum positional deviation of 2 cm for a
measurement interval of 10 minutes.

Key words: GNSS, monitoring, WLAN, ad-hoc network, mesh topology.
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INTRODUCTION

In general, a monitoring concept has to be realized for any civil structure
(Welsch et al. 2000). The monitoring itself is one of the conceptual pillars to
guarantee the reliability and the stability of structures. The other pillars are a measure
and emergency concept for occurring irregularities and possible constructive
measures. Monitoring can be subdivided into visual inspection, function tests on a
regular basis, and the monitoring surveys. The measurements control the state and, if
a high data rate is chosen, the reaction of the monitored objects. From a geodetic
point of view, monitoring deals with geometric quantities and therefore rigid body
movements and deformations of the object. Since this contribution focuses on GNSS,
the monitoring from outside the civil structure is of interest only. The internal view
into the object is not possible using GNSS.

The dominating trends for monitoring are automation and continuity. In the past
years monitoring surveys were realized in defined time epochs (e.g. once a month or
once a year, so-called epoch-wise measurements). Nowadays, information concerning
the state of the monitored object should be available at any time (and at any place). In
emergency cases, this allows a reaction in near realtime. To ensure continuous
measurements the measuring instruments have to stay at the monitoring site and high
investment costs are required compared to epoch-wise measurements. Total stations
and GNSS receivers are the only possibility to continuously and automatically
acquire three-dimensional positions. Up to now, the price of the GNSS receivers
forbids their object-wide (e.g. bridges, dam walls, landslides) installation. Due to the
fact that low-cost receivers are available, which deliver measurements of high quality,
new possibilities arise. Currently, GNNS receivers may be purchased for definitely
less than 100 €. If correct evaluation strategies and methods are used, the accuracy
level is comparable to the one of expensive geodetic level receivers (Weston &
Schwieger 2010).

MONITORING BY GNSS

Since 1970, GNSS have been used for geodetic tasks. At the beginning,
exclusively the American Global Positioning System (GPS) was used; meanwhile the
Russian GLONASS is completely operable. The European Galileo and the Chinese
Compass are currently in development. In the near future, the users may use 4 GNSS
comprising more than 100 navigation satellites (e.g. Kleusberg 2010).

Absolute GNSS positioning is not useful for monitoring tasks, since the
accuracy available is around some meters RMS. In contradiction, geodetic receivers
can deliver positions in the sub-cm level, since they measure relatively using the
precise carrier phase as observation. These geodetic receivers were used very early
for geodetic monitoring issues. As written before, the development has gone from
epoch-wise to continuous measurements. For the latter, GNSS receivers are ideal,
since their data acquisition is always continuous and automatic. First experiences
were gained by Baumker & Fitzen (1996). In the sequel a multitude of automated
GPS monitoring systems were developed. In addition to measurement and evaluation,
the system GOCA comprises communication and deformation analysis (Kélber et al.
2000). Besides, a GPS monitoring system was investigated at TU Graz (Hartinger



2001). In recent years the relevant research came into accelerated motion. Particularly
the University of the Armed Force Munich has developed a system based on low-
priced Novatel receivers. It has been used for monitoring of landslides in near-
realtime (Glabsch et al. 2009). In the following, the authors describe the development
and the operation of mass-market GPS receivers within a WLAN ad-hoc monitoring
network at 11GS. First results will be presented too.

WLAN AD-HOC MONITORING GNSS NETWORK

Normally, monitoring systems are controlled centrally and a router takes over
all tasks as access point. Consequently, data acquisition is controlled by this
central station and all clients transmit their data to this central station. This is the
typical network structure that is applied within WLAN networks, too. Principally,
the nodes within wireless ad-hoc networks are organized in a different way.
Hereby the dynamic mesh topology is the central element (Johnson et al. 2007).
Each node comprises a router and an antenna and communicates with the nearest
neighbor node. This means that any node may serve as access point. Crucial to the
monitoring system is the fact that the data can search for their own way through
the net, independent from the path. Therefore it is without importance which path
the data have taken. Besides, this way is not detectable without an intervention
into the network system. As a rule, the communication in ad-hoc networks as well
as in centrally controlled networks is based on standards of the Institute of
Electronic and Electronical Engineers IEEE802.11X and uses the WLAN
frequency 2.4 GHz. The major advantages of the mesh topology are the improved
robustness and the increased band width. Both is possible due to the parallel data
communication on alternative paths within the network. Consequently, ad-hoc
routing algorithms are required. These are the essential base for self-organisation
and self-networking of the individual nodes.

In general, the band width is no drawback with respect to monitoring problems,
since individual measurement values like inclinations and temperatures or classical
geodetic quantities like distances and angles are transmitted. In the case of GNSS the
data volume is definitely higher: for each receiver 4.7 kbit/s are transmitted for a
sampling rate of 1 Hz. These requirements are fulfilled by the CabLynx Wireless
Router that is integrated into an ad-hoc network for recent investigations at the I11GS.
The router is used as WLAN router, but has the possibility to realize data transport
via UMTS and GPRS, too. Since the network is self-organized, the receiving and the
transmitting directions for the data are not known a-priori. Additionally, these
directions may change, if e.g. a link is disturbed by external influences. Hence, an
omni-directional antenna is required (for the described system the respective antenna
of the company VIMCOM is used). The autonomous system is completed for each
node by a solar panel, a charge controller, and a battery. The heart of the router are
the U-Blox GPS antenna ANN-MS and the newest U-Blox GPS receiver LEA-6T.
The LEA-6T delivers GPS raw data like code and phase measurements through a
clearly defined interface into a proprietary data format. This is the foundation for the
evaluation possibility of the GPS data in the cm-accuracy-level. Fig. 1 shows an
overview of the system components, Fig. 2 presents the equipment of one node. The



low-cost GPS antenna was upgraded with a metal shielding (ground plate) to reduce
multipath effects.
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Fig. 3 presents the advantages of the dynamic mesh topology using the example
of the 11GS GPS monitoring system. Three GPS-equipped nodes were built up. It
could be shown that WLAN communication still works for distances longer than 1
km, if the WLAN antennas are installed in a height of approximately 3 m. The
acquired data should reach the central station that is responsible for evaluation and
analysis. Between client 1 and the central station line-of-sight was not available.
Nevertheless all data reached the central station. If now client 2 was shut down and
therefore excluded from the network topology, the central station did not get any data
from client 1. Hereby two facts could be shown empirically: At first that a disturbed
line-of-sight does not permit communication; at second that the mesh topology
autonomously finds a suitable alternative.
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FIRST RESULTS

To evaluate raw data, the following steps of the procedure are realized in the
central station (Roman 2011):

— ldentification of the node for any data set and generation of node resp.
station-related files in proprietary format (own software),

— Generation of files in a defined exchange format (RINEX-Format) per
station using the freeware TEQC (TEQC, 2012),

— Determination of relative station co-ordinates with respect to the central
using the GPS evaluation software WAL (WAL, 2012).

Using the example of the measurement configuration shown in the last section
(Fig. 3) the accuracy of positioning is determined for different observation time
intervals. The co-ordinates of all stations are known at sub-mm-level for evaluation
purpose. Two one-hour sessions were measured, meaning that 6 baselines (three-
dimensional relative co-ordinates) could be evaluated. First one hour was completely
evaluated. Subsequently, the observation interval was reduced in 5 minute steps up to
a value of 10 minutes. Fig. 4 presents the repeatability standard deviations for the
time spans between 10 and 20 minutes for the baseline between client 1 and the
central station. For horizontal co-ordinates standard deviations below 4 mm are
reached, independent of the observation time span. The vertical component, the
height, leads to a worst three-dimensional standard deviation below 1 cm.

Since the co-ordinates of the individual stations are given with sub-mm
accuracy, a measure of accuracy can also be determined with respect to these given
co-ordinates. Fig. 5 shows the deviation of the average to the given co-ordinates for
all observation time spans for the same baseline. For the north component and the
height a marginal dependence from the time span can be seen. The east component
shows higher values and no dependence of this sort. Altogether, the deviations stay
below 2 cm for the three-dimensional positional deviation. The systematic east
deviation may have its cause in the use of non-calibrated antennas. The calibration
should improve the results (see e.g. Schwieger & Wanninger 2006).
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The discussed results are at the same level for the other baselines not shown in
this contribution. Altogether the dependency on observation time span is very small.
Obviously it not needed to measure one hour to reach the above-mentioned accuracy.
A ten minute time span seems to be sufficient at first glance. The investigations of



Roman (2011) show that one needs 20 minutes for a reliable and automated solution.
For shorter time spans manual analysis is required.

Outlook

Up to now the evaluation is realized in post-processing. For the future the
evaluation has to be automated to reach near-realtime evaluation. Additionally, a
Web-interface should be created to have the possibility to reach the monitoring data
from any place in the world. In Zhang et al. (2012) some steps forward are presented.
But only when these improvements are completely implemented, the system could be
used on a regular base for monitoring surveys.

Furthermore, the accuracy has to be improved. Options for this are antenna-
individual calibration, development of an improved antenna shielding and a test of
alternative low-cost antennas. The progress into the some-mm accuracy level would
prepare the ground towards an area-wide monitoring of landslides or bridges.

The expected improvement of GNSS-signal reception of the receivers — GPS
and GLONASS are upgraded by Galileo and Compass — will lead to improved
availability and reliability. Nevertheless, one has to consider that GNSS may only be
used in environments without or with few shadowing effects. For shadowed objects
or object parts complementary sensors like total stations or inclination sensors have
to be used.

Remark
The content of this contribution was before published to a large extent in
German language in Schwieger & Zhang (2012).

References

1. Biumker, M., Fitzen, H.P. (1996): Permanente Uberwachungsmessungen mit GPS. In:
Brandstitter, Brunner, Schelling: Ingenieurvermessung 96 - Beitrdge zum XII. Internationalen Kurs
fiir Ingenieurvermessung, Diimmler, Bonn, 1996.

2. Glabsch, J., Heunecke, O., Schuhbéck, S. (2009): Monitoring of the Hornbergl landslide
using recently developed low cost GNSS sensor network. Journal of Applied Geodesy, de Gruyter
Verlag, Issue 4, 2009.

3. Hartinger, H. (2001): Development of a Continuous Deformation Monitoring System
using GPS. Shaker Verlag, Aachen 2001.

4. Johnson, D., Matthee, K., Sokoya, D., Mboweni, L., Makan, A., Kotze, H. (2007):
Building a rural wireless mesh network, Version 0.8. Wireless Africa Team of the Meraka Institute,
Siidafrika, 30. Oktober 2007.

5. Kilber, S., Jager, R., Schwible, R. (2000): A GPS based online control and alarm system.
GPS Solutions, Vol. 3, Issue 2, 2000.

6. Kleusberg, A. (2010): GNSS — Uberblick. In: GNSS 2010 — Vermessung und Navigation
im 21. Jahrhundert 100. DVW-Seminar, 04./05. October 2010, Koln, Schriftenreihe des DVW, Vol.
63, WiBner Verlag, Augsburg.

7. Niemeier, W. (2007): Monitoring — was ist der Beitrag der Geodasie.
Ingenieurvermessung 07, Beitrdge zum 15. Internationalen Ingenieurvermessungskurs Graz, 2007,
Wichmann Verlag, Heidelberg.

8. Roman, M.A. (2011): Commissioning and Investigations regarding a Low-Cost GPS
Monitoring System. Master Thesis, Faculty of Geodesy — Technical University of Civil Engineering
Bucharest & Institute of Engineering Geodesy — University of Stuttgart (not published).



9. Schwieger, V., Wanninger, L. (2006): Potential von GPS Navigationsempfangern. In:
GPS und Galileo. 66. DVW-Seminar, 21./ 22. February 2006, Darmstadt, Schriftenreihe des DVW,
Vol. 49, WiBiner Verlag, Augsburg, 2006.

10. Schwieger, V., Zhang, L. (2012): Automatisches geodatisches Monitoring mit Low-Cost
GNSS. In: Messtechnik im Bauwesen, Wilhelm Ernst & Sohn Special, Berlin, in print.

11. TEQC (2012): http://facility.unavco.org/software/teqc/teqc.html. Last accessed: February
2012.

12. Ubéda, S. (2008): Ad Hoc Networks: Principles and Routing, in Wireless Ad Hoc and
Sensor Networks (ed. H. Labiod), Wiley-ISTE, London, UK.

13. WA1 (2012): http://www.wasoft.de/wal/index.html. Last accessed: February 2012,

14. Welsch, W., Heunecke, O., Kuhlmann, H. (2000): Auswertung geoditischer
Uberwachungsmessungen. Vol. 2, Reihe Handbuch Ingenieurgeodisie, Herbert Wichmann Verlag,
Heidelberg.

15. Weston, N.D., Schwieger, V. (2010): Cost Effective GNSS Positioning Techniques. FIG
Publication No 49, FIG Commission 5 Publication. The International Federation of Surveyors,
Copenhagen, Denmark.

BIOGRAPHICAL NOTES
Prof. Dr.-Ing. habil. Volker Schwieger
1983 -1989  Studies of Geodesy in Hannover

1989 Dipl.-Ing. Geodesy (University of Hannover)

1998 Dr.-Ing. Geodesy (University of Hannover)

2004 Habilitation (University of Stuttgart)

2010 Professor and Head of Institute of Engineering Geodesy,

University of Stuttgart

Dipl.-Ing. Li Zhang

2002 — 2003 Studies of Geodesy in China (University of Wuhan)
2004 — 2009 Studies of Geodesy in Germany (University of Stuttgart)
2009 Research Associate at Institute of Engineering Geodesy,
University of Stuttgart

CONTACTS

Prof. Dr.-Ing. habil. Volker Schwieger / Dipl.-Ing. Li Zhang
University of Stuttgart

Institute of Engineering Geodesy

Geschwister-Scholl-Str. 24 D

D-70174 Stuttgart

GERMANY

Tel. + 49/711-685-84040 /-84049

Fax + 49/711-685-84044

Email: volker.schwieger@ingeo.uni-stuttgart.de / li.zhang@ingeo.uni-stuttgart.de
Web site: http://www.uni-stuttgart.de/ingeo/

© V. Schwieger, Li Zhang, 2012


http://facility.unavco.org/software/teqc/teqc.html
http://www.wasoft.de/wa1/index.html
mailto:volker.schwieger@ingeo.uni-stuttgart.de
mailto:li.zhang@ingeo.uni-stuttgart.de
http://www.uni-stuttgart.de/ingeo/

V]IK 528:629.783

NMPUYUHDBI YCINEXA U HEYOAY NMPOEKTA THCC MHOPACTPYKTYPbI OJ1A
NO3NLUNOHUPOBAHUA B PEXXMME PEAJIbHOIO BPEMEHU

/rcoen ean Kponenopox
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Buncenm Jlyu

Leica Geosystems Ltd, Unit 1701-3, DCH Commercial Centre, 25 Westlands Raod, Quarry Bay,
Hong Kong, KuTaii, cieruanuct 1mo TeXHMYeCKUM BOIIPOcaM U MEeHeKep 1o npoaakam (I'oHKoHT,
TaiiBanb u Monronus), Ten: +85-296-848571, e-mail: vincent.lui@Ileica-geosystems.com.hk

BospimacTBo npoektoB GNSS Network RTK («I'HCC st paboThl B pesKMMe peaabHOTO
BPEMEHMN») pa3pabaThIBAIMCh TOIBKO C SN0 COKPALICHHS 3aTPaT Ha COAEpKaHue U 00CITy)KNBaHUE
TPAJIMIIMOHHON T'€0/Ie3NYECKON CEeTH, B KOTOPO 3HAYUTENbHAS YacTh OFOJDKETA BIIA/ICNbIIAa TPATHIIACh
Ha coJiep KaHue OMOPHBIX penepoB. B MecTax, rae OTCyTCTBYET reo/ie3udecKasi CeTb, HO CTaBUTCS
3ajiaya CO3JaHus U COAepKaHus UHPPACTPYKTYpPhI IPOCTPAHCTBEHHBIX JaHHBIX, HEOOXOIUMAs IS
yrpaBieHus 3emiieii u kagactpoBbivu onepanusimMiu GNSS Network RTK mosker okazatbest
HEOILIEHUMOMH.

ABTOpBI pyKOBOJWIH Pa3pabOTKOI TEXHOJIOTHH, €€ PeKIIaMUPOBAHUEM, IPOEKTUPOBAHUEM U
BHEJIPCHUEM Pa3IMYHBIX HHYPACTPYKTYpP MO3UIMOHUPOBaHUs ¢ ucnonb3oBanueM GNSS Network
RTK B pa3HbIX cTpaHax Mupa.

B cratbe paccmarpuBaroTCs NPUYHHBI, KOTOPBIE, 10 MHEHHIO aBTOPA, MOTYT CJIENIaTh MIPOEKT
I'HCC undpacTpyKTypshI 1151 TO3UIIMOHUPOBAHUS B PKUME PEATbHOTO BPEMEHH YCTICIITHBIM HITH
YOBITOUHBIM.

Ectb 11 Oyayiee i Takoi HHQPACTPYKTYphl CETH, U KAKOBBI IOJKHBI ObITh YCIOBUS IS
ux ycroiunBoctu? Kakoa peanbHas s5koHoMUA? J[eHCTBUTENBHO JIU MPOJIaka MOMPABOK SBISIETCS
€IMHCTBEHHBIM MTPOAYKTOM M HACKOJIBKO TT0JIH30BATENN TOTOBBI IUTATUTH 33 CEPBUC, KOTOPBINA OB
MOCTABJISICS TpH ycinoBuH co3aanus cooctBeHHor ['HCC akTuBHO neicTBYIOMIEH cTaHIIUNA?

PaccmaTpuBaroTcst BOIIPOCHI, KacaroIuecss He00X0UMBIX Mep 1o nHBecTUIsaM B GNSS
Network RTK 1 m3MeHeHUI0 KOHCTPYKIIMU CYHIECTBYOLICH CETH, YTOOBI C/IETaTh TAKYIO CETh
HanOoJIee BLITOTHOM.

KiaroueBbie cioBa: GLONASS, GPS, THCC, uentpanu3oBaHHas 00pabOTKa JaHHBIX,
nornpaBku RTCM, NTRIP, umadpactpykrypa MO3WUIIMOHUPOBAHUS, MOHHTOPUHT IEJIOCTHOCTH,
Ou3HeC, onepaTop, KOHIIECCHs, MAPKETHHT, YIIPABICHUE TIPOEKTOM.
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Most of the GNSS Network RTK projects have been developed by the economical
justification that an active geodetic network would reduce the cost of maintaining a traditional
geodetic network where the maintenance of the benchmarks and the control survey were a
significant part of the owner’s budget. GNSS Network RTK can also be justified where there was
no geodetic network to assist the creation and the maintenance of a Spatial Data Infrastructure to
support land governance and cadastre operations.

The authors have been in charge of both the development of the technology and also on the
promotion, the design and the implementation of numerous GNSS Network RTK positioning
infrastructures worldwide.

That paper is dealing with the reasons the author has indentified to make such project a
success or a failure.

Is there still a future for such infrastructure and what would be the conditions to make them
sustainable? What is the real economy? Is selling corrections the only product and how the users are
prepared to pay for a service that could be still delivered by setting up their own local GNSS Base
Station?

Those questions will be reviewed to conclude about the possible changes needed to consider
still an investment in a GNSS Network RTK of a great value and how re-engineering an existing
GNSS Network RTK can be beneficial.

Key words: GLONASS, GPS, GNSS, Centralized Processing, RTK, RTCM corrections,
NTRIP, Positioning Infrastructure, Integrity Monitoring, business, operator, concession, marketing,
project management.

SUMMARY

Most of the GNSS Network RTK projects have been developed by the
economical justification that an active geodetic network would reduce the cost of
maintaining a traditional geodetic network where the maintenance of the benchmarks
and the control survey were a significant part of the owner’s budget.

A GNSS Network RTK can also be justified where there was no geodetic
network to assist the creation and the maintenance of a Spatial Data Infrastructure to
support land governance and cadastre operations. We also have seen the decision to
deploy such technology as part of prestige from governmental organizations but
without a clear analysis of user’s need and business plan leaving such positioning
infrastructure with only few users and a request to re-engineer the approach.

The authors have been in charge of both the development of the technology and
also on the promotion, the design and the implementation of numerous GNSS
Network RTK positioning infrastructures worldwide. That paper is dealing with the
reasons the authors have indentified to make such project a success or a failure.

Is there still a future for such infrastructure and what would be the conditions to
make them sustainable? What is the real economy? Is selling corrections the only
product and how the users are prepared to pay for a service that could be still
delivered by setting up their own local GNSS Base Station? How to deal with the
security that most countries are concerned with in term of releasing precise
coordinates? Will we be able to cope with the new constellations signals? Is Precise
Point Positioning the technology that will make the GNSS Network RTK obsolete?
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Where are the hidden costs and how much the communication infrastructure is
affecting the operation expensive?

Most of those questions are open and must be reviewed to conclude about the
possible changes needed to consider an investment in a GNSS Network RTK of a
great value and how optimizing and re-engineering an existing GNSS Network RTK
can be carried out and beneficial for the owners of such positioning infrastructure.

INTRODUCTION

A continuously operating GNSS reference station - or permanent reference
station as it is often called - comprises a GNSS receiver and antenna set up in a stable
manner at a safe location with a reliable power supply. The receiver operates
continuously, logging raw data, perhaps also streaming (continuously outputting) raw
data, and often outputting RTCM and DGPS data for transmission to RTK, GIS and
GPS and GNSS navigation devices. The receiver is usually controlled by a computer
that can be located remotely if necessary. The PC will usually download data files at
regular intervals and pass them to a bulletin board or web site for access by the GPS
user community.

One or more single reference stations supplying GNSS services in the
immediate surrounding areas may be all that is required by some organizations. Other
authorities, however, may need to establish networks of reference stations - perhaps,
5, 10, 20, 50, or even more - to provide complete GNSS services over entire regions
and even countries. A single server running a GNSS reference station software and
communicating by telephone, LAN, WAN or Internet can control all the stations in
the network (PC’s are not required at the receivers). If required, the entire network
can be computed automatically to determine the positions of the antennas and even to
derive ionosphere-free area corrections for enhanced RTK performance.

This brief introduction illustrates that reference stations and networks can vary
considerably in extent and complexity.

Organizations that are studying the establishment of reference stations should
consider carefully what they will be used for, what services they will have to provide,
and what will be the appropriate levels of sophistication and cost.

WHAT ARE GNSS REFERENCE STATIONS USED FOR?

The first reference stations, in the days when GPS was in its infancy, were set up
along coastlines to transmit DGPS corrections to improve the accuracy of ship
navigation.

Today, with the widespread acceptance of high-precision GNSS measurement
techniques, GNSS reference stations are being established all over the world in ever
increasing numbers to monitor the earth’s crust, to provide geodetic control, to
support surveying, engineering, GIS and precise positioning, as well as to monitor
natural and man-made structures and to support machine guidance systems in
agriculture and construction sites.



Geodetic control for surveying, engineering and GIS

A network of continuously operating GNSS reference stations can easily replace
a traditional triangulation/traverse network. The stations can be set up at convenient
locations in areas where they are needed (rather than on remote hilltops). Network
geometry is not as critical as with traditional networks, and the accuracy is higher and
more consistent. Users set up their field receivers in the areas in which they are
working, download reference station data via the Internet, and compute their
positions. The stations can also transmit RTK and DGPS data for direct use by RTK
and GIS field rover equipment.

Such a network can be of almost any size. Whilst one or two stand-alone
reference stations may be all that is required for a local area, town and municipality,
opencast mine or engineering site, a multi-station network will usually be needed to
provide full GNSS service coverage for a large county, region or entire country.

Endless permutations

GNSS reference stations and networks can be used in many ways for many
applications.

Stations and networks can be set up and configured for just one particular
application and one user group. Or they can be designed to be multi-functional to
support a wide range of applications and a multitude of users.

A single reference station may be perfectly sufficient for a small locality. A
multi-station, multi-purpose network will often be preferred for an entire region.

The permutations are endless.

POINTS TO TAKE INTO ACCOUNT WHEN DECIDING WHAT TYPE
OF STATIONS AND NETWORK ARE NEEDED

GPS reference stations and networks are readily scalable. They can be easily
enhanced and upgraded as requirements change and the number of users increases.
Thus, initially, it will often be quite sufficient to establish only the stations and
services that are really needed.

Afterwards, as the requirements increase, the number of users grows and
additional funds are available, new stations and features can be added and the
services that are provided can be improved and enlarged.

The initial investment is never lost.

— What is required?

— What applications have to be supported?

— What will the stations and/or network be used for?

— What is needed today?

— What will be needed in future?

— The area to be covered

— Where to establish the stations?

— What can be the separation distance between stations?

— The need for suitable sites with an open view of the sky

— Power, communication, security



— The infrastructure that is readily available and can be used

— The new infrastructure that has to be added

— The type of users that have to be supported

— The number of users that have to be supported

— Is it sufficient simply to log data and provide RINEX files?

— s italso required to transmit RTK/DGPS data?

— The most suitable methods of communication between the receivers and the

— The most suitable methods for distributing RTK/DGPS data

— The most suitable communication for distributing RTK/DGPS data

— The cost of establishing the stations and/or network

— The cost of running the stations and/or network

— The running costs for RTK and GIS rovers

— Computing the baselines between stations to check the positions of the

— The budget that is available today

— The budget that will be available in future

— Charging for services and data

— Who is effectively the owner

— Who from the organisation will be effectively in charge of supervising the

— What is planned for promoting the services
— What is the vision over the next 5 years
— Does a business plan and a financial plan available

CHARGING FOR PRODUCTS SUCH AS RINEX AND RTK/DGNSS
DATA.

Reference stations and networks require significant investments.

Running costs, particularly for networks, have to be considered.

Some organizations establish standalone reference stations or networks purely
for their own use. Other organizations provide products and services for the GPS user
community: they allow access to RINEX files and possibly raw data files on an FTP
server, they distribute RTK and DGPS data, and they may even provide
transformation parameters in order that RTK and GIS rovers can easily transform
WGS84 values into the local coordinate system.

If users of GNSS rover receivers are able to obtain the required data easily and
reliably from permanent reference stations, they derive benefits from the services and
do not need to invest in additional receivers for use as temporary field references.

Many organizations that operate reference stations and networks are interested
In recovering at least part of their investment and covering their running costs. They
would like to charge for the data and the services that they provide.

With the advent of new satellite constellations (COMPASS/BEIDOU,
GALILEOQO) provisional budget must be consider to upgrade the installation on both



hardware and software knowing that replacing the most sensitive element — the
GNSS antenna — will force for having a new set of very precise coordinates.

ECONOMICAL JUSTIFICATION FOR A GNSS POSITIONING
INFRASTRUCTURE

It is well recognized today that a reference network comprised of permanent
GNSS stations provides the fundamental infrastructure required to meet the needs of
professional GPS users in many areas of surveying and mapping. Examples of
applications are found in survey control work, densification of existing geodetic
networks, acquisition of data for GIS applications, cadastral operations,
determination of fiducial points for photogrammetric work, monitoring of
engineering works, mapping of utility corridors, assets, etc. In fact, the number of
applications benefiting from the establishment of permanent networks seems to be
growing daily.

The widespread use of RTK GNSS and DGNSS techniques has encouraged
decision-makers to look for ways to replace traditional geodetic networks with
networks of permanent GPS reference stations. For example, a tighter control of the
networks can be achieved from the data supplied by permanent reference stations
both in post-processing and in real-time. With streaming data, the influence of those
spatial and temporal errors affecting GPS measurements can be estimated in real-
time. This in turn means the quality of the transmitted corrections is improved and the
range of RTK GNSS increased.

CAN THE COSTS ASSOCIATED WITH PERMANENT GNSS
NETWORK BE RECOVERED?

The majorities of permanent GPS networks have been, and will continue to be
for some time to come, initiatives primarily from government agencies.

These government entities have been able to justify the costs of implementing
GPS networks by citing the approach of "preventable costs"; similar to the strategy
used to finance the establishment of classical geodetic networks decades earlier. The
return on the original investment is not measured in nominal terms of hard revenue
but in keeping the costs borne by the industry lower than the alternative. This
approach also encourages network standardization and avoids the appearance of a
patchwork of private, customized networks for project-specific purposes.

The net result of these free, but limited, services has been to give the user the
impression that the distribution of differential GPS corrections should remain free of
charge, and that the cost of establishing and maintaining the networks, and providing
services should be assumed by the network operators.

This statement is supported by the marked decrease in the number of paying
users for the GNSS correction services provided by companies a few years ago. They
have since struggled to remain competitive in the face of the U.S. presidential
decision to turn off Selective Availability on the GNSS signal.

Even today, agencies are facing an uphill battle in trying to convince potential
users to subscribe to their GNSS corrections services. The primary reason is the



disproportionate cost for the offered services with regard to the limited number of
customers.

It may be useful to compare our present situation with that of cellular phone
service providers several years ago. There is no denying that these companies are
now seeing healthy profits from the various levels of wireless service they offer
today. However, when the products were first introduced to the public, the companies
gambled on the presupposed reliability and variety of services to lure the customers,
and offset an often complex and costly infrastructure.

Evidence that their investments paid off can be found in the steady increase in
the number of users over the years and the attraction for new service offerings being
rolled out on a regular basis. These services are indeed new applications that users
have been willing to pay for.

NEED FOR NEW INFORMATION BROADCAST SERVICE BASED ON
GNSS NETWORK

This is not wishful thinking resulting from our infatuation with communication
technologies, but truly an achievable goal. Decision-makers wish to control the
quality of services based on the type of products their networks provide.

They are also committed to providing GNSS network solutions in the
appropriate reference system. Coordinate transformations should not been seen
purely as side products: the very purpose of permanent GPS networks is to offer a
complete integrated datum-consistent solution. To those who argue that the
transformation algorithms could be integrated into the rover units, and that a certain
level of control can be achieved by forcing the user to calibrate his system on existing
control points; we answer that in doing so, we have eschewed our responsibility for
providing a complete solution.

We must add also that the software applications used to manage permanent GPS
networks could, and even should, incorporate functions to monitor usage and/or
charge users for services.

Provider companies have already begun to integrate user monitoring
applications into their software products by including the display of user positions,
recording the number of requests for specific services, and generating statistical
information that form the basis for charging users.

This type of functionality is now considered essential by the GNSS Network
operators giving them the ability to exercise control over their networks in order to
enhance the value of their services.

The subject of increased data integrity is then creating considerable interest
among GPS network operators. What if they could provide a service that bypassed
the problems that users routinely encounter in processing their own data?

A reliable network service providing high-quality and high-fidelity solutions
would no doubt generate significant revenue.

TO SUCCEED OR TO FAILWITH A GNSS NETWORK PROJECT
All the previous considerations should however not hide the scope of this paper
concerning the way to succeed or to fail a GNSS Network RTK project.



There is a clear indicator to measure the success or the failure of a GNSS
Network project and that is the number of users actually connected to the services.
Being setup as a free of charge or pay service, the number of users must generally be
greater than 10 by GNSS Reference Station. For a GNSS Network of let’s say 25
GNSS Reference Stations, the operator should question himself is the number of
users is less than 250 while networks of 100 stations actually are not far to support
2500 users.

And with new interest of the non surveying communities such farmers and
contractors it’s clear that that rule of thumb must be adapted and reviewed.

If we often prefer to listen about the success, it’s also in our human nature to
learn by our mistakes and failures and the case of a GNSS Network does not differ
than any other project with some specifics that must be carefully considered.

The most important is to remind the sentence that “how a project starts, a project
ends”. If a GNSS Network starts without serious investigation on user’s needs and
expected services delivered in term of accuracy and availability, reliability and
format, it will fail. If a GNSS Network starts without reviewing and consulting with
all the potential users, it will fail. Marketing is certainly important and no one will be
surprised to assist a failure when few people were aware about the proposed services.

What do you mean by infrastructure?

We often refer a GNSS Network RTK as a positioning infrastructure while in
general the services delivered are mainly RINEX files, corrections streams and
centralized post-processing facility. Except for that last case, a GNSS Network RTK
is not delivering the user’s position. In Japan and in Germany there are GNSS
Network RTK operators that allow the use of a Client Server RTK service where the
users are streaming their rover observations to a central site and from where they get
their positions processed centrally in real time.

If we compare a GNSS Network RTK with a well known communication
infrastructure such a high way we could say that the road and tool gates are what we
have with the system. Services can complement such gas station and shopping centre,
recreational area and at first for sure emergency services, police and rescue.

That doesn’t mean that the high way owner will prevent any driver to eventually
crash his car or to cause an accident. The drivers are fully responsible about the way
they drive. Education and sanction for strange behaviour and high speed are often
used to prevent accidents but again at the end the driver is alone.

In our case, the driver is the GNSS rover user and he should first know how to
use his equipment at its best, understanding that a minimum number of satellites must
be in view and that the configuration (GDOP) is a key success factor.

The highway authority is our GNSS Network RTK operator and is responsible
for delivering on real time the best corrections, integrity and availability.
Communication is the most sensitive factor for both player and we can in our
example assimilate the communication with the weather conditions if the
telecommunication partner is not under control or not integrated as partner. While
weather (ionosphere) can certainly also be a disturbing factor especially when we
reach a peak in the solar activity which is the case today.



Also it is becoming a good practice for a GNSS Network operator to deploy
several permanent rover RTK in order to monitor exactly as the users the
performances of the system otherwise discussions will flow in and out about who is
right and wrong.

Normally any kind of vehicles are allowed on a high way and that must be the
rule here as well. Often the GNSS Network RTK infrastructure supports any brand of
GNSS RTK rover by distributing standard formats such RINEX, RTCM and NTRIP
protocol. But that must be explained and there is a great benefit for the GNSS
Network RTK owner to deliver extensive documentation for the potential new user.

Too many times we have questions about how the existing equipment is
compatible or not...

Pre-analysis, investigation and market research

That is the starting point and methods exist to not only put in face what will be
available in term of service and what kind of different classes of users will be served.

That is often an easy mistake to start from the today capacity of a GNSS
Network RTK in term of functionalities to derive the expected target community.
That will not make the infrastructure evaluating over the time.

The right way is to question all the organisations and individual about their need
in term of positioning. Accuracy, reliability, availability, cost, charging mechanism,
rover equipment needed with the associated communication device and the
transmission services are several of the questions that helps to drive the preliminaries.

Then a map can be drawn and at the start the future owner will have an idea
about the number of potential users and what the functionalities he has to consider
satisfying the needs.

Unfortunately we know cases where that analysis has not carried out properly
and when the project is released there is a big disappointment when the potential
users seem not interested by the services and are still considering setup their own
local GNSS Reference Station.

It may be helpful to ask the support from consultants or from other organisations
that did such projects successfully. The role of a consultant is critical for building a
complex infrastructure so why not to consider?

Normally at that stage a business plan, a financial plan and the business
model(s) must be drafted and regularly reviewed.

The network operator is not necessarily the owner

Organisations traditionally in charge of geodetic operations are often responsible
for studying and deploying GNSS Networks to turn their geodetic passive network
into an active one. Most of the time and by nature (governmental agencies) those
organisations are not business or profit oriented and should consider in the operations
a tier operator who will be responsible for making the services profitable.

We have seen cases where even the system provider or telecommunication
partner has been charged for the operations and for charging the services or simply to
deliver the subscriptions.



The idea to place the infrastructure for concession should be considered when
the owner doesn’t have experience and capacity for charging and managing the
revenue of the services.

It’s all about marketing

Questions rose also about how to target more users. We know projects where
after several years of operation, responsible asks us how to bring more users
connecting to the system.

There are professional organisations that should be informed and most probably
have some interest that their members are part of the user community.

We never waste our time to educate people and to teach them what exactly the
system will deliver in term of benefit and also what the system will never be able at
that present time to deliver.

In some place there is an annual meeting with all the users to review the services
and to derive where improvements are requested and what kind of new services will
be appreciated to leverage the number of users.

When users are happy with the services it’s also good marketing to let them
share their experiences with new coming members.

The most common reasons to fail

If we cannot list in that paper all the reasons such project will with a great
probability encounter some failures there are however several points that are very
sensitive

— Communications is one of the major reasons. The users complain that they
cannot get the corrections all the time leading them to discouragement and lost in
efficiency on the field. If not addressed properly on timely manner, such users will
consider to setup back their own local GNSS Reference Station. But communication
problem can also be on the infrastructure side where regularly several GNSS
Reference Stations are not streaming their raw data.

— Improper coordinates is another reason to fail. Not only must the coordinates
of all the GNSS Reference Stations be accurately determined in the same reference
frame that the satellites precise orbits are but the transformation from that reference
frame to the local grid coordinate system must be accurately addressed as well. We do
know GNSS Network RTK where there is no user just because the coordinates that
they can derive don’t match with the geodetic control points.

— Who is operator? If the organisation in charge of delivering the associated
services of a GNSS Network RTK infrastructure doesn’t have 24/7 a call centre with
an expert reaction to address the user’s issues or to repair the system in case of down
operations, the project will fail. Often there is not enough man power allocated to the
project and if there is only one champion he will quickly burn out especially with
success and more and more users. The people who are installing and serving the
system must have a deep knowledge on the GNSS technology, communication, IT
infrastructure, on site intervention etc. Last no least, we have also seen unfortunately
organisation where the initiator left by leaving no one capable to take over. In that
case all the investment is fading away.



— Charging too much or just for free. Organisations that has no confidence in
the deliveries or organisations who most of the time don’t want to take responsibility,
will offer the service for free with the net result that if something is going wrong,
after all no one is paying for the service when it works. On the other side, charging
too much will prevent people to consider the costs if they exceed what they can
manage themselves by using a local GNSS Reference Station setup.

The reasons to succeed

The good news is that there are also reasons to succeed and we would like to
summarise what we have identified as key factors for successful projects.

The main reason to succeed is to have a deep understanding about the need to
have such infrastructure and associated services.

Often no people are questioning about the importance to have a proper geodetic
frame especially when GIS is part of the main activity of the organisation.
Coordinates are just vital to carry the information. But traditionally the geodetic
points were delivering for a small amount of money hidden by the public investment
to maintain the geodetic network.

When the users are adopting massively GNSS RTK technigue to provide
positioning, the need is there because potential users are already looking for lowering
costs, improving the quality and efficiency.

In general the reasons to succeed are found in a careful deployment of the GNSS
Network RTK and the associated services. The so called “hotspot” strategy is paying
off most of the time. Looking to serve first the community of users who are interested
by the services will lead the organisation to phase its services.

The second reason to succeed is to plan for the success with business plan,
financial plan, various business models and long term vision. Having an
infrastructure where every user is “connected” must leverage the interest to provide
much more services. After all, the communication is established and it would be a
shame to leave it without taking the opportunity to use the “carrier” to provide much
more than just the corrections.

The third reason is to correctly lead the project (previous proper planning will
prevent piss poor performances) and to have competent people and common goals.
Again there is nothing new as any project success is based on those remarks. But we
are often surprised to see that such common senses are not necessarily present
everywhere.

Finally the success of such project is reflecting how performing an organisation
Is managing successfully other projects.

There is no question about the need for such infrastructure today and in the
future as every place with an intense economical activity that needs positioning, a
GNSS Network RTK will be just what is needed. Every city, airport, harbour, region,
country will face that needs anyway. Our civilisation is digital and we are looking for
being ubiquitous in our social transaction.

The responsible for setting up and maintaining GNSS Network RTK
infrastructures will have to follow up also the technology and have a critical review.



Today the academics are bringing PPP (Precise Point Positioning) as a panacea to
suggest that such infrastructure may become obsolete.

Also with the advent of new satellite constellations it has been quoted that the
distance between the GNSS Reference Stations will become greater than the
recommended 80-100 km in medium latitude areas while actually no one can still get
access to those future signals. However 20 years ago, no one would have even
imagined running GPS in real time mode over long distance. Communications were
radio based and even Internet was not considered as a data streaming media.

At the end of the day, that is the user’s new applications and challenges that will
decide the operators to implement more sophistication, while on the other side
staying close to the research world is definitively the place to anticipate the future.

CONCLUSIONS

After having been technology driven from the last decade to convince large
organisations to consider the deployment of GNSS Network and with the soon
coming new GNSS constellations such COMPASS/BEIDOU and GALILEO,
questions are raised about how finally justify the costs of such positioning
infrastructure and eventually to make them profitable.

The crucial question is however how to make such project successful?

There is no doubt that in that paper the authors are just questioning the matter
and they will continue to elaborate on that topic based on their quite unique and
extensive experience in other publications.

Projects are the fact and based on people and organisation and we may not
wonder that rules exist to make them successful or failure. Common sense are often
neglected when people are blind by technology and forget finally that a solution is an
answer to a problem or a need that must be clearly expressed and declined in term of
expecting functionalities.

The good news is that any of such projects can be re-analysed and re-engineered
to turn eventually any issue or failure into success.

The authors will warmly welcome any remark, experience; question and request
related to that sensitive topic and would be pleased to contribute to any project
confronted with questions raised in their paper.
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[Tocnennue roasl MOOMIIBHOE J1a3epHOE CKAHUPOBAHUE CTAJIN UCIIOJIB30BaTh B Pa3HbIX
obmactsix. OCHOBHOE ero Ha3HAYEeHUE — OIPEeIICHIEe MapIIPYTOB IBHKCHHS KEJIE3HOJOPOKHOTO U
aBTOJOPOKHOTO TPAHCIIOPTA.

B Hos16pe 2011 6bu1 peanuzoBan coBmecTHbI npoekT pupm RIEGL LMS GmbH, Deutsche
Bahn Netz AG u technet-rail 2010 GmbH Ha Tpacce ®pankdypr-Ha-Maiine - ['epmanus. s
paboThI MCTIONTE30BaTIaCh MOOIIbHAS ckanupyromas cuctema RIEGL VMX-250 [RIEGL2012],
YCTAQHOBJICHHAsl Ha IPE3UHE, JUIs CheMKH BCET0 JKEJI€3HOA0POKHOTO MOJIOTHA, PENIbCOB, JTMHUN
nepesad ¥ COCeTHUE PEIbCOBBIE ITYTH.

ITonepeuno pacnonoxenHsli ngazep cucrembl RIEGL VMX-250 no3Bossier o0Hapy>KUBaTh
TOHKHE O0BEKTHI, JIAKe €CITH OHU PACTIONIOKEHBI IEPIICHANKYIISIPHO HAIIPABICHHUIO ITYTH.

AHaM3 TaHHBIX BBIIOIHSIICS ¢ ToMoIIbio crierransHoro I10 ¢upmer technet-rail 2010 GmbH.
ITporpamMsl o3BoOISIIOT TMpeoOpazoBaHue 3D reoJaHHBIX B CHCTEMY KOOPAMHAT PEIbCOBBIX MyTel
Deutsche Bahn AG ¢ moMoIiipio CyIecTBYIOLIMX JaHHBIX O MapiipyTe. 37eCh HET HEOOXOUMOCTH B
KOHTPOJIBbHBIX TOUKaX. 151 9THX 11eM1el eCTh MPOKUI HAOOp TaHHBIX: KOHTPOJIb HAa OTCYTCTBUE
CTOJIKHOBEHHUI, JIOMYCK U IpyTUe JaHHbIE, KOTOPBIE JENal0T CUCTEMY OoJiee MTPOU3BOAUTEILHOM.

KiawueBbie caoBa: mobile laser scanning, skcrutyartarust jkeixe3HON JIOpOTH, CTBOD,
UHKEHepHas reojie3us, EBporneiickas Hopma.
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Looking on the last years back the usage of mobile laser scanning has risen up in several
fields. The main scope of mobile laser scanning is the detection of traffic routes such as road- and
railway-networks.

In November 2011 a project was realised as cooperation of RIEGL LMS GmbH, Deutsche
Bahn Netz AG and technet-rail 2010 GmbH near Frankfurt/Main - Germany.

By using the RIEGL VMX-250 System [RIEGL2012] at railcar the complete rail
embankment, the rails itself and the power lines were captured. The detection covered even the
neighbourhood tracks.

The crossed placed laser of RIEGL VMX-250 System enables the detection of thin objects
even in perpendicular adjustment to track direction.

The analysis of data was realised with rail specific software of technet-rail. The programs
enable exact transformation of geodetic 3D data sets into rail-coordinate system of Deutsche Bahn
AG with the help of existing track data. Own measured control points are unnecessary. With wide
range of rail orientated functions such as collision test, clearance- and rail based-measurements the
system enables a productive instrument, designed for permanent use.

Key words: mobile laser scanning, railway maintenance, alignment, engineering surveying,
European norm.

Zusammenfassung

Mobiles Laser Scanning von land- und wassergebundenen Fahrzeugen erlebte in
den letzten Jahren einen rasanten Aufschwung in den verschiedensten
Anwendungsgebieten. Dazu zdhlen unter anderem Vermessung von Autobahnen,
StraB3en, Schienenwegen und Stidterdumen sowie Kiistengebieten und Héfen.

Im November 2011 fand in Kooperation zwischen RIEGL LMS GmbH,
Deutsche Bahn Netz AG und technet-rail 2010 GmbH ein Projekt beim
Hauptbahnhof Frankfurt statt. Ziel war es, den Schienenraum mit modernster mobiler
Laser Scanning Technologie von einem fahrenden Eisenbahnwaggon aus zu
vermessen. Es konnte gezeigt werden, dass mit dem eingesetzten RIEGL VMX-250
System [RIEGL2012], , nicht nur die Gleiskorper selbst sondern auch Oberleitungen
und Nachbargeleise prizise und zuverldssig vermessen werden konnen. Die
kreuzweise Anordnung der beiden voll integrierten Laser Scanner ermoglicht
auBBerdem die Erfassung von senkrecht zur Fahrtrichtung stehenden Schildern.

Bahnspezifische Software der Firma technet-rail ermdoglicht in der
Weiterverarbeitung der Scandaten eine exakte automatische Uberfiihrung des 3D-
Datensatzes aus geoddtischen Koordinaten ins Gleis-Koordinatensystem der
Deutschen Bahn mithilfe von Soll-Trassen-Daten, ohne eigens vermessene
Kontrollpunkte zu bendtigen. Im Zusammenspiel mit weiteren Funktionen, wie
achsbasierten Messungen zu ausgewihlten Objekten oder einem Kollisionstest mit
frei definierbarem und geschwindigkeitsabhingigem Lichtraumrahmen, eignet sich
das Gesamtsystem fiir den produktiven Dauereinsatz im Eisenbahnwesen.
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1. Das System

Der Vorteil der kompakten Bauweise und der leichten Transportierbarkeit des
Laser Scanning Systems RIEGL VMX®-250 System ermdglicht die Montage auf
einem Standard-Gleisarbeitsfahrzeug der Deutschen Bahn (DB) ,,GAF 100“
[WIKIPEDIA 2012] mit Ladekran (siehe Abbildung 1). Das Scanning System besteht
aus zwei RIEGL VQ-250 Laser Scannern, die gemeinsam 600.000 Messungen pro
Sekunde nach dem Impuls-Laufzeit durchfiihren, und einer IMU/GNSS-Einheit. Die
starre Kopplung der Komponenten erlaubt eine stabile Kalibrierung des
Gesamtsystems ab Werk. Das System wird auf eine Tragerplattform montiert, welche
auch das modulare Kamera-Subsystem VMX-250-CS6 unterstiitzt.

Mit einem einzelnen Kabel wird das System mit der Kontrolleinheit verbunden,
welche sich bei dieser Anwendung gemeinsam mit Stromgenerator, Netzteil, Backup-
Batterie und Traversengestell auf der Ladefliche des Waggons befand. Die
Stromversorgung des Systems gestaltete sich vollig autark und war somit unabhingig
vom Bordnetz des Gleisfahrzeuges. Der Kontrolleinheit-Koffer selbst beinhaltet u.a.
erforderliche Spannungskonverter, einen Computer mit der Software RIACQUIRE
fiir die Datenaufnahme, mehrere Wechselfestplatten, sowie einen Touchscreen fiir den
Operator. Da der Aufenthalt von Personen auf dem Waggon wihrend der Fahrt
untersagt ist, wurde das System bei diesem Einsatz via Ethernet (LAN)
Datenschnittstelle aus dem Fiihrerstand ferngesteuert. Fir die gesamte
Vermessungsfahrt waren also nur zwei Personen notwendig: der Lokfiihrer und ein
Operator. Eine GPS Basisstation kam direkt beim Ausgangspunkt zum Einsatz.

einemGleisarbeitsfahrzeug der Deutschen Bahn ,,GAF 100 mit Ladekran.

2. Datenaufnahme

Nachdem das System in einem 1,5-stiindigen Aufbau auf dem Waggon montiert
worden war, wurden die vier Kalibrierten 5-Megapixel Kameras den
Projektanforderungen entsprechend positioniert und optimal eingestellt. Die
Parametrierung erfolgte in der Weise, dass alle 10 Meter Bilder zeitsynchron von
allen vier Kameras ausgelost wurden.

Die Vermessungsstrecke wurde zulassungsbedingt mit einer
Hochstgeschwindigkeit von 25 km/h befahren. Da die Vermessungsfahrt zwischen
dem fahrplanméBigen Betrieb der DB stattfand, mussten immer wieder
Gleisfreigaben abgewartet werden, was zu Fahrtunterbrechungen fiihrte. Durch



Befahrung mehrerer paralleler Gleise wurden vom gesamten Streckenabschnitt mit
einer Ausdehnung von ca. 5km in einer Fahrstunde 10 GByte Scandaten und
26 GByte Bilddaten vom RIEGL VMX-250 aufgenommen. Die Dichte der
resultierenden Punktewolke belduft sich nahe den Geleisen auf etwa 3.600 Punkte pro
Quadratmeter.

Um die Qualitit und Vollstindigkeit der Aufnahmen zu evaluieren, wurden die
Daten, wie im anschlieBenden Kapitel beschrieben, noch vor Ort prozessiert und als
Punktewolke  farbcodiert mit den  entfernungsunabhidngigen  relativen
Reflexionswerten (engl.: Reflectance) visualisiert (siehe Abbildung 2).

3. Prozessierung der Punktewolke

Nach erfolgreichem Abschluss der Vermessungsfahrt wurde umgehend mit der
Prozessierung der erfassten Daten begonnen. Noch wéhrend der Abbauarbeiten des
Systems vom Eisenbahnwaggon wurden die Daten der vor Vermessungsbeginn fix
auf einem Dreibeinstativ platzierten mobilen GPS-Basisstation ausgelesen. Beim
Laptop handelte es sich um denselben, mit dem auch das System wihrend der
Vermessungsfahrt fernbedient wurde. Innerhalb weniger Minuten wurde auch das
RIACQUIRE-Projekt mit den aufgezeichneten Rohdaten von den Wechselfestplatten
der Kontrolleinheit auf diesen Laptop tibertragen.

Innerhalb von weiteren fiinf Minuten wurde das Post-Prozessieren der
Trajektorie unter Verwendung der Korrekturdaten (nach Konversion ins RINEX-
Format) und Anwenden der genauen geoditischen Koordinaten, iiber denen der
mobile Basisstations-Empfanger aufgestellt gewesen war, abgeschlossen. Obwohl
GPS- und GLONASS-Observationen aufgezeichnet worden sind, wurde nur vom
erstgenannten Set an Satelliten Gebrauch gemacht. Das RIACQUIRE-Projekt kann
fiir die weitere Prozessierung der Scan- und Bilddaten ohne jegliche Konvertierung
direkt von RiIPROCESS geoffnet werden. Im néchsten Schritt wurde die post-
prozessierte Trajektorie ins Projekt importiert und die Berechnung der gesamten
Punktewolke, die sich aus knapp einer Milliarde 3D-Messpunkte zusammensetzt, mit
dem ,,Scan Data Processing Wizard* gestartet. Dieser selbstindig ablaufende Vorgang
war in knapp einer halben Stunde abgeschlossen.

Ein erster Blick auf das Ergebnis zeigte schon vor Ort die Vorziige des
Messsystems und der eingesetzten Laserscanner-Technologie (siehe Abbildung 3).
Beispielsweise sind die glatt-geschliffenen Schienenkdpfe von beiden Laserscannern
erfasst worden und deren Punktewolken nahezu deckungsgleich.



Abb. 2: Farbcodierte 3D Punktwolke. Die Farbe repriasentiert den
entfernungsunabhéngigen relativen Reflexionsgrad der jeweiligen Zieloberflache.

Abb. 3: Exakte Kalibrierung der Laserscanner zueinander (Scanner 1 rot, Scanner 2
cyan) ersichtlich im Querschnitt durch die Punktewolke mit (von links) Bahnsteig,
Gleiskorper und Oberleitungsmast.

Letzteres zeigt die Qualitdit der permanenten Systemkalibrierung. Diese
gewdhrleistet auch nach Transport bzw. Montage/Demontage des Systems
einwandfreie Ergebnisse ohne Nachkalibrierungsarbieten. Oberleitungsdrihte,
Nachbarg-leiskorper und Details an Signalen sowie weiterer Eisenbahninfrastruktur
sind mit hohem Detailgrad wiedererkennbar (siehe Abbildung 4).



Abb. 4: Detailgetreue Wiedergabe der Bahn-Infrastruktur in der Punktewolke.

Lediglich geringfiigige Diskrepanzen in der GroéBenordnung von wenigen
Millimetern sind an manchen Stellen zu erkennen, wo sich Kurswinkel-Fehler
auswirken. Grund dafiir ist die kreuzweise Anordnung der Scanner, welche zwar
einerseits die Erfassung von senkrecht zur Fahrtrichtung stehenden Schildern
ermoglicht, andererseits aber auch impliziert, dass dasselbe entfernte Zielobjekt von
beiden Scannern zu unterschiedlichen Zeitpunkten wahrgenommen wird. Trajektorie-
bedingte Fehler, die sich iiber der Zeit verdndern, kommen dadurch zur Geltung.
Hauptursache dieser Fehlerquelle sind vorwiegend Limitierungen durch die GPS-
Genauigkeit sowie Ausbreitungseffekte der Satellitensignale. Fiir den Fall, dass Daten
von derselben Strecke durch mehrfache Befahrung aufgenommen werden, treten
dadurch auch hier im Allgemeinen Differenzen zwischen den einzelnen
Punktewolken zum Vorschein.

Um Punktewolken aus mehreren Fahrten dennoch zur Deckung zu bringen,
stechen dafir Werkzeuge in RiPROCESS zur Verfligung. Damit lassen sich
Trajektorie-bedingte Einfliisse durch Auffinden von korrespondierenden Fléchen-
Beobachtungen korrigieren. Wie hédufig bei Projekten im Stralenverkehrswesen und
Tunnelbau angewendet, konnten an dieser Stelle zusitzlich Kontrollpunkte zur
exakten lokalen Georeferenzierung verwendet werden.

Dank dem Zusammenspiel von, im Wesentlichen, guter Sicht zu GPS Satelliten,
den priazisen Laserentfernungsmessungen und der  Kalibrierung  der
Systemkomponenten musste an dieser Stelle aber nicht auf diese weiteren Werkzeuge
zuriickgegriffen werden. Wie sich bei dieser Anwendung zeigte, verursachen
Oberleitungsdrahte, wenn iberhaupt, nur vernachldssigbare
Mehrwegeausbreitungseffekte der GPS-Satellitensignale. Auch ist eine exakte lokale
Georeferenzierung iliber Kontrollpunkte nicht notwendig, wie durch die Soll-Ist-
Trassenkorrektur im nachsten Abschnitt hervorgehen wird.

Somit kann die Punktewolke zwecks Datenaustauschs ohne weitere
Bearbeitungsschritte direkt ins LAS-Format exportiert werden. Der Exportvorgang
war fir die komplette Datenmenge des gegenstdndlichen Projekts innerhalb von
10 Minuten abgeschlossen. Zur exemplarischen Weiterverarbeitung wurde lediglich



ein Teilstiick um die Station Griesheim mit der Lange von 0,6 km ausgewahlt. Dieses
Teilstiick enthélt etwa 26 Millionen Messpunkte, was einer Rohdatenmenge von
0,5 GByte Scandaten und 1,5 GByte Bilddaten entspricht.

4. Der Weg ins Koordinatensystem der Bahn

4.1 Extraktion der Ist-Gleisachse aus der Punktwolke

Mit der Software SiRailScan der Firma technet-rail kann die Ist-Gleisachse
anhand der Punktwolke ermittelt werden. Bezugselement sind hierbei die beiden
Schienen der zu bearbeitenden Strecke, wobei die Gleisachse als Mittelpunkt der
Spurweite (engl.: track gauge) zwischen den Schienen definiert ist (siehe
Abbildung 5) (LINDAHL 2001).
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Abb. 5: Definition der Gleisachse Uiber die Extraktion der
Schienenkopf-Oberseite

Die Achsbestimmung erfolgt in zwei Genauigkeitsstufen, welche sich aus den
verwendeten Linien, die die Schienen reprisentieren, ergeben:

1. Bestimmung der Gleisachse anhand der detektierten Schienenkopf-Oberseite
(niedere Genauigkeit).

2. Bestimmung der Gleisachse anhand der modellierten inneren
Schienenoberkanten (hochste Genauigkeit).

Bei der Anwendung der Methode mit hochster Genauigkeit (Methode 2) muss
die Achse bereits ndherungsweise vorliegen, beispielsweise aus den detektierten
Schienenoberseiten  (Methode 1). Nach Auswahl eines Startpunktes, auch
differentieller Anschlusspunkt genannt, erfolgt in einem voll-automatischen Ablauf
die Detektion jener Punkte, die die Schienenoberseite repriasentieren (siche
Abbildung 6).

In die selektierten Punkte des Schienenkopfes wird zunidchst eine Polylinie
geschitzt, die dann im zweiten Schritt dazu verwendet wird, das bekannte Profil der
Schiene moglichst genau in die Punkte einzupassen. Davon abgeleitet ldsst sich nun
die innere Schienenoberkante mit hoher Genauigkeit bestimmen. Sobald beide
Schienen modelliert sind, kann die Achse des Schienenstrangs berechnet werden,
womit die Reprasentation durch die Ist-Gleisachse gegeben ist. Dieser
Modellierungsvorgang geniigt den Regeln der Mathematik der fahrdynamischen
Trassierung.


http://de.wikipedia.org/wiki/Trassierung
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Abb. 6: Automatische Detektion der Schienenkopf Oberseite in SiRailScan.

4.2 . Transformation in Bahnkoordinaten

Mit dem Vergleich von Soll- zur Ist-Gleisachse lassen sich fiir jeden Punkt
entlang der Gleisachse Korrekturwerte ermitteln. Dies ist die eigentliche
Transformation ins Bahn-Koordinatensystem. Nach  einem  solchen
Ausgleichsvorgang sind Streckennummer, Kilometrierung und Abstand zum Soll
bekannt, wobei die Korrekturwerte, ermittelt durch SiRailScan, zunidchst im
Bahnreferenzsystem vorliegen. Das Ergebnis der Analyse und Berechnung ist in
Tabelle 1 fiir 0,5m-Abstidnde exemplarisch angefiihrt. Dabei wird die Station in
Kilometern plus einem weiteren Versatz in Metern angegeben. Der \ersatz in
Richtung nichster (steigender) Station wird positiv gezdhlt und stellt die
Bezugsrichtung dar. Ebenso ist das Vorzeichen fiir einen (Korrektur-)Abstand in
Richtung rechter Schiene positiv definiert (siehe Abbildung 7).

=
S, Station(+)
Bahnreferenzsystem

N\ _Station

Abstand (-) €——— . ——3 Abstand (+)
AN Station (-) ~
Vektorisierung

Schienenkopf
< links echts >

Abb. 7: Gleisachse und Definitionder Stationen und Abstande.

Tabelle 1: Ist/Soll-Korrekturdaten (Abstand) aus Sicht des Bahnreferenzsystems

Lfd. X Y Z StreckenN Station Abstand
Nr. | [m](ETRS89) | [m](ETRS8 | [m](ETRS89) r. [m]
9)

1 | 4053718,776 | 613708,978 | 4869641,868 3631 7,4+67,792 -0,068

2 | 4053718,725 | 613709,308 | 4869641,870 3631 7,4+68,292 -0,078




Das Anbringen der Werte aus der Korrekturtabelle steigert zwar die Genauigkeit
und Reproduzierbarkeit der Geopositionierung, wird aber fiir diese Anwendung als
sekunddr wichtig angesehen. Der Hauptvorteil dieser Herangehensweise liegt in der
Tatsache, dass alle Daten nach diesem Schritt exakt im Bahn-Koordinatensystem
referenziert sind und darin auch weiter ausgewertet werden konnen.

4.3.Anwenden der Korrekturen auf die Punktewolke

Uber die bekannte riumliche Beziehung des Messsystems zur Gleisachse und
den exakten UTC-Zeitstempeln ldsst sich eine eindeutige Zuordnung der
Korrekturwerte im Bahnreferenzsystem zur Trajektorie herstellen und somit in eine
Korrekturtabelle fiir das RIPROCESS-Projekt umrechnen. Diese Tabelle enthdlt den
Zeitstempel und alle 6 Freiheitsgrade wie Latitude, Longitude, Altitude, Roll-, Nick-,
und Kurswinkel. Bei der Erstellung werden die entlang der Strecke aquidistant
vorliegenden Korrekturwerte in den Zeitbereich {bergefiihrt. Es ist vollig
ausreichend, wenn diese fiir die Anbringung an der Trajektorie in etwas groferen,
sinnvoll gewihlten Intervallen, wie etwa im Sekundenabstand (siche Tabelle 2),
vorliegen.

Die horizontal-transversalen Korrekturwerte (Abstdnde) entlang der Trajektorie
miissen in einem Zwischenschritt noch umgerechnet werden, um sie in dieser Tabelle
getrennt in Latitude und Longitude anbringen zu kénnen. Es ist anzumerken, dass durch
den nahezu in Ost-West-Richtung verlaufenden Bahnabschnitt die Latitude-Komponente
hier sehr gering ausfillt. Die Hohenwerte erfahren in diesem ersten Schritt keine
Korrektur, da der differentielle Anschlusspunkt bereits im orthometrischen System
bekannt ist. Ebenso bleibt die Orientierung des Systems zu jedem Zeitpunkt unkorrigiert.

Tabelle 2: Schema einer Korrekturtabelle fir RIPROCESS

Zeitstempel | ALatitude | ALongitude | AAltitude | ARoll | ANick | AKurs
[s1(UTC) | [m] [m] [m] [deg] | [deg] | [deg]
205576,0 0,001 0,077 0,000 | 0,000 | 0,000 | 0,000
205577,0 0,001 0,084 0,000 | 0,000 | 0,000 | 0,000

Ein erneutes Prozessieren des RiPROCESS-Projekts aktualisiert die
Punktewolke und bringt sie somit ins Bahnreferenzsystem (siehe Abbildung 8).

RIPROCESS (RIEGL) iﬁ?rl:c::tgi;:nNEn RIPROCESS (RIEGL)

Prozessierung Punkte- A B Einbindung Korrekturtabelle
wolke mit Trajektorie . Sleizkoandipaten und n ' und Aktualisierung Punktewolke
. B Erstellung Korrekturtabelle .
in ETRS89 Koordinaten im Bahnreferenzsystem

zum Bahnreferenzsystem

Abb. 8: Ablauf bei der Prozessierung der Daten.



Abb. 9: Eingefiarbte Punktewolke

Nach diesen Ausgleichsvorgidngen und einer erneuten Prozessierung der
Punktewolke mithilfe der korrigierten Trajektorie wurden die Bilddaten der vier 5-
Megapixel-Kameras aufeinander abgeglichen. RIPROCESS bietet dazu die notigen
Werkzeuge. Die Bildinformation der kalibrierten und georeferenzierten Fotos kann
u.a. dafiir verwendet werden, um die Punktewolke anschlieBend einzufiarben und
somit anschaulicher darzustellen (siehe Abbildung 9).

5. Extraktion und Datenmanagement von Information fiir die Bahn

Mit dem SiRailViewer (Abbildung 10) konnen die Nutzer georeferenzierte
Scans in ihrem geografischen Umfeld abbilden. Die Software harmonisiert zudem
Daten verschiedenster Herkunft und Genauigkeit und gewéhrleistet einen eindeutigen
Zugriff. Dies erlaubt einen bequemen Umgang mit sehr grolen Datenmengen. Ferner
stehen intelligente Auswertefunktionen, im Speziellen fiir die Lichtraumanalyse,
Messfunktionen fiir Lichtraumrahmen sowie Kollisionstests nach Euronorm zur
Verfiigung (Abbildung 11). Dabei sind die Waggon-Profile frei definierbar und
werden automatisch der Fahrgeschwindigkeit angepasst. Auch ist die Einspeisung
von umfangreichem Kartenmaterial moglich und es lassen sich Parameter fiir frei
konfigurierbare Trassenabschnitte ermitteln.

Abb. 10: Eisenbahn GIS inkl. Laserscandaten.



Mit dem Modul SiRailManager kann ein komplettes Gleisnetz angezeigt und
digital verwaltet werden. Die Nutzeroberfliche des Programms greift dabei auf eine
serverbasierte Kunden-Datenbank zu. Neben einer fest installierten Version ist
SiRailManager auch als Webapplikation erhéltlich. So konnen gespeicherte
Informationen zu beliebigen Streckenabschnitten bequem per Smartphone, Tablet-PC
oder Laptop an jedem beliebigen Ort abgerufen und ausgewertet werden, wie
beispielsweise das Ergebnis eines Kollisionstests in Abbildung 12 zeigt.

6. Zusammenfassung

Durch das mobile 3D-Laserscanning sind schnelle, priazise und nahezu
lickenlose ~ Aufnahmen der Umgebung moglich geworden. Flexible
Einsatzmoglichkeit des verwendeten Systems sowie rasche Datenauswertung sind
charakteristisch fiir den vorliegenden Anwendungsnachweis im Eisenbahnbereich.
Mit dem Beispielprojekt wurde gezeigt, dass fiir die Schienenraumaufnahme ein
hoher Automationsgrad in der Vermessung und Auswertung moglich ist, und dies mit
bereits am Markt verfiigbarer Hard- und Software. Die Endprodukte, wie
Lichtraumauswertung, Echtzeit-Kollisionstests, Abstandsmes-sung zu
Nachbargeleisen sowie Analyse des relativen Verlaufs der Oberleitung in Bezug zur
Gleisachse, konnen groBflaichig und effizient eingesetzt werden. Abgestimmte
Software zum Datenmanagement verwaltet die Endprodukte und garantiert die
Verfiigbarkeit der Informationen iiber Kommunikationsmittel der heutigen Zeit.
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CBbEMKA TPAMBAVIHbIX NMYTEW B XEJIbCUHKU C MOMOLLIbIO MOBUITbHON
nMaAPHOU CUCTEMbI

Xanny Kopnena
dupwma Terrasolid Ltd, Kanavaranta 7 B 28, 00160 Xenbcuaku, OUHISHAUS, TUPEKTOP 110 MAPKETUHTY
u npogakam, teir: +358 400 648 391, dakc: +358 14 645 002, e-mail: hannu.korpela@terrasolid.fi

TouyHoe ompezneneHue MONOKEHUS PENbCOB SBISAETCS CErOJHS CaMOW aKTyalbHOM 3amayei,
KOTOPYIO TPAaKTUYECKH HEBO3MOXHO PELIMTh TPAAMIMOHHON chemkoil. C 3TOH menbio ¢pupma
Terrasolid ¢ 2011r. Crama wuCmonb30BaTh MOOWIBHYIO JIMAAPHYIO CHCTEMY JUIS ChEMKH
TpaMBalHBIX ITyTed B XeIbCHHKU. [J1aBHAs Lieb MPOEKTA 3aKIHYaIach B PaCHpENCIICHUH JIETKO
pacrno3HaBacMbIX LBETHBIX JIMJAPHBIX TOYEK, C KOTOPBIX ONPENENSIETCS TOYHOE IIOJIOKECHHE
PENIbCOB U BCEX MPHJIETAOIIMNX K HUM KOHCTPYKIIH.

Ha cragum npoekra pa3zpa0GaTblBaIMCh NMPOrpaMMHBIE MOAYJIM M CPEeJd HUX MOIYJb JUIs
aBTOMATHUYECKOT'0 COTJIaCOBAaHHUS NEPEE3/I0B JIUIsl KOHTPOJIS TOPOKHBIX 3HAKOB M BbIACICHUS IMyTei
U3 J1a3epHbIX Touek B Buje 3D BekTopoB.

K.]IlO‘IEBbIe cJIOoBa. MO6I/IJ‘IBHa}I JuaapHas CHUCTEMA, TpaMBaﬁHBIe PCJIbChI, Cb€EMKA, CKaHHED,
TerraScan, TerraMatch.

HELSINKI TRAM LINE SURVEY BY MOBILE LIDAR SYSTEM

Hannu Korpela
Terrasolid Ltd, Kanavaranta 7 B 28, 00160 Helsinki, Finland, Marketing and Sales Manager, tel :
+358 400 648 391, fax : +358 14 645 002, email: hannu.korpela@terrasolid.fi

To survey the accurate xyz-location of rails is a very demanding task and practically
impossible in traditional field surveying. Therefore Terrasolid applied in 2011 a mobile LiDAR
system to survey the tram license in Helsinki city. The targets of the survey project were to produce
well geo-referenced, colored LIiDAR points and from those points detect the accurate location of
rails and all structures close to the tram lines.

During the project the software modules were developed among others to match automatic the
drive passes to control signs and to extract rails as 3D vectors from laser points.

Key words: mobile LiDAR system, tram lines, survey, scanner, TerraScan, TerraMatch.

The Traffic Administration of Helsinki city — the capital of Finland — takes care
about the public transportation in Helsinki city. Among bus and metro networks in
downtown there is a relative dense tram line network, of which length is total 97
kilometers. About 200.000 people use trams daily Today trams with modern wagons
are living a renaissance due to their good transportation capacity and the pollution
problems of busses.

The Helsinki tram network system was built at the beginning of 1900. Due to
narrow streets at that time curves are very tight in many places. This causes turning
problems to modern wagons. Today the bottom of wagons should be on a much lower
level than earlier, but on the other hand a low bottom can hit ground, if the vertical
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curves are too tight. Street curbs, platforms and other structures may cause problems
as well.

Mobile LIDAR mapping offers an advantageous and fast method to survey the
location of the lines and close environment without causing essential harm to the
other traffic. The targets of the survey project were as follows:

— To survey an exact location of the rails and the electric wires, their holder
and conductors above the lines

— To survey in 3D objects close to the tram lines such as street curbs, stops and
other objects

— To search places, where the space between rails and street pavement is too
narrow. This information is needed to estimate the magnitude and places, where man
must cut street payment to replace current wheels with wider and less noise wheels.

— To detect the 3D geometry of rails and deduce then their horizontal and
vertical components. These components can then be used in redesigning the
alignments for renovation.

Terrasolid Ltd from Finland was selected as contractor of the total project. To
subcontractor Terrasolid selected 3D Laser Mapping (U.K.), which used their Street
Mapper mobile LIDAR system. The system consisted of 2 kHZRiegl scanners and
one forward looking oblique camera. The system was installed on the top of a tram
wagon to get a higher position compared to a car roof as used normally as a platform.
The survey took place from 29" to 31% May.

Due to high buildings and trees satellite visibility and the GPS access is often
very poor in urban areas and forest. This results as a poor absolute positioning of the
total system. In mobile LIDAR mapping the major errors are the xyz positioning of
drive passes.

To correct the xy-errors of drive passes one must have control points on the
ground features, which can be identified also from LiDAR points. Therefore small,
white signs were painted to the asphalt just before scanning. Then later on they were
surveyed by high-precision total-stations. The distance between the locations of signs
was in open areas 250 meters. If the visibility was limited, then a 50 meters distance
was applied.

For elevation correction airborne LIiDAR data was applied. This data was
collected in previous year by a helicopter LIDAR system. The point density was
around 20... 25 points/m® and the accuracy of height around 3,5 cm. The mobile data
was fixed to match airborne data.

All drive passes we categorized according to their accuracy of quality. In the
final product the worst points were removed including as follows:

— Points due to stops

— Points, of which the survey length was longer than 100 m. In mobile
mapping we are mainly interested about points of the street lanes, where the distance
from scanners are only some meters. Thinking about their accuracy, the position of
the system is critical. The longer is the distance from the scanner to the target, the
more error is caused by the misalignment angles.



— All overlapping points were rejected after their drive pass quality. Only
points from the best quality drive passes at each location was kept.

— In the delivery product the mobile and airborne data was merged together.
Points from streets and building facades were mobile. Building roofs and other
targets further away from the scanner than 100 m were airborne LiDAR.

The LIiDAR data was fixed and classified by TerraScan and TerraMatch from
Terrasolid. The oblique images were processed by TerraPhoto. Among others during
the project until today a new function was developed to detect the control points
automatic from LIDAR, compare their location to the surveyed points and then solve
thexy errors automatic.

The project is still under way. The final deliveries are going to be available in
late spring 2012.

About Terrasolid

Terrasolid Ltd. is a Finnish private software company. Today Terrasolid is the
worldwide market leader, which develops and sells software for LiDARdata and
image processing. Terrasolid packages - TerraScan, TerraModeler, TerraMatch and
TerraPhoto - suit for airborne as well as mobile LiDAR data processing. Experiences
about the Helsinki tram line mapping projects in 2011 and the latest news about city
modelling texturing will be shown at Terrasolid stand in “Interexpo GEO-Siberia-
20127,

CONTACT

Hannu Korpela

Marketing and Sales Manager
Terrasolid Ltd

Kanavaranta 7 B 28

00160 Helsinki

Finland

Tel: +358 400 648 391

Fax: +358 14 645 002

Email: hannu.korpela@terrasolid.fi
www.terrasolid.fi

© H. Korpela, 2012


mailto:korpela@terrasolid.fi
http://www.terrasolid.fi/

VK 528:629.783

NMPO®UIb, MIAT®OPMbI U ANNTOPUTMbI AJ1A OUT- AND INDOOR HABUTALIUUN U
ONPEAENEHUA NONOXEHUA OB BEKTOB C NOMOLLIBbIO MOBUIbHbLIX
YCTPOUCTB HA BA3E GNNS/MEMS TEXHOJTOI'NH

Pauinep Hzep

YuuBepcuter mnpukiaaaabix Hayk Kapmcpys (HSKA), dakynsrer reomatuku MHCTHTYTa
npukinaaabix uccnenosanuit (IAF), Moltkestrasse 30, D-76133 Karlsruhe, I'epmanusi, mpodeccop
10 CIYTHHUKOBOM M MaTEMaTHYECKON TI'e0JIe3nH, YpaBHUBaHUIO U pazpadotke 10, tex: ++ 49 (0)
721 925 2620, e-mail: reiner.jaeger@web.de

B crartne paccMaTpuBarOTCAd OCHOBHBIC BOIIPOCHI, KaCaromHnXCs HOBBIX MCTOAOB IJId
FOCY,Z[apCTBeHHOﬁ OLICHKU aBTOHOMHBIX MYJIBbTUCCHCOPHLIX HABUT'AIMOHHBIX CHUCTEM Ha OCHOBC
reoJIC3NUCCKUX IMPUHLOUIIOB HaBUI'allikd, Ha4YWHasA C OTHOCUTCIIbHBIX pe(bepeHuHLIx CHCTEM H
KJIIACCHUYCCKOI'O I10JX04a K HaBHUTI'all1H.

KioueBble ciaoBa: xkoMmiiekcHas Out- and indoor maBwramms, ajaropuTMbl, gNsS u mMems
MYJIBTHCEHCOPHBIE ~HABHTAIIMOHHBIE IUIATGOPMBI, IUIEYM pblUara, COYETaHHE Pa3IHMYHBIX
CEHCOPHBIX JIATYMKOB, KATHOPOBKA CEHCOpa B Ipoliecce paboThl, KOHCTPYKIIMS CEHCOp-TuIaThopMa
U ONTHMH3ALUS, KOHCTPYKIHMS KOPITyca IaT(GOpPMBI.

PROFIL, PLATTFORMEN UND ALGORITHMEN FUR DIE PRAZISE GNSS/MEMS
BASIERTE OUT- UND INDOOR-NAVIGATION UND OBJEKT-GEOREFERENZIERUNG
MIT MOBILEN ENDGERATEN

Reiner Jiger

Karlsruhe University of Applied Sciences, Faculty of Geomatics, Moltkestrasse 30, D-76133
Karlsruhe, Professor for Satellite and Mathematical Geodesy, Adjustment, Software development
and Surveying. tel: ++ 49 (0) 721 925 2620, e-mail: reiner.jaeger@web.de

The target of that paper is — based on geodetic foundations of navigation, starting with the
relevant reference systems and the classical point of view on navigation — to present the essential
topics for new methods for the state estimation of autonomous multi-sensor navigation-systems.

Key words: seamless out- and indoor navigation, navigation algorithms, gnss and mems
multi-sensor navigation platforms, lever arms, multi-sensor fusion, sensor calibration on the fly,
sensor-platform design and optimization, platform-body design.

Abstract

By the further development and new installation of independent GNSS (GPS,
GLONASS, GALILEO, COMPASS) with 63 satellites at present, and 127 satellites
in 2020, respectively, as well as further IGSO and GEO orbit based regional satellite
systems (QZSS, IRNSS, SBAS), precise GNSS-positioning is the motor, and a
reliable component, for innovative developments on navigation in an increasingly
mobile society. But only the precise orientation determination by further MEMS
(Micro-Electro-Mechanical-Systems) sensor types opens the full potential, and at the
same time the mass market, for innovative technologies and applications in satellite
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navigation (SatNav) and mobile IT (MIT) including also navigation systems for
indoor areas.

The essential targets and the profile of the new generation of ’smart-sensor-
platforms’ are the seamless out-/indoor navigation, as well as the geo-referencing of
objects using miniaturized MEMS- based low cost sensors, as they are integrated e.g.
in smart-phones. As concerns precise indoor-navigation, autonomous platforms and
respective MEMS sensor-types (e.g. accelerometers, gyroscopes, magnetometers etc.)
and algorithms on one side, and infrastructure-based non-autonomous navigation-
platforms and algorithms (e.g. based on WLAN) on the other side, are
complementary parts of present RaD.

With the geodetic core competencies of sensor data modelling, adjustment,
reference systems, GNSS, navigation and geoinformatics, geomatics plays as key
role in the interdisciplinary RaD topic of precise navigation systems, which is
settled in the development of algorithms and the design of multifunctional scalable
GNSS/MEMS multisensor-platforms. Here it is referred to the joint RaD project
,,GNSS-supported low-cost multi-sensor systems for mobile platform-navigation
and object-georeferencing™ (www.navka.de) of the Baden-Wiirttemberg cluster
SatNav & Mobile IT (www.galileo-bw.de). Market potentials are vehicle and
robotics navigation and geo-referencing taks, traffic system management,
integrated telematic systems (ITS), location based services, safety of life and
security services, logistics, object-referencing/-identification, construction and city
development, virtual reality und individual mobility out-and indoor. Above these,
there are further applications for small multi-sensor platforms beyond ,,IT for
Mobility and SatNav*.

The target of that paper is — based on geodetic foundations of navigation,
starting with the relevant reference systems and the classical point of view on
navigation — to present the essential topics for new methods for the state estimation of
autonomous multi-sensor navigation-systems. These are the consideration of a
general lever-arm design, robust estimation by redundant sensor platforms, sensor
calibration on the fly, etc. Here the contribution gives an entry-point to access the
mathematical methods for the parametrization and estimation of the navigation state
parameters.

EINLEITUNG

Mit dem Ausbau und der Neueinrichtung politisch unabhéngiger GNSS (GPS,
GLONASS, GALILEO, COMPASS) ist bei derzeit 63 bzw. 127 Satelliten in 2020 -
sowie drei weiteren, mit IGSO- und GEO-Orbits grof-regional beschrinkten
Satellitensystemen (QZSS, IRNSS, SBAS) - die prizise Satelliten-Positionierung
treibender  Motor und  sichere = Bestandskomponente  fiir  innovative
Navigationsentwicklungen in einer zunehmend mobilen Gesellschaft.

Aber erst die prizise Orientierungsbestimmung mit weiteren Sensortypen
erschlieft das Gesamtpotential und zugleich auch den Massenmarkt innovativer
Technologien und Anwendungen von Satellitennavigation (SatNav) & Mobile IT,
insbesondere auch Navigationssystementwicklungen fiir den Indoorbereich.
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Die wesentlichen Ziele und das Profil der neuen Generation ’Smart-Sensor-
Platforms” sind die nahtlose  Out-/Indoor  Navigation  sowie die
Objektgeoreferenzierung mit miniaturisierten MEMS (Micro-Electro-Mechanical-
Systems) basierten LowCost-Sensoren (Abb. 1, rechts oben), wie sie z.B. in
Smartphones (Abb. 1, links unten) enthalten sind. In der prazisen Indoornavigation
stehen sich die auf entsprechende Sensortypen (z.B. Beschleunigungs- und
Kreiselsensoren) und Algorithmen basierte autarke und die auf Infrastruktursensoren
(z.B. WLAN) beruhende nicht-autarke Navigationsplattformen gegeniiber.

Mit den  geoddtischen  Kernkompetenzen  Sensordatenmodellierung,
Bezugssysteme, GNSS, Navigation und Geoinformatik kommt der Geomatik in der
interdisziplindren Thematik der prizisen Navigation eine Schliisselposition zu. Diese
besteht in der Entwicklung von Algorithmen und im Design multifunktionaler und
skalierbarer GNSS/MEMS Multisensorplattformen. Hierzu wird auch auf das
Verbundforschungsprojekt ,,GNSS-gestiitzte LowCost-Multisensorsysteme  zur
mobilen Plattformnavigation und Objektgeoreferenzierung™ (www.navka.de) des
Baden-Wiirttembergischen Clusters SatNav & Mobile 1T (www.galileo-bw.de)
verwiesen. Basierend auf neuen mathematischen Modellen und Algorithmen
entwickelt das FUE-Konsortium aus Industrie, dem IAF der Hochschule Karlsruhe
(HSKA) als zentrale Forschungsstelle und dem Forschungspartner HTWG Konstanz
die nidchste Generation préziser ,,Hightech-LowCost“-Navigationsplattformen. In
algorithmisch tiefer Kopplung von GNSS sowie den Rohdaten verschiedener autarker
MEMS Sensoren entstehen, auch mit Blick auf den Massenmarkt sowie den
LowCost-Bereich, unterschiedliche Navigationsplattformtypen.

Typische Marktpotentiale der o.g. Multisensorplattformen sind Fahrzeug-/
Robotiknavigation, Verkehrssystemmanagement in \erbindung mit Integrierten
Telematik-Systemen (ITS), ortsbezogene Dienste, Rettungs- und Sicherheitsdienste,
Logistik, Objektreferenzierung/-ldentifikation, Bau-/Stadtentwicklung, Virtual
Reality und Individualmobilitit. Sie reichen aber auch iiber ,IT for Mobility /
SatNav* hinaus.

Ziel dieses Beitrages ist es, aufbauend auf den geoditischen Grundlagen der
Navigation, an vorderer Front die maligeblichen Bezugssysteme und die
Zustandsschiatzung fiir Multisensornavigationssysteme von der mathematischen
Modellbildung her bzgl. klassischer und neuer Methoden der Schitzung der
Navigationszustandsparameter zu erschlie3en.
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Abb. 1 oben: Sensorkomponenten einer Multisensorplattform (v. I. n. r.: GNSS,
Gyroskop (schematisch) und MEMS-Inertialsensor.

Abb. 1 unten: Smartphones als multimodale Navigationsplattform, App-
Softwareentwicklung sowie Navigationsanwendungen, wie z.B. in der
Fahrzeugnavigation

ZUSTANDSVEKTOR UND BEZUGSSYSTEME DER NAVIGATION

,Navigation ist mehr als nur Positionierung®, darauf wurde einleitend bereits
hingewiesen, und im Spektrum der sich rasant entwickelnden prédzisen Navigation
und deren Anwendungsfelder spielt insbesondere die Orientierungsgebung fiir die
Aufgaben der Navigation und Georeferenzierung eine zentrale Rolle. Der zeitvariable
Navigationsstatusvektor y(t) (1) umfafit, iiber die Position in Form der
geographischen Breite (B), Linge (L) und ellipsoidischen Hohe (h) im erdfesten
System (e) hinaus, den 3D-Geschwindigkeitsvektor v und die 3D-Orientierung (Roll
(r), Pitch (p) bzw. auch ,Nick* und Yaw (y) bzw. auch ,,Gier** oder ,,Heading*) und
lautet:

y(t)=[(B,L.0)° [ (v, vE.vD)" (P )] (3 2y,82)° | (On,x-Oni,y-On,2)°1T (1)

Dabei werden die 3D-Geschwindigkeit v und die 3D-Orientierung Rr(,p,y)," des
Body (b) tblicherweise im lokalen geodatischen Vertikalsystem (LGV), auch
,Navigations-Frame* oder ,,n-frame* (Abb. 4) parametrisiert. Hier zeigen die Achsen
nach Nord (N), Ost (E) und unten (D). Hinzu kommen als Zusatzparameter der
Beschleunigungsvektor a und der Drehratenvektor o. Diese treten in der klassischen
Modellierung als Sensorinput der Systemparametrisierung der aus je einer Triade von
Beschleunigungs- und Kreiselsensoren bestehenden Inertialnavigationssysteme auf.
Im nachfolgend vorgestellten ,,NAVKA“-Konzept (www.navka.de) werden a und o —
neben weiteren Hilfsparametern (z.B. Sensoroffsets) - dagegen als freie sensorisch
beobachtbare Zusatzparameter der Zustandsbeschreibung (1) verwendet.
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Inertialsystem (i) und erdfestes geozentrisches Bezugssystem (e)

Der inertiale ,,himmelsfeste Bezugsrahmen, der sog. International Celestial
Reference Frame (ICRF), wird durch die Koordinaten (0,8)' von iiber 600
extragalaktischen am Rand des Universums situierten Quasaren aufgespannt (Abb. 2,
links). Die Radiosignale dieser Quasare werden iiber ein global verteiltes Netz von
VLBI (Very Long Baseline Interferometrie) Stationen (Abb. 2, links) zeitsynchron im
S/X-Band empfangen. Die Laufzeitdifferenzbeobachtungen (Abb. 2, links) sind in den
erdfesten Stationskoordinaten (x,y,z)° parametrisierbar (Hofmann-Wellenhof et. al
2008; Xu 2007). Gemeinsam mit den aus den global verteilten GNSS-Stationen des
IGS-Dienstes (Bauer 2012) ermittelten GNSS-Baselines legen diese den inertial (i)
gelagerten erdfesten (e) Bezugsrahmen ITRF (International Terrestrial Reference
Frame) fest.

Die Systembeschreibung fiir kartesische Positions- oder auch Richtungsangaben

x'(t) bzw. x®(t) stellt sich - bei gemeinsamer geozentrischer Lagerung von
erdfestem (e) Bezugsrahmen (ECEF — Earth-Centered Earth-fixed Frame) und
inertialem (i) Bezugsrahmen (ECIF —Earth Centered Inertial Frame) - dar als:

x®(t) =RE(D)-x' (), mit RY (1) =(R¢ (1)) =Rp -Rg Ry -Rpr . (2ab)

Zur zeitabhingigen Parametrisierung der Pol- (Rp), der Erdrotations- (Rg), der
Nutations- (R ) und der Prazessionsmatrix (Rp,)wird auf Xu (2007) verwiesen.

Very Long Baseline Interferometrie (VLBI)

Intertialsystem (CIS)
Quasar .

n /‘/ b((X’.V,Z)p (V;Xy?)z) ' A
1 million years) Gﬂ ‘ C ‘bm;l sp g :

Magnetic Tape.

Erdfestes System (IRF) (!

Abb. 2 links: inertialer (1) bezugsrahmen (ecif) aufgespannt durch ,himmelsfeste*
quasare mit sternkoordinaten (a,3)' und inertiale referenzierung des erdfesten ()
bezugsrahmen (ecef, itrf) tiber vlbi. Rechts: inertiale (1) keplerbahnen der satelliten
gegeniiber dem rotierenden erdfesten (e) system

Die obigen Gleichungen (2a,b) gelten auch fiir die Uberfiihrung der aus den
Keplerelementen zu gewinnenden inertialen (i) Satellitenpositionen (Abb. 2, rechts)
in den erdfesten (e) ECEF- bzw. ITRF-Bezug (Abb. 3).



Die mit Rg () =Rg(t)- QZ (t) in der ersten Ableitung von (2b) auftretende
3D-Drehratenmatrix Qfe ist im wesentlichen von einer kurzzeitig konstanten
Erddrehrate oafe , = ogum die z-Achse gepragt (Abb. 2, rechts). Diese tritt auch als
Parameter in der Zustandsbeschreibung
(8a,b,c) bzw. (10d) von
Inertialnavigationssystemen auf. Die
Gleichungen (2a,b) stehen auch am
Anfang der Uberfiihrung der inertialen
(i) Navigationsgleichungen (7a,b) fiir
Beschleunigungssensoren in den
erdfesten (e) bzw. den sog. Navigations-
Frame (n-frame) (siehe Abb. 3, 4).

Die Positionsangaben der
geographischen Koordinaten (B,L,h)
bzw. der geozentrischen  (X,y,2)
Koordinaten im Navigationsstatusvektor

y(t) (1) werden im erdfesten (¢)  Apb. 3: Erdfestes (e) Bezugssystem mit
Navigationsrahmen (Abb. 3) angegeben.  4en geozentrischen Koordinaten (x,y,z)°

Zwischen den geographischen  nq geographischen Koordinaten (B,L,h)°
Koordinaten ~ (B,L,h)  und  den eines Punktes P

kartesischen Koordinaten (x,y,z) im
erdfesten System (e-Frame) gelten dabei die nachfolgenden eindeutigen Beziehungen
(Xu 2007).

x1° [ (N(B)+h)-cosB-cosL
y| =| (N(B)+h)-cosB-sinL | . 3)

z (N(B) - (L—e?) +h)-sinB

e

Navigationsbezugsrahmen (n-frame) und Orientierung des Bodys (b)

Die Geschwindigkeitsangabe sowie der Orientierungsstatus eines zu
navigierenden Bodys (b) erfolgen in y(t) (1) im Body-zentrisch begleitenden Dreibein
des sog. Geoditischen Vertikalen Systems (LGV). Das LGV wird auch allgemein als
Navigationsrahmen (n), kurz ,n-Frame® bezeichnet (Abb. 4). Der in Abb. 4
dargestelle n-Frame mit aufwirts gerichteter z"-Achse wird auch als ,,Upward“-
System bezeichnet. In aller Regel wird in der Navigation aber das rechtsdrehende
,Downward“-System als n-Frame verwendet. In Abb. 4 sind fiir das Upward-System
auch die fiir das Navigationsthema der Objektgeoreferenzierung wichtigen LGV-
Polarkoordinaten (s, o, z) dargestellt, aus denen sich direkt die kartesischen n-Frame
Koordinaten (x,y,z)" ermitteln lassen. Die auf das astronomische vertikale System
(LAV) bezogenen Polar- bzw. kartesischen Koordinaten konnen mit den aus einem
Geopotentialmodell zu ermittelnden Lotabweichungen (&,m) wiederum in das LGV
tiberfiihrt werden (Jekeli 2001).



SchlieBlich liefert der n-Frame (n) auch den Bezug fiir die Orientierung eines
Bodys (b). Der Body-Ursprung (Abb.
5) fallt dabei mit dem Ursprung P
(Abb. 4) des n-Frames zusammen.
Mit dem Rollwinkel r (1) wird die
Drehung des Objekts bzw. Bodys (b)
um seine Langsachse (Abb. 5)
bezeichnet.

Der Yaw-Winkel y (1) entspricht
in der Orientierungsgebung dem
geoditischen Azimut o (Abb. 4). Der
Pitch-Winkel p im Zustandsvektor
y(t) (1) (Abb. 5) entspricht auch dem
Elevationswinkel e, mit e = 90°-z
(Abb. 4). Fiir die Uberfiihrung von
auf den Nullpunkt des n-Frames

bezogenen Positionsvektoren,
Richtungsvektors oder auch
AbD. 4: Erdfester Bezugsrahmen (e-Frame)  Zustands- oder
und bewegter Navigationsbezugsrahmen (n- Beobachtungsvektoren x" () in den

Frame)
e-Frame  x°(t)  gelten  die

Beziehungen:
x® (1) =RE (1) - x" (1) bzw. x" (1) =RY () - x®(t) = (RE ()" -x®(t) , mit (4a)

—cosL-sinB —sinL-sinB cosB
Ra(B,L)=| —sinL cosL 0 | (4b)
cosL-cosB sinL-cosB sinB

Die Beziehungen zur Uberfithrung von Positions-, Richtungs-, Zustands- und
Sensorbeobachtungsvektoren vom Body- (b) in den n-Frame lauten:

x"(t) =R ®)-x° ) =RA®)T -x° (1) bzw. x°(t)=RY (1) - x" (t) , mit (5)
cospcosy cospsiny —sinp

Rﬁ(r,p,y)z sinrsinpcosy —cosrsiny sinrsinpsiny +cosrcosy sinrcosp
cosrsinpcosy +sinrsiny cosrsinpsiny —sinrcosy Cosrcosp

(5b)

Die Gleichungen (4a,b) bilden auch die Grundlage fiir die Uberfiihrung der -
vom Inertial-System (i) (7a,b) ausgehend zundchst in den e-frame iiberfiihrten -
Navigationszustandsgleichungen vom e-frame in den n-Frame.



Auf der Basis von (4a,b) und (5a,b) 146t sich ein Algorithmus zur Positionierung
und Orientierung mittels dreier
in den Bodykoordinaten (b)
bekannter bzw. eingemessener
GNSS-Sensoren  (Abb.  5)
herleiten (Jager 2010).

Die Gleichungen (5a,b)
sind ferner grundlegend fiir die
Uberfiihrung der
Sensorbeobachtungen vom b-
Frame in den n-Frame. Im Fall
der am Body (b) angebrachten
Strapdownplattformen (p)
gelten Sie fiir die Uberfiihrung
der  Beobachtungen (z.B.
Beschleunigungsmessungen
eines Abb. 5: Body (b) Frame und Orientierungswinkel
Inertialnavigationssystems) (,,Lage*- oder ,,Attitude*“-Winkel) Roll, Pitch und
vom p-Frame (Abb. 6) iiber Yaw des Bodys (b) gegeniiber dem n-Frame
den b-Frame in den
malgeblichen n-frame (8a,b,c).

Aus den Elementen der auch als Attitude-Matrix bezeichneten Drehmatix

Rp(r,p,y) und R (r,p,y) = (R (r.p,y)) " (5b) gehen mit

GNSS-3

i tan R} (32)/R} (33)]
p|=tan-RD 3D/ R (2D? + R} LY (6)
y tan [RP (21)/Rp (L]

die Ori_entierungswinkel (r,p,y) des Bodys (b) bigl. des n-Frame (Abb. 5) hervor.

SENSORTYPEN

GNSS-Sensorik und Outdoor-Navigation

Was die Modellbildung zur priazisen GNSS-Positionierung mittels den aus den
Satellitensignalen  abzuleitenden = GNSS-Rohdaten  (Code-, Phasen-  und
Dopplermessungen) anbelangt, so wird auf Xu (2007), Bauer (2011), Hofmann-
Wellenhof et al. (2008) und Zwiener and Diekert (2012) verwiesen. Die
Referenzierung der Satellitenbahnen basiert auf dem inertialen ECIF (Abb. 2), die
Uberfiihrung der hieraus resultierenden geozentrischen Satellitenkoordinaten (x,y,z)"
ins erdfeste () ECEF (x,y,z)° erfolgt mit (2a,b). In den Modellbildungen der seitens
der GNSS-Dienste bereitgestellten Nutzerdaten stehen sich gegenwirtig die Konzepte
der absoluten GNSS-Positionierung (Online Precise Point Positioning (OPPP)) unter
Einbindung von Zustandsmodelldaten (State-Space-Representation (SSR)) in das
GNSS-Processing und die klassische differentielle bzw. relative DGNSS-
Positionierung iiber Beobachtungskorrekturdaten (Observation-Space-Related



(OSR)) gegeniiber. Fiir letztere stehen die auf regionalen Referenzstationsnetzen
basierenden cm-genauen GNSS Dienste bereit, fiir welche exemplarisch die in
Deutschland aktiven DGNSS-Dienste SAPOS, AxioNet, SmartNet und VRSNow
sowie der seitens des IAF/HSKA mit aufgebaute Moldawische DGNSS-Dienst
MOLDPOS (www.moldpos.eu) genannt seien.

Vier unabhingige kommerzielle GNSS-Dienste - Starfire (NavCom/John
Deere), OmniSTAR (Trimble), SeaSTAR (Fugro) und VERIPOS (\Veripos) - leisten in
globaler Flachendeckung entweder iiber SSR-Daten oder iiber OSR-Korrekturen
derzeit bereits eine Subdezimeter- bis cm-genaue Positionierung. Fiir 2020 wird der
Status ,,Global-Cm-Level-Accuracy-Anywhere* prognostiziert (Takasu 2011).

Die Integration von GNSS in Multisensornavigationssysteme  zur
Zustandsschitzung y(t)(1) kann sowohl iiber die GNSS-Position (B,L,h) im sog.
Loose- oder Tight-Coupling oder iiber die o.g. Rohdaten und unter Nutzung von
OSR- oder SSR-Daten im sog. Deep-Coupling erfolgen (Wendel 2004, Zwiener und
Diekert 2012, Jager 2005-2012).

Infrastruktur-basierte und autarke Sensoren

In den aufkommenden prézisen Indoornavigations-Systemen und Anwendungen
stehen sich die auf Infrastruktursensoren basierte nicht-autarke prézise Navigation
und die auf entsprechenden autarken Sensortypen und Algorithmen basierende
autarke Navigation gegeniiber. Bzgl. Infrastruktursensor-basierter Indoornavigations-
Konzepte und Systeme wird auf Sommer und Rosenstiel (2012), Saler und Uhl
(2012) sowie Gunther und Jost (2012) verwiesen. Sie setzen das Vorhandensein
georeferenzierter diskreter Landmarks (wie z.B. WLAN-Knoten) bzw. im Falle einer
auf Bildverarbeitung basierenden Indoornavigation die Georeferenzierung der
Innenraumtopologie voraus.

In diesem Beitrag werden im weiteren Infrastruktur-autarke Sensortypen (Jéger
at. al 2012) und entsprechende mathematische Modellansitze vorgestellt, die sowohl
Out- als auch Indoor verwendet werden konnen. Zu den autarken Sensortypen zahlen:

— Beschleunigungssensoren (Bezug: Inertialsystem (). Externe
Referenzmodelle zur algorithmischen Modellierung: Geopotenzialmodell des
Erdschwerefeldes zur Modellierung von g(x) (7a,b) und (2a,b)).

— Gyroskope (Bezug: Inertialsystem (i). Externes Referenzmodell zur
algorithmischen Modellierung: (2a,b)).

— Neigungssensoren (Bezug: Erdschwerefeld. Externes Referenzmodell zur
algorithmischen Modellierung: Geopotenzialmodell des Erdschwerefelds).

— Magnetometer, Hilfssensor (Bezug: Erdmagnetfeld. Externes
Referenzmodell zur algorithmischen Modellierung: Geopotenzialmodell des
Erdmagnetfeldes).

— Barometer, Hilfssensor (Bezug: Erdatmosphire. Externes Referenzmodell
zur algorithmischen Modellierung: Erdatmosphédrenmodell).


http://www.moldpos.eu/

ZUSTANDSSCHATZUNG FUR MULTISENSORPLATTFORMEN

Klassische Zustandsschitzung und NAVKA-Ansatz

Die in den vorigen Kapiteln beschriebenen Bezugssysteme und Ubergiinge sind
nicht nur als Zielsysteme der Georeferenzierung des i.A. aus den Komponenten 3D-
Position, 3D-Geschwindigkeit sowie 3D-Orientierung (Roll, Pitch (Nick), Yaw
(Gier)) bestehenden Navigationsstatusvektors y(t) (1) relevant. Sie treten auch in der
Parametrisierung der Sensor-Beobachtungen auf. Fiir die Zustandsbeschreibung und
in den Beobachtungsgleichungen (8a,b,c) und (10a-f) - beispielsweise im Modell
einer Kalmanfilterung (Wendel 2004, Zwiener und Diekert 2012) als einem zur
Zustandsschitzung (1) lber Multisensornavigationsplattformen  geeigneten
mathematischen Modell - werden insbesondere die zeitlichen Ableitungen von (2a,b),
(4a,b) und (5a,b) relevant.

Die elementaren Beobachtungsgleichungen fiir die auf den Ursprung des Body-

Frames (b) (Abb. 5) bezogenen Messungen ab(t) der Beschleunigungssensoren bzw.

Drehraten Qibb (t) der Gyroskope stellen sich im inertialen (i) Bezugsrahmen wie
folgt dar:
X'(t):g'(x)+a'(t):g'(x)+R'b(t)oab(t) bzw. R'b(t):R'b(t)-Qﬁ)(t). (7a,b)

Bereits hier zeigt sich - mit Rib(t)-ab(t)- die Kopplung zwischen der seitens

der Gyroskopsensoren zu bestimmenden Orientierung R} (t) des Bodybezugssystems

(b) im i-Frame und den erfafiten Beschleunigungsdaten a’(t). Letztere werden mit fest
montierten Sensoren in dem mit R () orientierungsvariablen Body (b) beobachtet.

Mit den Gleichungen (2a,b), (4a,b) und (5a,b) und den Regeln und Saitzen zur
Frame-Transformation und fiir Rotationsmatrizen und deren Ableitungen gelangt man
vom i-Frame {iber den e-Frame zur Zustandsbeschreibung fiir den
Navigationszustandsvektor y(t) (1) im Zielframe der Navigation, dem n-Frame. Die
Navigationsgleichungen im n-Frame, hier als rechtsdrehendes downward n-System,
lauten schlieBlich (Jekeli 2001, Jager 2005-2012):

daly =R (t)-|ay | (Sensor) + [-(Q) +Q").v" +g"] (8a)
atl VE| T y in **%ie g

VD az

. . )

B M+ h
dip o] Ve (8b)
dt (N+h)-cosB

_h —VD

RO(rpyI) =R (t-1) [1 + QP -At+%-(ﬂgb)2 A% +....] ,mit (8cl)

QP =02 (sensor) - QP ((2a,b), (4a,b), (52, b)) (8¢c2)



Die o. g. im Kontext mit (7a,b) angefithrte Kopplung bleibt - mit
RB -ab(Sensor) (8a) - auch im n-Frame erhalten. Mit (8a,b,cl,c2) liegen so

insgesamt drei gekoppelte Differentialgleichungen zum Navigationzustandsvektor
y(t) (1) vor. Diese fungieren zugleich als sog. Transitionsgleichungen zur
Zustandsvorhersage, als sog. Systemkomponente einer Kalmanfilterung (Wendel
2004, Jekeli 2001), als dem typischen Modell zur Zustandsschitzung y(t) (1) fiir
Multisensor-Navigationssysteme.

Dabei werden in den klassischen Ansdtzen die Sensorbeobachtungen -

a’(Sensor) (8a) und Qi%(Sensor) (8¢c2) — mit zur Zustandsvorhersage von y(t) (1)

benutzt. Damit ist dieses Konzept der Kalmanfilter-Modellbildung jedoch
fehleranfallig fiir systematische und grobe Sensordatenfehler (Jager et al. 2012). Mit
den neuen, dem o.g. B.W. Verbundforschungsprojekt gegenstidndlichen ,,NAVKA*“-
Ansitzen, wird dieses Manko behoben, indem in Zustandsbeschreibungen, wie oben
(8a,b,c,) keine Sensordaten eingehen. Physikalische Zustandgleichungen wie (8a,b,c)
bzw. Vorhersagemodelle generell werden in NAVKA iber y(t) (1) durchweg
parametrisch beschrieben. Die Sensordaten treten hier nur in der Komponente der
Beobachtungsgleichungen (,,Messgleichungen®) der Kalmanfilterung auf und werden
dort mit y(t) (1), und gegebenenfalls mit weiteren Hilfsparametern (Zwiener und
Diekert 2012, Jager et al. 2012) parametrisiert.

Die technische Realisierung und der reale Einsatz bzw. die physikalische
Montage von Multisensornavigationsplattformen (p) auf Bodys (b) (Abb. 6) machen
die Koinzidenz der Koordinatenurspriinge von Sensorplattform (p) und den Sensoren
(s) auf der Plattform (p) sowie die der Koinzidenz von Plattform (p)- und
Bodyursprung (b) - selbst im Sonderfall ,,Plattform (p) = Body (b)*“ - unmdoglich.
Auch die Parallelitit der Achsen von Plattform (p), Body (b) und Sensoren (s) kann 1.
a. weder vorausgesetzt werden, noch ist sie - z.B. mit Blick auf ein optimales
Sensorplattform- bzw. Plattform-Body-Design - wiinschenswert. Die Gleichungen
konnen in der Form (8a,b,c) daher zwar als Transitionsgleichungen fiir den
Navigationszustandsvektor y(t) (1) des Bodys (b) verwendet werden, als Gleichungen
fiir realen Sensorinput konnen sie aus den zuletzt genannten Hemmnissen aber nicht
direkt zur Anwendung kommen. In den Beobachtungsgleichungen realer Sensoren
sind daher in jedem Fall zwingend sog. Leverarme (Jekeli, 2001) zu berticksichtigen.
Dieses Thema wird im nichsten Abschnitt in allgemeiner Form behandelt.

Leverarm-Modellierung im NAVKA-Konzept

Die technische und damit zugleich auch die algorithmische Realisierung von
Multisensornavigationsplattformen (p), die relativ zu einem Body (b) montiert sind
(Strapdown-Plattformen), sowie das Design der Sensoranordnung (s) auf einer
Plattform (p) erfordern es, eine ,,Verortung™ sowohl der Sensoren (s) als auch der
Plattformen (p) einzufiihren. Die entsprechenden Parameter sind als eigene
Datenstrukturen  vorzuhalten und sind zugleich auch Bestandteil der
Sensorbeobachtungsgleichungen  in  Multisensornavigationsalgorithmen.  Die
,,Verortung® erfolgt, wie in Abb. 6 am Beispiel des Bodys (b) einer Flugdrohne



dargestellt, zum einen im Plattformkoordinatensystem (p) durch die 5 Parameter der
3D-Position sowie der beiden richtungsgebenden Orientierungsgrofen (o, 8); des j-

ten Sensors auf einer i-ten Plattform [tg,r(c,6)]jj . Zum zweiten muff die

montagebedingte Position und Orientierung der i-ten Plattform (p) im Body-
Koordinatensystem (b) durch weitere 6 Parameter in Form des 3D-

Translationsvektors und der 3D-Orientierung [tp,Rg(sX,ay,sZ)]i der i-ten

Plattform algorithmisch behandelt werden. Die Leverarm-Parameter des j-ten Sensors
(s) im Koordinatensystem der i-ten Plattform (p) sowie die der i-ten Plattform relativ
zum Body (b) stellen sich wie folgt dar:

[ts.rs (o, 8)]j j und [tp, Rg(gx’gyvgz)]i : (9a,b)

Die Parameter (9b) entfallen, wenn - wie z.B. bei der FuBBgidngernavigation oder
Georeferenzierung mit Smartphones (Biirgy und Diekert 2012) - Plattform (p) und
Body (b) koinzidieren. Sie werden aber gleichsam wiederum relevant, wenn das
Smartphone als Strapdown-Plattform (p) - z.B. fiir die Navigation eines Fahrzeuges -
verwendet wird. Die 11 Leverarm-Parameter (9a,b) sind daher grundsitzlich
Gegenstand der Parametrisierung der Sensorbeobachtungen von
Multisensorplattformen. Dies soll im folgenden am Beispiel der Parametrisierung der
Sensordaten eines Beschleunigungssensors als Komponente eines
Multisensorsystems dargestellt werden. Nach Abb. 6 sollen die Navigation und damit
die Parametrisierung des Beschleunigungssensors in diesem Fall im e-frame erfolgen.
Die skalare Beobachtung asijdes j-ten Beschleunigungssensors (s) s;; auf der i-ten

Plattform (p) ergibt sich mit der Sensororientierung (9a) als Skalarprodukt des

Richtungsvektors der Sensororientierung rP und dem Beschleunigungsvektor afi
) g

Sij
der 3D-Plattformbeobachtung im p-frame. Es gilt:

_ Pi  4Pi i P .. S e 1L
as, —rSi’j asi’j mit rsi’j =[cosd; j - cosaj j,COSj j - sin aj j,sin i j] . (10a)
Mit der allgemeinen Transformationsbeziehung

ag! =RP'-RE(r,p.y)-RE(B, L)-aS (10b)
i,j i

erhalten wir die im e-frame parametrisierte Beobachtungsgleichung fiir die
Beschleunigungen des Sensors s;; als

_ P P _ P Pl b pn N
asiyj—rSij asi,,- _rSij Rb Ry(r,p,y)-Re (B,L) asi’j. (10c)

Die Zustandsgleichungen fiir den j-ten Beschleunigungssensor (s) auf der i-ten
Plattform, s;; lassen sich - ausgehend von (7a) und analog zu (8a) - fiir das erdfeste
System (e) herleiten. Sie lauten dort fiir einen Beschleunigungssensor s;; (Abb. 6):

%[X(t)e]si, =[x =a% +0°(x%) —2-QF -x()° - QF -QF -x()°]g; ;- (10d)



Durch Einsetzen von ag__ aus (10d,e) in die Sensorbeobachtungsgleichung (10c)
ij

werden die Beobachtungsgleichungen in der Beschleunigungx(t)s ~im e-frame am
1]

Ort des Sensors parametrisiert.

2, =10 “Rp'RA(r,p.Y)-RE(BL)

i

(10e)

Si,j

Die beiden letzten Terme in (10d,e) sind die bekannte Coriolis- sowie die
Zentrifugalbeschleunigung. Die von der Bodyposition ausgehende ,,Verortung* des
Sensors s;; im e-Frame stellt sich mit Leverarm-Parametern (9a,b) dar als:

X, =Xp +IRRBL)-RY(py)-tp I +[RA(BL)-RY(py)-Ry -6 jlo .(10)

Das Einsetzen von (10f) sowie der ersten und zweiten zeitlichen Ableitungen
von (10f) in die Beobachtungsgleichung (10e) liefert die Parametrisierung der

Beschleunigungssensor-Beobachtung as, bzgl. Position Xg(t) , Geschwindigkeit

IX()° -g°(x) +2-Q7 -x(1)° + QF, - Q2 -x(1)°]

Xp(t) und  Beschleunigung i (t) des Bodys (b) und in Funktion der fixen

Leverarm-Parameter (9a,b) (Abb. 6) sowie der Orientierungsparameter und ihrer
Ableitungen.

Die Beobachtungsgleichungen weiterer autarker Sensoren in dieser
Parametrisierung finden sich in Jager et. al (2012).

Uber die - neben dem Sensor analog auch fiir den Body geltende —

Beschleunigungsgleichung (10c) kann Xg(t) wiederum eliminiert und an Stelle von
Xp(t) der Beschleunigungszustandsparameter ay (t) eingefiihrt werden. Unter

Kopplung an die entsprechenden Drehmatrizen kann ag(t) in ag(t) transformiert
werden, so dass die Sensorbeschleunigung asij(10c) schlieBlich vollstindig durch

die Parameter des mit (1) gegebenen standardméBigem Navigationszustandsvektors
y(t) parametrisiert ist.
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Abb. 6: ,,Verortung® bzw. Leverarme des j-ten Sensors (s) auf der i-ten
Plattform (p) sowie der i-ten Plattform auf Body (b) iiber Translationsvektoren,
Rotationsmatrizen und Sensororientierungsparameter

AKTUELLE ENTWICKLUNGEN UND HERAUSFORDERUNGEN

Der Navigationszustandsvektor y(t) (1) kann sowohl zur In- und Outdoor
Navigation von Objekten bzw. Bodys (b) (Abb. 5) als auch in den
Anwendungsszenarien der mobilen Objektgeoreferenzierung (Virtual Reality,
Objektidentifikation) (Abb. 7, rechts) verwendet werden. In aktuellen Entwicklungen
kristallisieren sich dabei Smartphones bzw. Tablet-PC als universelle Out- und
Indoor-Navigationsplattformen heraus. Fiir Navigationsaufgaben sind Smartphones
und Tablet PC multimodal nutzbar (... FuBgidngernavigation zum Auto -
Autonavigation zur Flughafengarage - Indoornavigation zum Gate -
Indoornavigation durch die Messe bzw. Virtual Reality bei den touristischen
Explorationen am Zielort ...). Mehrwerte bzw. hohe wirtschaftliche Potentiale durch
Apps sind bei allen 0.g. Navigationsaufgaben erkennbar. Eine hohe Bedeutung
kommt dabei kiinftig auch der algorithmischen Integration der Sensordaten externer
Plattformen bzw. Datenquellen zu, z.B. in Form von Apps, die als Strapdown-
Navigationsplattform Fahrzeugsensordaten mitmodellieren, gleiches gilt fiir mobile
Robotikanwendungen wie z.B. in der Landwirtschaft.

Die in aktuellen Smartphones und Tablet PCs vorhandene autarke
Navigationssensorik erweist sich bei den im B.W. Verbundforschungsprojekt
Multisensornavigation (www.navka.de) durchgefiihrten FuE — Dbei algorithmischer
Modellierung von Sensorfehlerzusatzparametern (Offsets, Skalierungsparameter,
Drifts) — gerade auch bzgl. Orientierungsgebung bereits als sehr leistungsfahig (Bakri
et. al 2012). \erteilte Sensoren moderner Navigationssensorsysteme erfordern
grundsitzlich die dargelegte Leverarm-Modellierung (9a,b) und (10a-f) (Abb. 6; Abb.
7, links). Dies bedeutet aber nicht nur einen algorithmisch anspruchsvollen
Modellierungsmehraufwand. Leverarmparameter sind auch eine Chance, bzw.


http://www.navka.de/

bedeuten ein hohes Potenzial, in der Entwicklung innovativer Multisensor-
Plattformen mit optimalem Design, ebenso wie zur Design-Optimierung bestehender
Plattformen bzgl. anzubindender Zusatzsensorik.

Abb. 7: Smartphone bzw. Tablet-PC zur multimodalen Out- und Indoor-Navigation
(links) sowie zur Objektidentifikation und Georeferenzierung bei mobilen
Anwendungen (rechts)

Angesichts der Komplexitdit von Plattform-Sensordesign und den damit
einhergehenden mathematischen Modellen der Navigationszustandsschitzung konnen
Algorithmen effizient und kostengiinstig - als Vorstufe der Plattformprototyp-
Entwicklung - nur iiber die Simulation der Sensorrohdaten entsprechend designter
virtueller Plattformen entwickelt und validiert werden (Jager et al. 2012).

LowCost  GNSS-/MEMS-Sensoren  ermdglichen  kiinftig  redundante
Sensorsysteme und legen damit leistungssteigernde Konzepte zur robusten Schitzung
(Jager und Gonzalez 2005) des Navigationszustands nahe. Die Revision der
algorithmischen Konzepte hat dabei grundlegend zu erfolgen. Als Beispiel sei das
Differentialgleichungssystem (8a,b,c) angefiihrt. Anstatt dieses in klassischer Sicht
als INS mit ,Initial Alignment-Problem* bzgl. Position und Orientierung sowie
ungiinstiger Fehlerfortpflanzung zu betrachten, kann (8c2) auch in die
Sensorbeobachtungsgleichung

op=0hy +RL(rP.Y) o) (11)
umgeschrieben werden. Ist die Plattform beim ,,Anzielen* (Abb. 7, rechts) in
Ruhe ( (oﬁp = 0), so kann {iber die Beobachtungsgleichung (11) die

Orientierungsbestimmung direkt erfolgen, so dafl die Plattform fiir Aufgaben der
Objektgeoreferenzierung in mobilen Anwendungen bereits auf Basis der
Gyroskopsensoren genutzt werden kann. Die faktische Trennung von
Positionierungs- und Orientierungsaufgabe erweist sich als Vorteil.

Die notwendige Modellierung zusitzlicher Sensorparameter miindet in
Verbindung mit Multisensorik und der Aufgabe der Elimination von



Sensordatenfehlern unter Zuverldssigkeitsaspekten auf robuste Kalman- bzw.
alternative  Zustandsfilterungen in tiefer Kopplung (Deep-Coupling) der
Sensorrohdaten. Analog der Entwicklung von Algorithmen zur ,,Ambiguity-Losung
on the Fly*“ bei GNSS besteht in Bezug auf GNSS/MEMS-basierte
Multinavigationssensorik  gegenwirtig die Herausforderung zur Entwicklung
mathematischer Modelle der Zustandsschiatzung mit ,,MEMS-Sensorkalibrierung on
the Fly*.

Die nahtlose Out- und Indoornavigation birgt sehr hohe Marktpotenziale fiir
kiinftige Software- und Systementwicklungen. Uber diese Entwicklungen hinaus
erstrecken sich diese auch auf die weiteren Komponenten der Schaffung,
Bereitstellung und der algorithmischen Integration externer Geodateninfrastrukturen
(Saler und Uhl 2012). Eine Herausforderung liegt in diesem Bereich auch in der
Kombination von autarker und Infrastruktur-basierter Navigationssensorik. Diese
Aufgabe erfordert eine weitere algorithmische Integrationsebene z.B. in Form der
Zusammenfithrung von Kalmanfilter- und Partikelfilter,

Bzgl. GNSS bestehen neue Herausforderungen in der tiefen Kopplung der
GNSS-Rohdaten zur priazisen multisensorischen GNSS/MEMS-Navigation im
LowCost Bereich, insbesondere im Kontext mit SSR-Daten und OPPP. Von
Interesse flir den Massenmarkt (z.B. Smartphones) ist kiinftig die Ausschépfung
von Linearkombinationen auf drei Frequenzen und Multi-GNSS. Mit der hoheren
Genauigkeit von Codemessungen z.B. bei GALILEO sind auch
Linearkombinationen von Phasen- und Codemessungen relevant. Algorithmen zur
DGNSS-Positionierung mit OSR-Korrekturen sind fiir die hochprazisen LowCost
Bereiche, wie kostengiinstiges Geomonitoring und smarte RTK-Systeme von
Bedeutung. In allen Féllen stehen im Kontext mit LowCost GNSS und der
Kombination mit autarken MEMS-Sensoren auch neue Algorithmen zur
Ambiguity-Losung und Cycle-Slip Elimination in Betracht von FuE.
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[Iporpecc  reomH(OpPMALIMOHHOW  TEXHOJOTHMH  3aBUCUT OT  HOBBIX  TEXHOJIOTHIA,
MOSIBIIIFOLIMXCS B XO/I€ HAYYHO-TEXHUUECKUX pa3padoTok. OHU OTKPBIBAIOT HOBBIE BO3MOXHOCTH
JUTS TUCIUIUIMHBI LEIBIM PSIIOM IPUMEHEHHI:

— T'HCC no3unmonupoBaHue

— udpoBoe nzobdpaxeHue

—  CnyTHHKOBOE U300paxeHue

— OO0OpaboTka cTepeo H300paKeHUs

— Pagapnoe u 1a3zepHOe CKaHUPOBaHUE

—  JIoCTM>XEeHUS KOMITBIOTEPHOU TEXHOJIOTHH

— Texuonorus 6a3 JaHHBIX

—  BeG-npunoxxenus

—  TexHoyoruss MOOMITLHOM CBSI3U

OTH TIpUMEHEHHsI JeNaroT reouHPopMaTtuky Oosnee >pPEeKTHBHON M MO3BOJIAIOT PEIIaTh T
3aJlauM, KOTOPBIE PaHbIlIe HEBO3MOXKHO OBLIO PEIIaTh.

KiarueBble ciaoBa: reoje3nyeckas TEXHOJIOTHS, TEXHHYECKOE HOBIIECTBO, IMO3UIMOHU-
pOBaHKe, a3POKOCMUYECKOE M300pakeHHe, J1a3epbl, 3aK0OH Mypa, 0a3bl TaHHBIX, BEO-TIPUIIOKEHHUS,
MOOWJIbHAS CBSI3b.

TECHNOLOGY INNOVATIONS AND THEIR CHALLENGES FOR GEOINFORMATICS

Gottfried Konecny
Leibniz University Hannover, Institute for Photogrammetry and Geoinformation, Nienburger Str.1,
D-30167 Hannover, Germany, Emeritus Professor, Honorary Professor of SSGA, office/fax: 0049-
511-762-2483, e-mail: konecny@ipi.uni-hannover.de

Progress in geoinformatics technology depends on technological innovations introduced by
other scientific and engineering developments. These offer challenges to the discipline in a variety
of applications, such as:

—  GNSS positioning satellites

— Digital imaging

—  Satellite imaging

—  Stereo image processing

— Radar and laser scanning

—  Omputer technology advances

— Data base technology

—  Web applications

—  Mobile communication technology

These applications make geoinformatics more efficient and they help to complete tasks
previously not possible to undertake.
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Key words: surveying technology, technical innovation, positioning, aerial imaging, satellite
imaging, lasers, Moore’s Law, data bases, web applications, mobile communication.

1. Introduction

The Surveying and Mapping disciplines are an applied technology. From the
very beginning they have used inventions of science and technology for the purpose
of measuring and describing the earth’s surface and their objects. Survey instruments,
such as the theodolite were not created by surveyors, but by mechanical craftsmen
and optical scientists, and photogrammetry would not have come about without the
invention of photography and of aerial platforms.

Willem Schermerhorn, Prime Minister of the Netherlands after 1945 and
founder of the ITC, which brought photogrammetry to the developing world, said at
the 50" Anniversary of the German Society for photogrammetry in 1959: “None of
the designers in photogrammetry were survey specialists. They either came to
photogrammetry from aviation or as engineers and physicists”.

At the 100" Anniversary of the International Society for Photogrammetry and
remote Sensing in Vienna in 2010 the economist Franz Radermacher said: “We all
stand on the shoulders of giants, who make our progress possible”.

This is a good reason to make a review of the technological innovations of
today, which offer challenges to geoinformatics by their application.

One of the economists trying to establish a link between technological
innovation and the economy was Nikolai Dmitrijevich Kondratjev (1892-1938). He
stated, that a paradigm change takes place in society every 40 to 60 years, which
leads to sudden improvements in technology and its economic consequences.
Kondratjev and his followers identified five Kondratjev cycles since the beginning of
industrialization around 1780:

— Mechanical weaving, steam ships, coal and iron technology (1780-1850
power)

— Railways, the telegraph, cement, photography (1850-1890 transport)

— Electrification, chemistry, the automobile, aluminum (1890-1940 flight)

— Electronics, television, nuclear power, space technology (1940-1990
automation)

— Information technology, the Internet (1990-2040 communication).

In this context it is interesting to compare, which technologies made available
by others are being adapted to geoinformation tasks.

2. Current Technology Innovations with impact on geoinformatics
These techniques are:

— GPS-GNSS geopositioning

— Digital aerial photography

— Satellite imaging covering the globe
— Stereo image processing software

— Radar and laser scanning

— Computer technology advances



— Data base technology
— Web applications
— Mobile communication technology.

GNSS-GPS satellite positioning

The GNSS positioning technology permits to determine a geometrical figure of
the earth with precise coordinates. Combined with gravity observations the physical
figure of the earth may be precisely determined. Extending these observations into a
time series, earth rotation and crustal motion may be monitored with high precision,
fulfilling the scientific tasks of geodesy.

At the technical level GNSS-GPS permits to create a 3 dimensional terrestrial
reference frame. For this purpose the International GNSS Service (IGS) has been
established. It is a voluntary service monitoring GPS and GLONASS performance
from more than 200 stations distributed over the globe. This permits to create a global
framework for high accuracy geocoding of measurement stations. In this manner
fiducial stations for continuous observations for each continent (EUREF, SIRGAS) or
each country (SAPOS, SWEPOS) may be established. By these it becomes possible
to correct the distance dependent systematic signal errors, which are mainly caused
by the ionosphere. With a sufficient density of reference stations (CORYS), e.g. every
50 km, positioning with 1cm precision may be obtained (and with 10 km spacing a
precision of several mm is possible).

It is of interest, that GNSS positioning with 10cm precision is also dynamically
possible in aircraft and other moving platforms.

These high accuracies are of course only attainable with rather expensive GNSS
phase receivers costing several 10 000$, while the inexpensive code receivers costing
no more than several 100$ only yield 10m relative accuracy positions.

Nevertheless, augmented accuracy communication satellite systems, such as
EGNOS, WAAS and Omnistar may be used in some parts or all over the globe to
permit positioning with simple receivers to precisions in the range of several dm to
about 5m.

This makes older methods of positioning, such as triangulation or traversing
irrelevant, unless reception of GNSS signals is inhibited due to high buildings, trees
or power lines. In that case GNSS receivers must be used in combination with total
stations.

Digital Aerial Imagery

The era of aerial photography on film, initiated during World War | in 1915 has
ended. Kodak and Agfa have stopped to deliver new aerial films. Digital cameras
were first introduced in the consumer market, but specialized high resolution systems
followed. Aerial frame cameras with CCD arrays extended over limited areas became
introduced by Intergraph-Zeiss Imaging with the DMC camera or by Microsoft-
Vexcel with the Ultracam camera series. In competition to the frame cameras, CCD
line scan cameras have been introduced by Leica with the ADS40 and ADS80
scanners, which had proved successful from space before. Now that both Leica and
Intergraph are part of Hexagon, the competition has stopped. Line scanners have



probed to be more beneficial for large area orthophoto generation, while aerial frame
cameras are preferred for photogrammetric digital line mapping.

In addition to the cameras mentioned, a great number of other manufacturers
have provided digital cameras with somewhat less performance. This performance,
however, is still far better than that of old film cameras, as independent comparative
tests have shown (e.g. by the German Society for Photogrammetry, Remote Sensing
and Geoinformation).

Several of these cameras can also be combined for vertical and oblique uses
(e.g. Pictometry) applicable for fagcade inclusion in city modeling.

Even panoramic cameras have been made digital with the Visionmap A3
(Israel), which permits to acquire super large frames, enabling 3 times the
productivity of standard frame cameras.

High Resolution Imaging Satellites

The development of satellite technology since Sputnik in 1957 has been very
rapid. Landsat 1 became the first remote sensing satellite with a global coverage in
1972 with a ground sample distance GSD of 80m. Spot 1 in 1986 was the first
operational mapping satellite with 10m GSD. The Indian satellites IRS 1C and 1D
followed in 1997. In 1999 Ikonos was launched in the USA with 1m GSD. This was
followed by Quickbird in 2002 with 0.6m GSD, in 2007 and 2008 by World View 1
and GeoEye 1 with 0.5m GSD. Even 0.25m GSD satellites have been announced
(GeoEye 2).

What is equally significant, is that this development is not limited to US
satellites, but that several other nations now launch high resolution satellites with
2.5m GSD or better, such as: Taiwan (Formosat 2,2m GSD in 2004), India (Cartosat
1,2m GSD in 2005; Cartosat 2,1dm GSD in 2007), England (Topsat, 2.5m GSD in
2005), Japan (Alos, 2.5m GSD in 2006), Israel (EROS 1B, 1m GSD in 2005), Russia
(Resurs DK1,1m GSD in 2006), Korea (Kompsat, 1m GSD in 2006), Thailand
(Theos, 2m GSD in 2008), Nigeria (Nigeriasat, 2.5m GSD in 2008), Dubai (Dubaisat,
2.5m GSD in 2009), China (ZY3,2m GSD in 2011).

Another advance was the capability to permit changing view directions from the
satellite. Previously SPOT permitted this by a slow movement of a rotable mirror.
With new satellites, such as GeoEye fast rotations of the entire satellite are now
possible under star tracker control.

High resolution satellite imagery therefore has become competitive with respect
to aerial surveys at medium and small scales.

Stereo Image processing Software

The early attempts of inefficient automatic stereo image processing, limited by
computer hardware, carried out at IBM in 1965 (John Sharp) have now led to
efficient commercial matching software (Trimble-Inpho, Leica-Erdas, Intergraph,
SocetSet and Racurs). This software now permits a semi-automatic creation of digital
surface models DSM from stereo imagery.



An even more efficient automatic image processing algorithm has been
introduced by “Pixel Factory” of EADS, and perhaps also by Microsoft-Vexcel
Ultramap.

Radar and Laser Scanning

Laser scanning, which has become operational, is not the first active sensor use
for geoinformatics. Since the 1960°s airborne radar has been operated from aircraft.
The development of the synthetic aperture radar SAR has improved the radar
resolution for use in aircraft (GEMS) and on satellites (TerraSar X and Tandem X).
Radar applications are a useful option, in cas meteorological conditions prevent
optical imaging. For mapping radar applications are generally limited to small scale.
However, interferometric applications have created new possibilities for change
detection of the terrain with high accuracy.

Active sensor technology at large scale has been developed in 3 fields using
lasers:

— Airborne laser scanning

— Terrestrial laser scanning

— Mobile laser scanning

Airborne laser scanners have succeeded to become an excellent tool for the
survey of digital elevation models with about double the accuracy, which can be
obtained by photogrammetry from the same flying height.

Moreover, in forested terrain, lasers have become successful in penetrating the
foliage, so that laser returns can be received generally from the top and the bottom of
vegetation, giving the opportunity to derive digital surface models (DSM) for the top
of vegetation or buildings and digital terrain models (DTM) relating to the ground
surface.

Terrestrial laser scanning has proved itself very suitable for the survey of
engineering objects and for objects of cultural heritage.

Mobile laser scanning (in combination with optical images from cameras) has
become a tool for the survey of street facades and street furniture.

Computer Technology

Perhaps the most important impact on the development of geoinformation
technology has been the growth of computer tools themselves, characterized by what
is usually referred to as “Moore’s Law”. Gordon E. Moore, a co-founder of Intel
empirically described the performance of computers and the miniaturization of its
components (the number and size of transistors). He found in 1965 that computer
performance grew at an exponential rate. This performance continued to grow
exponentially from 1971 onward to 2011:

In 1971 the first microprocessor, the Intel 4004 was produced with 2250
transistors with 10um PMOS technology;

In 1985 the 386™ microprocessor with 27500 transistors was introduced with
1.5 um CMOS technology;

In 2007 the Core™ multicore processor was created with 45nm technology.



The Pentium4 Processor now has more than 100 M transistors.

In 2011 trigate transistors were introduced again increasing the number of
transistors which can be accommodated per area, reaching 200B transistors per
processor.

This resulted in a doubling of computer performance every 18 months, which is
predicted to go on until 2013, and from then on every 2 years for at least the next
decade.

But of equal importance now is also the speed of networking between
computers, which in recent years has doubled every 9 months.

The stages have been:

GPRS 114Kbps
Bluetooth  723Kbps
ISDN 0.144 to 1.544 Mbps

Ethernet 10Mbps

glass fiber  10Gbps

During the last 10 years the computer performance has increased 60 times, and
the networking capability 4000 times.

This means we are able to tackle tasks we could not do 10 years ago.

Data Base Technology

Linked with the capabilities of computer performance are the software aspects
of database technology. While computer storage is no more a handicap, faster data
access form the data base can now be achieved by indexing.

Geometric representation in 2D, 2.5D or 3D has been developed with line
graphics, prevalent in CAD systems (Autocad, Microstation). This took care of
mapping and design needs.

Analysis capabilities have been added by GIS Systems with relational data
bases, which permitted to store geometry with topological relations in 2D (ESRI
ArcGIS, Oracle Spatial). These GIS systems permitted to establish geodatabases with
mapping and analysis capabilities.

The competition for the efficient vendor developed systems comes from the
Open Source Community (e.g. GRASS, PostGre).

Web Technology

Organizations in charge of administering data bases must be concerned to
disseminate their data content in whole or in part. This has led to the development of
geoportals for viewing the data content and for extracting the relevant graphic and
non graphic information.

Geoportals will only work efficiently within a fast computer network. Special
concern must be given to the access conditions within the network and if charges for
data are to be made, there must be an accounting system included.

Mobile Communication Technology



The latest trend to make interactive graphical and non-graphical information
publicly available is through telecommunication networks using smart phones (I-
phone) or tablets (I-Pod).

With new data providers, such as Google Earth, Google Maps or Bingmaps such
devices have been able to integrate the geoinformation capabilities:

1. A mobile GIS can integrate aerial images and satellite images

2. It can display and superimpose available and augmented maps

3. It can incorporate address searches and street views

4. It can act as navigation device

5. It can incorporate 3D views and 3D city models

Conclusion

1. After 134 years of existence of the International Federation of Surveyors and
after 101 years of existence of the International Society for Photogrammetry and
Remote Sensing, and after 52 years of existence of the International Cartographic
Association geoinformatics is an independent discipline providing spatial information
to the society.

2. We need continuous input from sciences and other engineering disciplines,
but the continued growth in computer performance guarantees our own continued
growth.

3. The society needs our services, which only we can provide because of our
professional interest and concern.

What are the problems geoinformatics is facing? These are more sociological
than technical in nature:

1. Do we have political support

2. Do the laws protect our professional status?

3. What esteem do we have in society as engineers?

4. The answer is that we have to get engaged in social, political and ultimately
ethical issues.

© G. Konecny, 2012
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'eonHopMamoHHbIe TEXHOJOTHMHM IpPEUIaraloT  MPEBOCXOAHbIE HWHCTPYMEHTAJIbHBIC
CpeAcTBa JUlsl peuleHus NpoOJieM, CBA3AHHBIX CO CTUXUHHBIMM OeICTBUAM. belncTBusl Henb3s
IIPEIOTBPATUTh, HO OHU MOTYT OBbITh NPOTHO3UPYEMBI, HAOIIOJAEMbl M OLICHEHbI. YK€ JI0Ka3aHa
3G HEKTUBHOCTh TUCTAHIMOHHOTO 30HIUPOBAHMSL.

Jist perenust mpo0OiieM, CBSI3aHHBIX C OKa3aHWEM IOMOIIU TMPH CTUXUUHBIX OEICTBUSX,
IIPEIaratoTcs ABE MOJCIIN:

1. I'ocynapcTBEeHHOE areHTCTBO, UMEIOLIEE JIOCTYI K M€OJJaHHBIM, BKIIIOUasi CBOEBPEMEHHBIE
CIIyTHMKOBBIE N300pa)kKe€HUsI, CUIIbHYIO (PUHAHCOBYIO, TEXHUUYECKYIO U OpraHU3allMOHHYIO0 0azy.

2. s cTpaH, HEe WUMEKONMX Takyl uHppacTpykTypy, otmen OOH mo Bompocam
KOCMHUYECKOIO0 IPOCTPAHCTBA BMECTE C MEKIYHAPOJHBIMH KOCMHUYECKMMM areHTCTBaMU
npeaaraeT ObICTPbI M CBOOOJIHBIM NOCTYN K JAaHHBIM [0 OKAa3aHUIO MOMOIIM NPU CTUXUHUHBIX
OenCTBUSX.

KiroueBble cj1oBa: CTHXUHMHBIC 6e)ICTBI/I$I, I'IpC3B]':>I‘{8.I\/’IHI>IG CUTyalliu, HABOAHCHUA, IYHAMU,
KOCMHUYCCKHUE arcHTCTBA, CITYTHUKOBEBIC 1/1306pa>KeH1/1${.

GEOINFORMATION TECHNOLOGIES AND DISASTER MANAGEMENT

Gottfried Konecny

Leibniz University Hannover, Institute for Photogrammetry and Geoinformation, Nienburger Str.1,
D-30167 Hannover, Germany, Emeritus Professor, Honorary Professor of SSGA, office/fax: 0049-
511-762-2483, e-mail: konecny@ipi.uni-hannover.de

Geoinformation technologies offer excellent tools for problems associated with disasters.
Disasters are unavoidable, but they may be predicted, monitored and assessed. Satellite remote
sensing has proved to be an effective tool.

For the problems associated with disaster relief two models have proved to be effective:

1. A national agency, which has access to geodata including timely satellite images and
possesses strong financial, technical and organizational capabilities

2. For those countries, which lack such an infrastructure, the United Nations Office of Outer
Space Affairs in liaison with the international space agencies offers voluntary quick data access for
disaster relief.

Key words: disasters, emergencies, floods, tsunamis, space agencies, satellite images.

Introduction

As a representative of the International Society for Photogrammetry and Remote
Sensing | consider myself part of the science oriented and technical geoinformation
community, which in other parts of the world is also called geoinformatics or
geomatics. | follow the rapid technological advances and think about opportunities in
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my professional field to apply these technologies to combat urgent problems of
society.

One of these problem areas is disaster management. Natural and human caused
disasters frequently occur, and the technologies in my field offer opportunities, not to
prevent disasters, but to make their impacts less severe for society.

Possible Actors in Disaster Management

Disaster management may rely on scientific information to predict disasters and
their possible mitigation, but it is a matter of management activity requiring decisions
and the financial, technical and political infrastructure to become effective.

My first encounter as a member of the geoinformation community with disasters
was with the floods of the river Oder (Odra), which severely affected the neighboring
countries of Poland, the Czech Republic and Germany. At that time flood mitigation
was handicapped by the fact, that separate country administrations did not manage a
joint action. As members of the European Association of Remote Sensing
Laboratories EARSeL some Polish, Czech and German representatives met and made
a joint proposal to the European Union for a study on how the use of remote sensing
could improve the coordination between the countries to predict, monitor, mitigate
and assess damages of multinational flood in that region. The proposal was
considered as excellent, but it was given to the European Joint Research Center for
implementation, and we did not become involved. We were not told the reasons for
the rejection of our proposal, but we guessed, that we would have needed political
power to implement such a proposal, which the scientific community did not have.

Through EARSeL | had a second encounter for disaster management via the
Council of Europe as a technical reviewer for the support given to the Russian
Emergency Ministry EMERCOM. | was impressed by my visits to the Ministry. They
had own meteorological monitoring systems using NOAA and Russian
meteorological satellites. They had access to detailed map content in digital form
from the former Roskartografia. And they conducted impact analyses for possible
disaster situations. For mitigation of actual disasters they were directly linked with
the Russian Army.

Of interest were also the EMERCOM studies on the frequency of disasters for
different regions of the Russian Federation. It was documented, that at least half of
the actual disasters in Russia were caused by humans. Another interesting aspect was
the issue of training manuals for disaster relief to the public.

To me this appeared to be the ideal model for disaster prediction, preparedness
and mitigation for a large country. This is a capability, as history proved, which was
not available in the USA during the New Orleans flood and in Japan for the recent
Tsunami.

It was interesting to observe, that for the Indian Ocean Tsunami, a few years
before, India refused to accept international aid, since it was felt there, that there exist
own national capabilities for the mitigation of the disaster. Sri Lanka, Thailand and
Indonesia did not have the infrastructure to do it without international help.

This apparently led to the start of international efforts. Germany, for example,
financed a sophisticated Tsunami information system for Indonesia. But at UN



Conferences it was only the Germans, who would talk about it, and not the
Indonesians, which most likely could not maintain such a complex system.

But more effective, than bilateral efforts between two countries was the
approach via the United Nations. The UN Office for Outer Space Affairs in Vienna
has managed to organize a very effective voluntary collaboration with the World's
Space Agencies. When UNOQOSA declares a sudden catastrophic event a disaster,
then the Space Agencies will target space data acquisition or rapidly prepare image
maps for disaster relief.

As one of the earth observation experts at the German Space Agency DLR in
Oberpfaffenhofen, Dr. Reinartz, is a Honorary Professor and lecturer at the University
in Hannover, we are continuously informed about their involvement in aiding disaster
relief, such as for the Indian Ocean Tsunami, the New Orleans Flood, the Wenchuan
Earthquake in China, the Haiti earthquake, the Fukushima disaster in Japan and
others.

Conclusion

Both models for disaster relief, at EMERCOM and through UN-OOSA and the
International Space Agencies are highly effective. In the first model (EMERCOM)
geoinformation technologies are used as an integrated work flow package. This is
needed for the entire chain of relief operations in the disaster areas.

The second model (UN-OOSA) concentrates one the globally applicable part of
disaster monitoring through timely space data acquisition, which is technologically
not accessible to most third world countries.

© G. Konecny, 2012
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FLIGHT PLANNING FOR THE DIGITAL ERA
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The article describes a new approach for flight planning for the digital era.

Key words: aerial survey, orthophoto, digital camera.

In the era of analog aerial surveys, which spanned almost the entire twentieth
century, aerial cameras were standardized, as were the sizes of their images®.
Parameters such as forward and side overlap between images and strips, and the focal
length of the camera were used to ensure proper aerial survey execution and assure
the quality of orthophoto production.

With the introduction and growth of digital aerial surveying in the past decade,
however, the situation has changed. A large variety of airborne cameras with different
frame sizes, CCD resolutions and focal lengths of lenses is available in the aerial
survey market. As such, a new approach is needed to specify standards and ensure
quality.

This article presents an innovative universal approach to aerial survey planning
and orthophoto production that is relevant and appropriate for the digital
photogrammetry era.

Fig. 1 shows a typical aerial survey flight planning diagram.

! Standard images are 24 x24 cm or 18 x 18 cm. Focal lengths for 24 x 24 cm images are 150,
210 and 300 mm. Focal lengths for 18 x 18 cm images are 70, 100, 140, 200, 250 and 350 mm.
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Figure 1. Aerial survey flight'planning

Variables in the diagram are as follows:

FOV Camera field of view across the flight line, corresponding to W distance on the ground.

20 Permissible orthophoto angle across the flight line, corresponding to Wo distance on the
ground. Only this part of the image is used for orthophoto production.

D Distance between flight lines

Q Side overlap

2) (not  Permissible orthophoto angle along flight line. This angle is specified by forward
shown)  overlap. From the orthophoto quality point of view, 21 must be equal to or less than 2a.
In practice, 2A is generally less than 2a.

This scheme, in principle, is valid for all types of cameras, with only parameter
values varying with the camera type.

Fig. 2 presents the impact of permissible orthophoto angle on building leaning
and occlusion area on orthophoto.
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Figure 2. Building leaning and occlusion area on orthophoto

In this diagram:
FOV Field of view, generally, 27° - 110°
20 Permissible orthophoto angle
L1, L2 Occlusion

BL (Building leaning) = tg(a)*100%; 202 > 2al; L2 > L1;

As the diagram illustrates, a larger orthophoto angle results in greater building
leaning and more occluded area on the edge of the image. In fact, the permissible
angle and consequently, the building leaning are the main geometric parameters
defining the metric quality and readability of the orthophoto.

In the following discussion, we will take the recommended values for side and
forward overlap for analog cameras as a given. Based on experience and standard
procedures, cameras with a focal length of 300 mm are recommended for urban areas,
while for rural areas, recommended focal length is 150 mm. The forward overlap P in
both cases is expected to be 60%. Side overlap Q is set to 25-30% for rural areas and
35-40% for urban areas. The orthophoto is constructed from a part of the image (\Wo)
that is bounded by cut-lines that pass around the middle of the overlap area.

When comparing between digital cameras, it is preferable to utilize pixels, rather
than millimeters or centimeters as the standard unit of measure. A standard image
from an analog camera that is scanned with a resolution of 15 microns will have an



equivalent frame size of 16,000 by 16,000 pixels. A focal length of 10,000 pixels
corresponds to the 150 mm length for rural areas and 20,000 pixels to the 300 mm
focal length for urban areas. The relationship between the permissible orthophoto
angle and the overlap is calculated as follows:

1_
[1] 2a = 2 x atan (Lq * ?)

1-P
[2] 2A = 2 x atan (Lp * F)
Where:

2a, 2\ - permissible orthophoto angles across and along flight lines, respectively
Q, P - side and forward overlaps

Lg, Lp - frame size in pixels across and along the flight line

F - focal length in pixels

Using these formulas, we have calculated the values for permissible orthophoto
angle and building leaning for different cameras based on image parameters from the
cameras and commonly used side and forward overlap values. The results are shown
in Table 1:

Table 1. Orthophoto angle and building leaning for different cameras

uc- | uc- [pmci| aps | Rc-30/

Camera A3 UC EAGLE Xp | Xpwal| 250 80 RMK-TOP
Focal length (mm) 300 | 210 | 80 | 100 | 70 112 | 6277 | 150 | 300
Pixel Size (1) 9 | 52 | 52 | 6 6 5.6 65 | 15 | 15
Focal length (pix) 33,333 | 40,385 | 15,385 | 16,667 | 11,667 | 20,000 | 9,657 | 10,000 | 20,000
(Fg?)ge size cross track | ¢, 400 | 20,010 | 20,010 | 17,310 | 17,310 | 17,216 | 12,000 | 16,000 | 16,000
Frame size along 8,000 | 13,080 | 13,080 | 11,310 | 11,310 | 14,656 | 7,530 | 16,000 | 16,000
track (pix)
Frame area (Mpix) 496 262 262 196 196 252 90 256 256
FOV across track 110° | 27.8° | 66.1° | 54.9° | 73.1° | 46.6° | 63.7° | 77.3° | 43.6°
FOV along track 13.4° | 184° | 46.1° | 37.5° | 51.7° | 402° | 426° | 773° | 43.6°
Forward overlap 60% | 60% | 60% | 60% | 60% | 60% | 60% | 60% | 60%
Permissible angle 20)[ 50 | 70 | 190 | 150 | 220 17 | 1ge | 350 | 1se
Building leaning at A | 5% 6% | 17% | 14% | 19% 15% 16% | 32% | 16%
Side overlap 40% | 40% | 409% | 40% | 40% | 40% | 40% | 40% | 40%
?;&;n'ss'b'e angle 80° | 170 | 43° | 350 | 4s° | 200 | 41° | 510 | 27
Building leaning at a.| 84% | 15% | 39% | 31% | 45% 26% 37% | 48% | 24%
Side overlap 25% | 25% | 25% | 25% | 25% | 25% | 25% | 25% | 25%
F;&T'Ss'ble angle 930 | 21° | 520 | 430 | 58 | 36 | s00 | e2° | 33°
Building leaning at o | 105% | 19% | 49% | 39% | 56% | 32% | 47% | 60% | 30%




The table indicates that for the same forward and side overlap values, the
permissible orthophoto angles and consequently, building leaning and occluded areas
vary greatly among the cameras.

For a standard 60% forward overlap, for instance, building leaning ranges from
5% to 32%. For side overlap of 40%, building leaning ranges between 15% - 84%
among the various cameras, with an even greater range of 19% to 105% building
leaning for 25% side overlap.

Smaller building leaning indicates that the “usual” orthophoto approaches more
closely the "true" orthophoto, resulting in better readability and superior metric
quality of the product.

In Table 2, we calculate the side overlaps for the same set of digital cameras
using building leaning values of 60% and 24%, which correspond to 25% and 40%
side overlap for analog cameras RC-30 and RMK-TOP in the table above.

For building leaning of 24%, the side overlap values for digital cameras vary
between 3% and 80%. An aerial survey with building leaning of 60%, which is
typical for an open flat-plain area, can be conducted by only three of the cameras, the
VisionMap A3 , RC-30 and RMK-TOP with F = 150 mm. Due to their relatively
small fields of view, the other cameras do not allow aerial survey with these
parameters.

Table 2. Forward and side overlap according to building leaning

RC-30/
ADS 80| RMK-TOP

UC- | UC-Xp| DMCII

Camera A3 UC EAGLE Xp wa 250

Focal length (mm) 300 210 80 100 70 112 62.77 150 | 300
FOV across track 110° | 27.8° | 66.1° | 54.9° | 73.1° 46.6° 63.7° | 77.3° | 43.6°

Required building

leaning (urban 24% | 24% | 24% | 24% | 24% | 24% | 24% | 24% | 24%
area)
Permissible angle 27 | 21 | 271 | 27 27 27 27 | 21 | 27
(2a)
Side overlap 80% | 3% |63% | 54% | 68% | 44% | 61% | 70% | 40%

Required building

X 60% | 60% | 60% | 60% | 60% 60% 60% | 60% | 60%
leaning (rural area)

Permissible angle
(2a)

Side overlap 60% |-142% | 8% | -16% | 19% -39% 3% | 25% |-50%

62 62 62 62 62 62 62 62 62

For each of the cameras we assessed, we created a flight plan for an open area
using forward overlap of not less than 60%, side overlap not less than 25%, ground
resolution of 25 cm, permissible orthophoto angle of not more than 60° and aircraft
ground speed of 250 knots:



Table 3. Flight plan calculation

DMC | UC-Xp| UC- RC-30/ |ADS8

Camera A3 | UCEAGLE 11250| 'wa | xp | RMK-TOP | 0

Focal length (mm) 300 210 80 112 70 100 | 300 | 150 |62.77

FOV across track 110° | 27.8° | 66.1° | 46.6° | 73.1° | 54.9° | 43.6° | 77.3° | 63.7°
FPS (frame/sec) 7.40 0.56 0.56 0.59 0.50 0.74 - - -

GSD (m) 25.00 | 25.00 | 25.00 [ 25.00 | 25.00 | 25.00 | 25.00 | 25.00 | 25.00

Flight altitude (m) 8,333 | 10,096 | 3,846 | 5,000 | 2,917 |4,167 | 5,000 | 2,500 | 2,414
Forward overlap 60% | 93% | 93% | 94% | 91% | 94% | 60% | 60% | 60%
Side overlap 59% | 25% | 25% | 25% | 25% | 26% | 26% | 28% | 25%
Permissible angle (2a) | 60° 21° 52° 36° 58° 42° | 33° | 60° | 50°
Frame area (sq. km) | 63.51 | 16.36 | 16.36 | 15.77 | 12.24 |12.24|16.00 | 16.00 | 5.65

Distance between

. . 9,623 | 3,742 | 3,752 | 3,249 | 3,233 | 3,199 2,962 | 2,887 | 2,251
Flight Lines (m)

The elements of Table 3 are calculated as follows:

1. Forward overlap at an affordable frame rate (FPS) and the specified aircraft
speed

2. Side overlap and permissible orthophoto angle are linked and depend on the
field of view (see Figure 1). Side overlap cannot be less than 25%, while the
permissible angle of aerial photography cannot be greater than 60°.

As highlighted in red in the table, only three cameras (A3, RC-30 and RMK-
TOP) achieve the maximum permissible orthophoto angle of 60°. A fourth camera,
UC-XP, came close to reaching this angle.

By placing the same geometric constraints on all aerial surveys, we can
accurately compare between existing cameras on the market. The following graph
summarizes the distance between flight lines from Table. 3.
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Conclusions

Using parameters such as forward and side overlap to specify orthophoto
production is no longer relevant for aerial surveys to be carried out by today's digital
or analog cameras. Due to the wide range of frame sizes, focal lengths and CCD
resolutions, quality and readability are not determined by overlap. By continuing to
use these parameters to specify orthophoto production, we condemn ourselves to
measurements that are inaccurate, and to pour quality and readability of the
orthophoto.

To ensure that orthophotos of the same quality will be obtained from various
suppliers, permissible orthophoto angle or building leaning parameters should be
specified rather than forward and side overlap.

A thorough understanding of the geometric principles of flight planning allows
users of orthophoto services to accurately analyze the performance of available
cameras, compare their performance, and ultimately, make the right choice for each
individual project. This careful assessment will allow users to conserve material
resources and save time.

© Yu. Raizman, 2012
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The paper describes a design concept of framework and web-portal for photogrammetric
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SUMMARY

In recent years, the field of Geographical Information Sciences has greatly
benefited from the dramatic increase in amount and availability of high-quality
geospatial imagery. However, remotely sensed imagery cannot be immediately
integrated into cyberinfrastructures. This is due to fact that raw imagery obtained
from satellites, UAVs, and non-metric terrestrial cameras needs to be processed
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photogrammetrically before further deployment. Typically photogrammetric
processing encompasses: sensor calibration, georeferncing based on rigorous sensor
model or rational polynomials, triangualtiuon with ground control densification,
rectification and/or orthorectification, 3D feature and DEM extraction; and requires
use of specialized commercial software licenses. Online photogrammetric processing
frameworks do not exist. Current paper describes a structure of free open-source
worldwide-opened consortia and geospatial web-portal challenging photogrammetric
processing of remotely sensed imagery.

1. INTRODUCTION

Need in timely and interoperable photogrammetric image processing is
recognized by geospatial science and technology. Some influential research papers
[Clark et al, 2005], [Lillesand et al, 2000] recognizes need for changes in geospatial
information science and technology including needs in open-source interoperable
research frameworks [Longley 2002]. This indicates that increased geospatial tools
interoperability will help in geography and other humanity research success.

The most fundamental approach to the development of open and free
photogrammetric applications for students and researchers is maintained by ISPRS
Computer Assisted Teaching Contest group [CATCON]. Few of these systems are
available for online use, like [OpenDragon] and Learning Digital Photogrammetry
[LDP]. However, those systems a) are mostly oriented for teaching and learning
rather then research, and thus deploy a fixed set of test-images without the possibility
to upload new images; and b) deals mostly with 3D point-clouds generation and
remote sensing then with photogrammetric sensor modeling. Image-independent
functionality, but in standalone mode, is provided by Insight3D open-source free
system [Insight3D]. GRASS GIS (Geographic Resources Analysis Support System)
freeware with powerful remote sensing functionality is used by many academic
institutions worldwide [GRASS].

\ery interesting web-based project for close-range cases entitled Architectural
Photogrammetric Network tools for education [Arpenteur] has multiple capabilities.
It was developed deploying the Java Development Kit (JDK) and based on the JAVA
virtual machine 5.0 and Java Advanced Imaging (JAI) library. Unfortunately, project
has been inactive since 2008. Google Building Maker for Google Sketchup [GBM]
represents a very useful example for integration of some photogrammertic data
obtaining functionality into open geospatial system.

The most useful for further developments open-source resources include:
Python Photogrammetry Toolbox [PHT], Stereo Photogrammetry Extractor [SPE]
and Basic Image Algorithms library [BIAS].

On cyberinfrastructures [NEC] ,[NEC] side one of the most recent NASA
collaborative network developments is a NASA Earth Observing System (EOS)
Higher-Education Alliance (NEHEA) GeoBrain project [Chen et al 2011], [Deng and
Di, 2010] ,[Di 2003]. Development of open-source web-portal can be integrated and
be considered as a data obtaining service for such cyberinfrustructures. The
challenges of “OpenPhotogrammetry” are:



— Accelerate deployment of remotely sensed geospatial datasets in GIS and
virtual 3D globes driven decision support system by free photogrammetric processing
services;

— Enable access to photogrammetric imaging research for educational
communities and students from many parts of the world where average price around
$10,000 [Petrie Jper photogrammetric software license is not affordable;

— Simplify communication and collaboration of photogrammetry researchers
by deployment of ubiquitous network services such as LinkedIn, Facebook, Google+,
etc.

2. PHOTOGRAMMETRIC SENSOR MODELS AND THEIR
INTEROPERABLE DESCRIPTION PRINCIPLES

Deploying rigorous photogrammetric sensor modeling allows extracting the
most accurate metrics from real-world geospatial images. For the establishing of
“OpenPhotogrammetry” the following geospatial imagery types should be considered
in general:

1. Images of metric cameras in central projection, allowing carrying out of
standard interior orientation procedure with determination of principal point position,
known principal focal distance, and sometimes known optical system distortions.
That imagery may be acquired from terrestrial, manned/unmanned aerial and satellite
platforms.

2. Images of non-metric cameras in the central projection, with unknown
interior orientation parameters. Presently the digital still cameras of such non-metric
type are widely distributed, especially from small-UAV.

3. The images received by various scanning systems, including space based.
Mostly such imagery includes high-resolution satellite observation systems, such as
Landsat, Ikonos, QuickBird, Spot etc, and also aerial scanning system such as Leica
ADS line scanner

4. Geospatial imagery obtained as result of active scanning system (LIDAR,
SAR, InSAR) data processing. Scanning point-clouds and data are obtained from
terrestrial, aerial and satellite platforms.

Typical geometries of geospatial imagery scanners are shown on Fig. 1.
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Figure 1 Geospatial scanning systems geometries and physical principles [Sabins,
1987]

“OpenPhotogrammetry” will operate objects representing different types of
solutions for various sensors listed above. Sensor models for solutions can be
separated in two categories: rigorous sensor models operating physical sensor
parameters and generic mathematical models. The most popular of generic
mathematical models is a rational function model [Di et al 2003]. A rational function
is defined as a polynomial divided by a polynomial. Functions can be defined for
algorithm fitting, with the independent variables being 1, 2, or 3-dimensional. The
power of the rational functions can vary for each dimension as well as for the
numerator and the denominator. Space Imaging Inc. and Digital Globe Inc. are
replacing rigorous model parameters by rational polynomials coefficients (RPC) for
IKONOS and QuickBird satellite imagery respectively. However, due to
[Toutin,2000], [Grodecki 2001] processing scanning-type imagery such as IKONOS
by means of rational function polynomials in practice produces results 4-5 times less
accurate than processing based on rigorous geometrical models. Classical central
projection model deploying six parameters of 3 projection coordinates and 3 rotation
angles will work well for traditional metric cameras, but will not provide as good of
results as for scanning type imagery. Research of sensor models which work for
scanning type imagery and provide an accurate result is one of the major topics in
today’s photogrammetric sensor modelling research. Open Geospatial Consortia
[OGC] in compliance with Federal Geospatial Data Committee [FGDC] established
multiple  interoperable standards including the most important, for
“OpenPhotogrammetry” sensor modeling markup language —SensorML [Botts 2005],
[Chen et al, 2011].To achieve mentioned above capability interoperable, incremental



and OGC-compliant photogrammetric imaging and sensors descriptions. These
descriptions should allow geospatial researchers to modify existing sensor models
and include their own sensor models into “OpenPhotogrammetry”. Fig. 2 outlines our
initial XML-like object-oriented approach to photogrammetric sensor models
descriptors.

< image G-Sat>
< SensorML Compliant data>
Vendor, Owner,Date Uploaded, Time,Date, Auxiliary data
< SensorML Compliant data>

<sensor Model>
<Author>
“Student Johnson”
<Author>
<Model Name>
“Affine transformation”
<Model Name>
<Number and Names of Sensor Parameters>
6, “a0”,”al”,”’a2”,”’b0”, ’b1”, b2 "
<Number and Names of Sensor Parameters>
<ModelMath>
“Raw=a0+al*X+al*Y;
“Col = bO+bl*X+b2*Y;
<ModelMath>
<sensor Model>
* % %

< image G-Sat>

Figure 2. Sample of approach to photogrammetric sensor models interoperable
description.

It is visible from Fig. 2, that the record for any sensor may support several
sensor models developed by different researchers. Object-oriented structure is very
important for establishment in the future knowledge base of sensors and sensor
models that will be opened for queries by any free extension of SQL. It is also
important to provide efficient parsers of photogrammetric sensor models and to build
functionality controlled by an easy-to-use human-machine interface. The purpose of
this interface is to allow selection of appropriate sensor model for teaching and/or
research purposes with execution of ground control points measurements (if any) and
accuracy estimation. Preliminary ideas of human-machine interface design are
outlined on Fig. 3. When sensor model parameters are found,
“OpenPhotogrammetry” software service will be able to perform image rectification
functionality by combining DEM and source image. Given the opportunity to
determine the sensor parameters for specific image or satellite scenes, it will be
rational to build another functional capability, targeted mostly on geospatial students
to manipulate with different views of the same terrain by re-sampling of orthoimage.
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Figure 3. Initial Design of Sensor Model Manipulation Man-Machine Interface.

Initially this learning application is foreseen as working as demonstrated on
Figure 4.
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Figure 4. Initial design of OpenPhotogrammetry geospatial sensor model learning
application



By means of the learning application, students will be able to generate various
synthetic aerial and satellite imagery and learn from hands-on involvement about
various sensor models and systems. The research value of the synthetic images and
metadata generated by the application is the testing of new algorithms and sensor
models. The advantage of synthetic images coupled with metadata is that all their
parameters are known and modeled. Use of these images can help in verification of
new sensor model methods, algorithms and software by direct comparisons of the
results obtained with source data. In general, DEM is needed for learning
“OpenPhotogrammetry” tools execution. It can be uploaded from various geospatial
data warehouses when available. Otherwise DEM can be extracted from overlapped
geospatial images which may require DSM generation mode development.

Multiple research problems have to be resolved in order to proof a feasibility of
the outlined “OpenPhotogrammetry” workflow. As for any complex innovation, it is
necessary to resolve several contradictory requirements: a) between openness of the
system architecture and necessity to avoid breach of imaging vendors copyrights; b)
between optimality of the multi-tier architecture and lack of internet connectivity and
connection quality compatible with architecture in many developing countries; c)
between interoperability and users-capability of photogrammetric algorithms
customization; and finally d) the fundamental contradiction known as “training
versus education” [Levin et al, 2010] well known in concern to educational use of the
“OpenPhotogrammetry” framework. Initial problem solving ideas are: via credible
user-authorization system(ACXML) resolve problem; a) use virtual machines (VM)
[Clark et al,2005] analysis technology and desktop VM clones may help to resolve
problem; b) automated QA failure protocols and selection options of user-delivered
algorithms is one of the possible ways to resolve problem; c) and finally orientation
of man-machine interfaces and overall “OpenPhotogrammetry” design on academic
and research (rather than production) use will help to resolve, at least partially,
problem d). Learning games elements will also be considered. Another problem
which has to be resolved is integration of open-source image compression algorithms
for the large imaging files transmission. Medical informatics research [L. Rodney
Long], [B.Read] demonstrates some open-source solutions which can be deployed in
geospatial domain. The following paper sections outline foreseeable solutions to the
stated above problems.

3. OPEN-SOURSE SOFTWARE AS “OPENPHOTOGRAMMETRY”
SERVICE

Recent years demonstrated great potential of social networks as efficient
collaborative environments capable to even to catalyze revolutions such as “Arab
spring”. Samples of efficiently functioning collaborative environments include: NSF
Earth Cube[NEC], NASA Earth Exchange[NEX], NASA World Wind[WorldWind],
Google Earth[ GE] and other virtual globes [Elvidge and Tuttle 2008]. Facebook,
Google+, DropBox and ICloud become a standard way of communication and data
exchange worldwide. Specifically LinkedIn [LIN] professional social network
already has 220 geospatial and 145 remote sensing related working groups. For being
compliant with such ubigiotous collaborative networks and cyberinfrastructures



”OpenPhotogrammetry” from system architecture standpoint should be implemented
as service bus or as it is depicted on Fig. 5. ”Openphotogrammetry” system
architecture comprises the following components:

— Sensor Modeling — to deploy and append interoperable sensor models and
georeferencing of raw geospatial data;

— Learning/Teaching — for teaching and orthorectifying imagery with plug-ins
to OpenGlIS and collaborative virtual globes;

— Feature Extraction — for overlapped geospatial imaging orientation, 3D
feature collection and DEM generation;

— OpenAT — for densification of the ground control by analytical triangulation.

“OpenPhotogrammetry” is foreseen as an open-source development within
multi-tier client-server and standalone software architectures. Any photogrammetry
or geospatial imaging specialist/researcher in the world will be able to contribute new
sensor-models and custom processing algorithms for “OpenPhotogrammetry”. Finally
“OpenPhotogrammetry” will be seamlessly integrated as a sub-framework into
ubiquitous  network  collaboration tool with capability to execute
“OpenPhotogrammetry” related activities even from smart phones.

Raw Geospatial

Imagery ﬁwDATA
( N Nag[ﬂ I]
" Digitalg)be m
I] ] " i
= oDSR
OpenF y Spatial Medi
Encrypted Service Bus (ACXML)

OpenPhotogrammetry RESEARCH REPOQ
SN

Internet Collaborative

Networking

Virtual Globes
Google Earth,
NASA World Wind

emole Web Users Worldwide

g [=] 4
Users Worga(ionh

)

Figure 5. “OpenPhotogrammetry” system architecture




4. SOME ASPECTS OF “OPENPHOTOGRAMMETRY” SYSTEM
ADMINISTRATING

To promote integration and consistency, our “OpenPhotogrammetry”
architecture will inhibit open-source software plugins that we develop to coincide the
application programming interfaces (APIs) of image repositories such as
GoogleEarth, NASA Earth Exchange, NASA World Wind, etc. We will develop and
enforce security in a standardized manner to control access of images (e.g. public
versus confidential), along with the ability to log or track application's usage.

Plugin Development:

We plan to develop a Java image processing program for
“OpenPhotogrammetry” will run either online as an applet or can also be
downloaded. It will support all the major photogrammetric image types, such as
Tiff, JPG,MrSID and will run on mainstream operating systems, such as Microsoft
Windows, Mac OS, and Linux. It will also support multithreading, so image file
reading and processing can be completed in conjunction with other tasks. This
developed plugins will make it possible to pre-processe geospatial imagery for being
integrated into collaborative environments such as Google Earth(via KML/KMZ) and
NASA Open Wind(via Java). Image zoom capabilities and transformations such as
scaling, rotation, and flipping will also be attributes of this software. The
“OpenPhotogrammetry” software will be created using an Java built editor and Java
compiler and customized to each image repository. End-users will use their Java-
enabled Internet browser, as a client; to connect to the “OpenPhotogrammetry” server
and either download or run online the applet that we have developed. Once this has
been completed, users will be able to conduct photogrammetric processing and
collaborate over an open-source platform.

Security and Logging Enforcement

To maintain security and logging of who has access to images accessed on the
“OPENPHOTOGRAMMETRY” system, we plan to integrate the XACML [OASIS-
XACML] standard within the proposed architecture. XACML is a security standard
for XML data and will serve as a flexible and sound security solution within our
open-sourced environment.

XACML Architecture

The “OpenPhotogrammetry” XACML architecture will consists of the following
entities:

e PEP - Policy Enforcement Point

o Responsible for enforcing policies based on authentication of users and their
respective authorization to access information/services. The PEP describes
who/what/when/where is being accessed to the PDP for a confirm/deny response.

e PDP - Policy Decision Point

o Responsible for making admission control and policy decisions in response
to the request from the PEP in regards to the policy store.

e PIP - Policy Information Point



o A storage point of the policies that will be accessed by the PDP when
making a decision.

Decision Mechanism
The XACML PDP has three main contexts. The three are policies, requests and
responses. All three of these are classified in XML format.

The rule evaluations used within the PDP is the most critical part of the
“OpenPhotogrammetry”‘s XACML architecture. This request will be matched against
policies in place. This request consists of attributes which describe the event to be
evaluated, Subject, Resource, Action, (optionally) environment. For example, if a user
should have access view and make changed to confidential image, policies created
regarding this user's attributes (e.g. name, rank, employment, status, etc.) would
acknowledge these attributes and make a decision based on matching user's credentials
and attributes to those associated with the image or metadata. The response from such a
request will have a variety of values as seen in Fig. 6. e have classified the response to
three values. The first two are self-explanatory, while the third classifies requests that do
not correspond to the policy. This is useful for testing purposes and design.

Targst Condition Rule Value
“Match”™ True” Effect

“"Match” “Falze” "MotApplicable”
“Match”™ “Imdeterminate” | “Indeterminata”
“Mo-match” Don't care "Motipplicable”
“Indeterminate” | Dom't care “Indeterminata”

Table 4 - Rule truth table
Figure 6. Rule table

SAML

Security Assertion Markup Language (SAML) [OASIS-SAML] is an XML
standard for exchanging authentication and authorization data between entities. It
consists of a precise syntax and processing semantics in the form of assertions,
usually based on categories such as role-based access control (RBAC), which contain
statements that are used to make access control decisions. SAML assertions and
protocol messages are encoded in XML and are embedded in other structures for
transport, such as HTTP POST request or XML-encoded SOAP messages. End-users
will be assigned SAML attributes based on their affiliation and rank to verify their
access to confidential information.



Application Flow

When the application is launched, the end user will be directed to a web page
that we have developed and requesting their login credentials. The user will then
enter their username and password which and verified with the backend of the
software. Based on their attributes, they will be only able to access to what they are
permitted. The current system has two mains sections, the user interface which
consists of the website and the back end of the PDP. The front end and back end the
use were chosen carefully and with consideration.

The front end of choice was PHP. This was because we wanted to be able to
produce a dynamic web site. PHP provides for many security features including built
in functions for one-way hashing and other encryption algorithms. PHP also includes
a system for transparent cookie encryption. All these features and functions are part
of essentially setting up and maintaining a secure web environment.

The back end will be Java-based. Java was chosen because of its platform
independence and currently available frameworks. This framework was implemented
to allow for the correspondence between PHP and a PDP. The user interface is used
to interface with the user and the “OpenPhotogrammetry” image and metadata
repository. It can read and write request XML files. This allows for dynamic on-the-
fly requests to be formed and be prepared to be sent to the PDP. This system uses a
system call to interface with the Java backend. Then the XML response returned from
the backend will be processed.

Logging

There are many areas throughout the application that actions are logged into the
database for auditing. This is to provide a necessary means of keeping track of access
to the system and the information and images that reside on the
“OpenPhotogrammetry’s design. The following actions are currently planned to be
logged:

— Logging in

— Incorrect Password

— Meta-data access

— Image access

— User Access

CONCLUSION

Success in “OpenPhotogrammetry” development will beneficial for researchers
of ISPRS, FIG and many other research communities. Multi-year
“OpenPhotogrammetry” research and development effort has potential of being
forward-looking, integrative and transformative. “OpenPhotogrammetry” opens
opportunity for fruitful international collaborations.



References

1. [Arpenteur] ARchitectural Photogrammetric Network Tools for EdUcation and Research:
http://sudek.esil.univmed.fr/arpenteur/spip/spip.php?rubrique?, accessed February 2012

2. [Botts 2005 ] Botts, M. OpenGIS® Sensor Model Language (SensorML). OGC 05-086.
Open Geospatial Consortium Inc. http://portal.opengeospatial.org/files/?artifact 1d=12606

3. [BIAS] Basic Image Algorithms library: http://mip.informatik.uni-
kiel.de/~wwwadmin/Software/Doc/BIAS/html/index.html , accessed February 2012
4. [CATCON] Computer Assisted Teaching CONtest,

http://www.isprs.org/education/software.aspx , accessed February 2012

5. [Chen et al, 2011]N. Chen, Z. Chen, L. Di, and J. Gong, “An efficient method for near real-
time on-demand retrieval of remote sensing observations,” IEEE J. Sel. Topics Appl. Earth Observ.
Remote Sens. (JSTARS), vol. 4, no.3, pp. 615-625, Sep. 2011.

6. [Clark et al,2005] C. Clark, K. Fraser, S. Hand, J. G. Hansen, E. Jul,C. Limpach, 1. Pratt,
and A. War eld. Live Migration of Virtual Machines. In Proceedings of the 2" ACM/USENIX
Symposium on Networked Systems Design and Implementation (NSDI), Boston, MA, May 2005.

7. [Deng and Di, 2010] Deng, M., and L. Di, Facilitating Data-intensive Research and
Education in Earth Science - A Geospatial Web Service Approach. LAP LAMBERT Academic
Publishing GmbH & Co. KG, Saarbrecken, Germany. ISBN: 978-3-8383-9714-6.

8. [Di et al 2003] Di, K., R. Ma, and R. Li, 2003. Rational functions and potential for
rigorous sensor model recovery, Photogrammetric Engineering & Remote Sensing, 69(1): pp. 33—
41.

9. [Di2005] L. Di “A Framework for Developing Web-Service-Based Intelligent Geospatial
Knowledge Systems,” Journal of Geographic Information Sciences. Vol. 11, no 1, pp. 24-28.

10. [Di 2004] L. Di, GeoBrain-A Web Services based Geospatial Knowledge Building
System. Proceedings of NASA Earth Science Technology Conference 2004. June 22-24, 2004. Palo
Alto, CA, USA (8 pages. CD-ROM).

11. [Elvidge and Tuttle, 2008] , C.D. Elvidge, B.T. Tuttle “HOW VIRTUAL GLOBES ARE
REVOLUTIONIZING EARTH OBSERVATION DATA ACCESS AND INTEGRATION”, The
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences.
Vol. XXXVII. Part B6a. pp 137-140, Beijing 2008

12. [GBM] Google Building Maker - http://sketchup.google.com/3dwh/buildingmaker.html,
accessed February 2012

13. [GRASS] GRASS GIS (Geographic Resources Analysis Support System):
http://grass.fbk.eu/, accessed February 2012

14. [Grodecki, 2001] Grodecki, J., 2001. lkonos stereo feature extraction — RPC approach.
Proceedings of the ASPRS Annual Conference, St. Louis, 23-27 April, unpaginated CD-ROM.

15. [Insight3D]  Free  photogrammetric 3D  modeling  open-source  software:
http://insight3d.sourceforge.net/, last accessed January 2012

16. [LDP] Learning Digital Photogrammetry web-site: http://Idipinter2.plan.aau.dk/, accessed
January 2012.

17. [Levin et al, 2010] E. Levin, R. Liimakka, A. Leick, “Implementing a New Geospatial
Educational Paradigm at Michigan Tech” Surveying and Land Information Systems, Vol.70, No 4,
pp 211-216, Dec 2010

18. [Lillesand et al, 2000] Lillesand T., Olsen T., Gage J., McEnany P., "New paradigm, new
approaches: restructuring geo-spatial information education and training in a traditional research
university settings.” International Archives of Photogrammetry and Remote Sensing, Vol. XXXIII,
Part B6, Amsterdam 2000.

19. [Longley, 2002] LONGLEY, P.A., 2002, Geographical information systems: Will
developments in urban remote sensing and GIS lead to ‘better’ urban geography? Progress in
Human Geography, 26, pp. 231-2309.



http://sudek.esil.univmed.fr/arpenteur/spip/spip.php?rubrique7
http://portal.opengeospatial.org/files/?artifact_id=12606
http://mip.informatik.uni-kiel.de/~wwwadmin/Software/Doc/BIAS/html/index.html
http://mip.informatik.uni-kiel.de/~wwwadmin/Software/Doc/BIAS/html/index.html
http://www.isprs.org/education/software.aspx
http://grass.fbk.eu/
http://insight3d.sourceforge.net/
http://ldipinter2.plan.aau.dk/

20. [B. Read] Berkeley Researchers Develop Technology for Sending Medical Images Via
Cellphones http://chronicle.com/blogs/wiredcampus/berkeley-researchers-develop-technology-for-
sending-medical-images-via-cellphones/3891 , accessed March 2012

21. [L. Rodney Long] Transmission of Medical Images over Wide Area Networks:
http://www.nlm.nih.gov/research/visible/vhp_conf/long/vh96.htm , accessed March 2012

22. [LIN] http://www.linkedin.com/groupsDirectory?results=&sik=1330223055536

23. [NASA OpenSource ] http://ti.arc.nasa.gov/opensource/, accessed March 2012

24. [NEC] http://www.nsf.gov/geo/earthcube/ , accessed March 2012

25. [NEX] https://c3.nasa.gov/nex/ , accessed March 2012

26. [OASIS-XACML] OASIS Standard. “Extensible Access Control Markup Language
(XACML), Version 2.0”. United States. 1 Feb 2005

27. [OASIS-SAML] OASIS Standard. “Assertions and Protocols for the OASIS Security
Assertion Markup Language (SAML), V2.0”. United States. 15 Mar 2005

28. [OGC] http://www.opengeospatial.org/, accessed March 2012

29. [OpenDragon] OpenDragon project web-page http://www.open-
dragon.org/open_object.html, accessed February 2012
30. [PHT] Python Photogrammetry Toolbox http://www.arc-

team.com/wiki/doku.php?id=open_software ppt-qui, accessed January 2012

31. [Petrie] Dr. Gordon Petrie Web-Links Database available online at:
http://web2.ges.gla.ac.uk/~gpetrie/linksdb.html, accessed February 2012

32. [SPE] StereoPhotogrammetry Extractor : https://launchpad.net/stereophoto

33. [Toutin, 2000] Thierry Toutin and Philip Cheng, “Demystification of IKONOS,” GIM
Magazine, no 3, pp. 3-12, 2000

34. [Worldwind] http://goworldwind.org/features/

© E. Levin, G. Hembroff, 2012


http://chronicle.com/blogs/wiredcampus/berkeley-researchers-develop-technology-for-sending-medical-images-via-cellphones/3891
http://chronicle.com/blogs/wiredcampus/berkeley-researchers-develop-technology-for-sending-medical-images-via-cellphones/3891
http://www.nlm.nih.gov/research/visible/vhp_conf/long/vh96.htm
http://www.linkedin.com/groupsDirectory?results=&sik=1330223055536
http://ti.arc.nasa.gov/opensource/
http://www.nsf.gov/geo/earthcube/
https://c3.nasa.gov/nex/
http://www.opengeospatial.org/
http://www.open-dragon.org/open_object.html
http://www.open-dragon.org/open_object.html
http://www.arc-team.com/wiki/doku.php?id=open_software_ppt-gui
http://www.arc-team.com/wiki/doku.php?id=open_software_ppt-gui
http://web2.ges.gla.ac.uk/~gpetrie/linksdb.html
https://launchpad.net/stereophoto
http://goworldwind.org/features/

VK 528.91
ANHAMUYHBLIE T'MC U LEHHOCTb rEOAAHHbIX

Hpuna Bemuyeno

Intergraph Security, Government & Infrastructure (SG&I), CH-9435, XeepOpyrr, IlIBeitmapus,
pETHOHABHBIN MEHEKEp HampaBlieHus 1Mo padboTe ¢ reogaHHsiMu B Boctounoit EBporne, Tem: +41
71 727 40 17, wmoOunbnbii: +41 79 826 50 84, dakc: +41 71 727 46 91, e-
mail: iryna.wetzel@intergraph.com

Kommnanus ERDAS Bmecte ¢ komnanueii Intergraph Bxoaur B rpynny kommanuii Hexagon
AB, HIeerus. OcHoBHOl (okyc Hexagon HampaBieH Ha IOCTaBKY IIOJE3HOH HWH(OpMaIuHy,
UCIOJIb3YSl TEXHOJIOTMU U3aiiHa, U3MEPEHUHN U BU3YaJIU3aLIUH.

KuroueBbie caoBa: nuHamuusble ['MC, reojaHHble, CEpBEpHbIE TEXHOJOTWMHU, B3aUMHAas
WHTerpamnus reoganueix, cranaaptel OGS u 1SO.

THE DYNAMIC GIS AND THE VALUE OF GEOSPATIAL

Iryna Wetzel

Intergraph Security, Government & Infrastructure (SG&I), CH-9435 Heerbrugg, Switzerland,
Geospatial Regional Manager Eastern Europe, tel: +41 71 727 40 17, mobile: +41 79 826 50 84,
fax: +41 71 727 46 91, e-mail: iryna.wetzel@intergraph.com

Together, Leica Geosystems, Intergraph and ERDAS provide hardware and software tools to
form the Dynamic GIS, from capturing, managing, sharing, and delivering data to transforming
vector, raster, and terrain information and securely delivering integrated information products. An
integrated geospatial system, the Dynamic GIS is able to translate change, on the fly, into actionable
information.

Key words: dynamic GIS, geospatial information, location-specific data, server technologies,
data fusion, standards Open Geospatial Consortium (OGC®) and International Organization for
Standardization (1SO).

The Hexagon group of companies provides a multitude of software, including
enterprise engineering software, geospatially powered software, surveying and
construction software and dimensional metrology software packages.

Intergraph® 1is the global provider of engineering and geospatial software that
enables customers to visualize complex data. Businesses and governments rely on
Intergraph’s industry-specific software to organize vast amounts of data and infuse
the world with intelligence to make processes and infrastructures better, safer and
smarter. The company’s software and services empower customers to build and
operate more efficient plants and ships, create intelligent maps and protect critical
infrastructure and millions of people around the world. Intergraph Security,
Government & Infrastructure (SG&I) provides geospatially powered solutions to the
public safety and security, defense and intelligence, government, transportation,
photogrammetry, utilities and communications industries. Intergraph Process, Power
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& Marine (PP&M) provides enterprise engineering software for the design,
construction and operation of plants, ships and offshore facilities.

ERDAS creates geospatial business systems that transform our earth's data into
business information, enabling individuals, businesses and public agencies to quickly
access, manage, process and share that information from anywhere. Using secure
geospatial information, ERDAS solutions improve employee, customer and partner
visibility to information, enabling them to respond faster and collaborate
better.ERDAS offers a broad range of geospatial information technology software,
delivering solutions in image exploitation, processing, visualization and data
management. ERDAS’ solution set include automated capabilities and functionality
built into the system, visualization and delivery, vector editing and topology and Web
services, to name a few.

Information about the earth, or geospatial information, is increasingly being
used to drive critical decisions in organizations of all sizes. Snapshots of geography
can be captured from airborne, orbital, terrestrial, or hand sensors and saved as a
permanent record of events happening on the earth’s surface. When the earth changes,
the ability to understand these changes and rapidly share this information can be
critical. Integrating geospatial information with the other forms of data an
organization maintains adds immense value. In time-critical situations, frequent
updates are not enough. As search engines have drastically improved, the ability to
find information has advanced from merely quick to instantaneous. Moreover, the
advent of blogs and social networking sites has made it easier to publish, share, and
view information as events are occurring. Individuals have the ability to do more than
just report coordinates or capture an image — eyewitnesses now provide live feeds of
event-specific, time-specific, and location-specific information about our changing
world.

We can sense the real world around us — from space, the air, and the ground.
With advances in technology, we can also make sense of captured data with clever
algorithms for data fusion, feature extraction, and integration with business
intelligence. Storage, database, and server technologies now support the handling of
large volumes of data, making it possible to natively use geospatial data in its raw
form and leverage the depth of information available in all these sources. Advances in
mobile computing and technology extend the use of geographic data and information,
empowering billions of individuals to be publishers and users of location-specific
data and information. Cloud-enabling geospatial applications and platforms further
extend the reach of these tools to users beyond the traditional GIS, remote sensing,
and photogrammetric arenas. With standards from organizations like the Open
Geospatial Consortium (OGC®) and International Organization for Standardization
(ISO), we now have the means to achieve true interoperability across domains to
provide a common language for understanding our earth. Combining the strengths of
Intergraph, ERDAS, and Leica Geosystems technologies, Hexagon now offers the
industry’s most comprehensive set of geospatial solutions, aligning all the vehicles
necessary to make the Dynamic GIS a reality by completely connecting sensors to
software and software to solutions (through specific vertical market services)
ultimately provides a means to protect lives, infrastructure (property), and society.



Leica Geosystems' and Z/I Imaging's technology capture terabytes of imagery that
can be used to create and extract valuable geographic information. ERDAS has a
legacy of pioneering in image processing and raster handling, maximizing the pixel.
Intergraph built a vector-based strategy to build land bases and databases of
geospatial intelligence and provides differentiated and vertically-focused software
solutions to core industries that use geospatial data. The Dynamic GIS supports the
complete geospatial information lifecycle.

JAAHAMMWYHBIE TUC U HEHHOCTb I'EOJAHHBIX

Texnonornn Hexagon mO3BOIAIOT IOJIB30BATENSAM CO34aBaTh, YIPABIATH U
OOMEHUBAThCS TOJE3HOM WHGOpPMAIMEl - OCHOBBI ISl TPHHATHS OBICTPBIX,
MIPOAYMaHHBIX PEIICHUN YIPaBICHUYECKOTO YPOBHS 3a CUET MCIOIb30BAaHUS JTaHHBIX
U3 CaMbIX pa3au4HbIX UCTOUYHMKOB. Hexagon AB 3To kOHIIEpH, pa3palaThIBAIOIIMIA
BBICOKME TEXHOJIOTHMH, B KOTOpBIX 3aHATO mopsiaka 2000 pa3paOOTYMKOB U MMEET
2100 3aperucTpupOBaHHBIX U AKTHUBHBIX NareHTOB. [Ipogaxu ocymecteisitorcs B 170
cTpa”ax. Pa3BuBaromuecs pbIHKH cOCTaBISAIOT 30 MPOLEHTOB OT BCEX MPOJIAXK.

NHTerpupoBaHHbIE  CHUCTEMBI  TE€ONPOCTPAHCTBEHHBIX  JIaHHBIX —  WJIHU
auHamuuHble [IC cuctembl — cOCOOHBI TpaHCIMPOBAaTh M3MEHEHHs Ha JIETY B
NOJIE3HYI0 HH(pOpManuo. OTH CHCTEMbl NPEIyCMaTpPUBAIOT HAJIWYUE B OJHOU
TEXHOJIOTMYECKON IEMOYKe OOPTOBBIX CHUCTEM AJisi cOOpa JaHHBIX B KOMOMHALIUU C
MPOrpaMMHBIMH MPOJYKTaMHU JIJISl UX MOCeAyIoeid 00pabOTKH U yIIpaBiIeHUs] HUMHU.

Nudopmarust 0 3eMHOIM MOBEPXHOCTH WJIM T€OMPOCTPAHCTBEHHAS! MH(MOPMALIHS
BCE yalle U B OOJbIICH Mepe HCIONb3yeTCs] KaK OCHOBA JUIsl IPUHSTHS KPUTHUYECKU
BOXHBIX pEUICHUH B OpraHuzamnusx Jo0oro ypoBHs. PerymsapHwii cOop u
perucTpanus AaHHBIX JUCTAHUMOHHOTO 30HAMPOBAHHUSA, MOJYYEHHBIX C CEHCOpPOB
BO3JYIIHOTO M OpOUTANIbHOTO Oa3upOBaHMs, HA3EMHBIX CHCTEM MWJIM JATYUKOB,
MO3BOJISIIOT (PUKCHUPOBATh UHGPOPMAIIUIO 00 M3MEHSIOMIMXCS 00bEKTaX MECTHOCTU U
IIPOTEKAIONIMX HA HEW rmpoueccax. Takue U3MEHEHHS MOTYT IPOHUCXOAUTH
YpEe3BbIYANHO OBICTPO, MOATOMY HAJIMYUE aKTyallbHBIX JAHHBIX, & TAKXKE CKOPOCTh U
3(pPEeKTUBHOCTh NPEJOCTABIEHUS JOCTyMa K HHUM CO CTOPOHBI IOJIb30BaTeNen
CTaHOBUTCA Bce 0oJiee KpUTUUHBIMU. BO3MOXXHOCTh MHTETpalliy MPOCTPAHCTBEHHON
uHDopmMariu ¢ JPYTUMUA  BUJAMU  CEMAHTHUYECKUX,  OIMHUCATEIBHBIX |
WJUTIOCTPATUBHBIX JTAHHBIX BHYTPU OpraHU3AIMU MPUIAET UM HEOUEHUMOE 3HAUCHHE
3a cyeT obecrneyeHuss THPOPMALMOHHOM MOTHOTHI MPOLECCa MPUHATUS PEILICHUM.

B KecTko OrpaHMYeHHBIX MO BPEMEHU KPUTHUECKUX CHUTYyallMsIX, YacTas
akTyanuzanus uHbopMmauuu HenoctarouHa. COBpEMEHHbIE MOUCKOBBIE MAlllMH U
BBITIOJIHAIOT 33J]aud MOUCKA YXe He MPOCTO ObICTpo, a MrHoBeHHO. Kpome 3toro,
MOsIBJIeHHE OJIOTOB M COLMAJbHBIX CeTeM oOneryunaum mnyOnuKamuio, OOMEH W
MPOCMOTP UH(MOPMAIIUU O COOBITHSIX.

N3menenuns: JOMKHBI OBITH OBICTPO 3a(UKCHPOBAHBI Ha CHUMKAX, TEPEIaHBI
3aKa34MKy U CKOMOWHUPOBAHBI C JAPYTUMH JAHHBIM IO COOBITHIO MPEACTABIsAA €€
MaKCUMaIbHO HH(POPMATUBHYIO KaPTHUHY.

Bospacraromuii cripoc Ha CMEXKHBIE TPUIIOKEHMS YBEIWYMBAECT LEHHOCTH
pacTpoBbIX M BEKTOpHbIX  JaHHbIX. [UC, uHXeHepHbIE  MNPUIOKECHHUS,
dororpammetpus u [I33 MOryT TONBKO YacTMUYHO B CHIIy CBOEM MPUPOABI



Pazo0paThCs B MPOUCXOIAIIEM B TaHHOM MecTe. COoXpaHssi pa3IMdHbIe BUBI TAHHBIX
C Pa3IMYHOM CTEMEeHbIO TOUHOCTH, PA3IMYHOTO MacIITaba, B HECOBMECTUMBIX CXeMax
JAHHBIX I8 paOOThl B Pa3IMUHBIX HECOTIACYEMBIM MEXIYy COOOW MPHUIOKEHUSX,
yMeHbIaeT 3PPEeKTUBHOCTh UX UCTIOIB30BaHUS.

C pa3BUTHEM TEXHOJOTHUMA, MBI MOXKEM JIy4YIlle TOHSTh JaHHBIC, HMCIOJb3Ys
YMHBIC aJTOPUTMBI U CIAUSHHS JaHHBIX, BBIJEICHUSA [0 IPU3HAKaM, a TakXKe
UHTETPUPYS JaHHbIC B OU3HEC-aHATUTUKY. XpaHUIUIIA, 0a3bl JaHHBIX U CEPBEPHBIC
TEXHOJIOTUW TOAJCPKUBAIOT 00pabOTKy OONbIIUX OOBEMOB MAaHHBIX, YTO JEIacT
BO3MOXXHBIM HCITIOJI30BaTh JaHHBIC B WX HCKOHHBIX (opMarax, TaKUM 00pa3oM
MaKCHUMAaJIbHO TIPUOIM3UTHCS K UCTIOIB30BAHUIO BCEH TITYOMHBI HCTOUYHHKA TAHHBIX.

OO6naka TOYEK TO3BOJIAIOT €IIe OOJIbIE PACHIMPUTh KPYyT IOJIh30BaTENeH 3a
npenenamu  TpaguuuoHHbix  [MC,  AMCTaHUMOHHOrO  30HAWPOBAHUSA U
¢dotorpammerpun. biarogapst ctanaapram, TakuMm kak Open Geospatial Consortium
(OGC ®) m MexnyHaponHoi opranu3anuu 1o crangaptusanuu (ISO), mosBHIMCH
CpeacTBa Il JOCTHIKEHUS MCTUHHOTO B3aMMOJICUCTBUS MEXTY JTOMEHAMH, YTOOBI
obecneunTh OOIINH S3bIK JIJIs1 TOHUMAHHMS IIPOUCXOISIIETO Ha HAIIICH 3eMIIe.

© |. Wetzel, 2012
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enhancing and protecting life, infrastructure and property.
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ERDAS and Intergraph® are unveiling plans for streamlined geospatial data
revision and update workflows in ERDAS IMAGINE® and Geomedia®. Part of
Hexagon AB, ERDAS and Intergraph are working together to leverage joint strengths
in geospatial innovation. Continual, accurate and timely updates to GIS and CAD
databases are critical, enabling decision-makers to access current and relevant
information. With a new Live Link users can simultaneously work within ERDAS
IMAGINE and GeoMedia to collect and update new information about the changing
earth. Intergraph and Erdas are a wholly owned subsidiaries of Hexagon AB, (Nordic
exchange: HEXA B) and (Swiss exchange: HEXN).

Between those working with a rigid and technically demanding desktop GIS and
a static light-weight browser-based GIS, there exists a large potential for new
applications accelerating the business workflow and igniting the power of the GIS.

Intergraph Security, Government and Infrastructure - SG&I recently announced
the release of a GeoMedia® Smart Client 7.0. GeoMedia® Smart Client makes an
organization progressive, enabling all users to seamlessly integrate geographic
changes into customized workflow. End users are able to leverage advanced
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geospatial functionality via simple-to-use map-based tools, streamlining their
processes and honing their expertise. These vibrant geospatial business workflows
provide a level of sophistication not supported by legacy out-of-the-box horizontal
software products. With GeoMedia® Smart Client, workflow optimization and
intuitive web editing becomes a reality embraced across the organization. Moreover,
the organizations can create a single deployment that can be configured for an
unlimited number of applications. Geographic changes are easily and interactively
implemented across an enterprisewide smart GIS, seamlessly integrating into
configurable workflows. Users from multiple departments can now leverage
advanced geospatial functionality via simple-to-use map-based tools, streamlining
their processes and honing their expertise. Now, a broader group of individuals (and
departments) across an organization can create data, maps and reports for their
projects, rather than having to rely on a GIS specialist or outsource this work.

Live Link connects GeoMedia® and ERDAS IMAGINE®. For the first time, users
can leverage GeoMedia's rich set of vector handling tools and ERDAS IMAGINE's
raster capabilities to support synchronized data sharing, viewing, editing, updating, and
analysis. Users can now enjoy truly connected image processing and GIS products from
a single provider, not only simplifying purchasing and maintenance, but also providing a
stronger, more streamlined geospatial workflow. With this new capability, end-users can
integrate comprehensive spatial information and technology with business systems and
applications to simultaneously strengthen their responsiveness to customers with a
holistic view of a given geography. GeoMedia is a powerful GIS management package
that enables users to realize the maximum value of their geospatial resources, integrating
them into present clear, actionable information. ERDAS IMAGINE incorporates
geospatial image processing and analysis and remote sensing capabilities into a single
powerful, convenient package. Now connected, users can leverage these two products
together, integrating accurately processed imagery and terrain data from ERDAS
IMAGINE for critical GIS and CAD updates, along with GeoMedia's comprehensive
toolset for managing and analyzing GIS resources.Within ERDAS IMAGINE, users
have access to a sophisticated set of assisted feature collection capabilities and
quantitative image processing that supports change detections and the extraction of
details about the earth, such as land cover, vegetation health and impervious surface
information.

The new release ERDAS IMAGINE 2012 will be introduced during the product
launch party in Las Vegas at the annual User Conference of HEXAGON June 3-7.
The new features will be demonstrated which are designed specifically to support the
LiDAR data.

The Point Cloud Tool will be integrated into the Erdas ribbon interface. ERDAS
IMAGINE 2012 will have a 3D window, and profile views. The operator will be able
to select the color by elevation, classification, returns, file, RGB, intensity and hill
shade as well as profile box that can roam along a vector that may define a power line
corridor. The roam is controlled by the roam set. The operator will have a measure
tool to make measurements in the profile window. The normal measure tool will work
in the 2D window. There will be a set of operators like constant Z for lakes, Bias for
forest removal and we will allow the user to select points and re class them. We are
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also adding more LAS capabilities to the terrain Tab to include reprojecting, filtering,
RGB encoding and classification.

The product Give a Hint! is a simple reporting of potholes, broken sign posts,
graffiti etc. to municipalities and utility companies. Using Give a Hint! application
the citizens help municipalities and utility companies to identify the problems and
can focus on solving the problems instead of identify them. It works on both - i0OS
and Android devices. The backend is running in Amazon’s EC2 cloud.

IPEJICTABJIEHUE OBHOBJIEHHOM JIMHEMKH TITPOAYKTOB
ERDAS U INTERGRAPH

Komnanust ERDAS BMmecTe ¢ kommanueid Intergraph Bxoaut B rpyIimy KOMITaHUIA
Hexagon AB, IlIserusi.

OcHoBHOl (okyc Hexagon HampaBiieH Ha MOCTaBKY IMOJe3HOM uH(opMaiuu,
WCIIOJIb3YSl TEXHOJOTUMHU JU3aiiHa, U3MEPEHUN M BH3yalu3alud. Takue TEXHOJIOTUH
MO3BOJISIIOT MOJIb30BATENsIM CO3/1aBaTh, YIPABIATh W OOMEHUBATHCS IOJIE3HOU
uHopmalel - OCHOBBI JIJIi TPUHATHS OBICTPBIX, MPOIYMAHHBIX PEIICHHMA
YIPaBICHYECKOTO YPOBHS 32 CUET HCMOJIb30BAHUS HAHHBIX W3 CaMbIX Pa3JIMYHbBIX
uctouHukoB. Hexagon AB 3T0 koH1IepH, pa3pabarbIBatonMii BBICOKUE TEXHOJIIOTHUH, B
KOTOpPBIX 3aHATO mopsiaka 2000 paspadorunkoB u umeeT 2100 3aperucTpupoBaHHBIX
U aKTUBHBIX MarteHToB. [Ipomnaxku ocymectpisatorca B 170 crpanax. Pa3BuBaromuecs
PBIHKHU cOCTaBISAIOT 30 MPOLIEHTOB OT BCEX MPOAAK.

[Toapaznenenue Intergraph Security, Government & Infrastructure - SG&I (B
JIOCIIOBHOM  TiepeBoje  o3Haudawomiee  bezomacHocts,  IIpaBuTenscTBO M
Nudpactpykrypa) - Beaylldid MHUPOBOM NPOU3BOAMTENb TI€ONPOCTPAHCTBEHHBIX
pEelIeHM 11 TaKUX OTpacieil Kak: oOlecTBeHHas: 0€30MacHOCTb, TOCYAapCTBEHHOE
M MYyHULUIIAJIBHOE YINpaBJIEHUE, TPaHCHOPT, (OTOrpaMMETpPHUs, HHKEHEPHBIE
KOMMYHUKAIINU, TEJTEKOMMYHUKALIUH.

[TporpammHbIe peleHus ERDAS MIOMOTAIOT TpaHc(hOpMHUPOBATH
reONpPOCTPAHCTBEHHbIE JaHHbIE B KOMMEpPYECKYyI0 MH(OpPMALMIO, HCIOJb3Ys
nporpammubie npoayktel ERDAS IMAGINE & LPS, ERDAS APOLLO & TITAN
Ul HAQJEKHOTO  CO3JaHUs, MEHEIKMEHTa, COEAMHEHUS ¢  MyOIHUKauu
reonpoCTPaHCTBEeHHON MH(OpManuu. be3 3arpar Ha JONOJHUTENbHBIC allllapaTHbIC
cpenctBa, ERDAS nomoraet pemmTh 3a7auu Jerko ¥ ObICTPO:

AHanu3 1 00paboTKa CHUMKOB (PacTpOBBIX, J1a3€PHBIX, paJJapHBIX U T.1I.)
doTorpamMmmeTpuueckas 00padboTka JaHHBIX

MeHeKMEHT TaHHbBIX JIIOOBIX OPMATOB U CTAaHAAPTOB

OOMeH TaHHBIMU HACTOJIBHBIX PUIJIOKEHUN 1 oTpucoBKa B 3D
[TyOnukanust JaHHBIX U U300paKEHU I

Bricokuii ypoBEeHb 3aIIUThI JAHHBIX TPU COXPAHEHUH aBTOPCKUX IPaB.

&E&&6866

[Tompasnenenue Intergraph Security, Government and Infrastructure - SG&I
oobsBuna o Beimycke GeoMedia Smart Client 7.0. Opranm3anuu Tenepp MOTYT
JAUHAMHWYHO 3allyCKaTb MW HUCIOJIb30BaThb CBOU FI/IC, 9qTO ITIO3BOJIMT BCEM
MOJIb30BATENsIM OOBENIMHATh W3MEHEHUS B €IUHBI KOHPUIypuUpyeMblid padounii
npouecc. Ilonp3oBareny MOTyT HCHONB30BATh MEPEAOBHIE TEOMPOCTPAHCTBEHHBIC



TEXHOJIOTUU W ONTUMHU3UPOBATH MPOIECCH C TMOMOIIBIO MPOCTHIX B MCHOJIb30BAaHUU
KapTorpa@uueckux  MHCTpyMEHTOB.  OnTuMmuzanusi  JOKYMEHTOOOOpoTa U
UHTYUTUBHO  TIOHSATHOE  web-pemakTupoBaHHe  CTaeT  PEAIbHOCTBIO  TIpU
ucnonb3zoBannu GeoMedia Smart Client. [IponykT mocTyneH s CKaduBaHMS.

B xone 1X-oit Mexaynaponnoit BeictaBk GeoForm+ 2012 xommanust Intergraph
NPOJIEMOHCTPUPOBAJIa €IUHOE pellleHue Ha 0a3e CBOMX TEXHOJIOTHM - HOBBIA MPOMYKT
Live Link, oowemunsronuii Intergraph GeoMedia u ERDAS IMAGINE. C nomortipio
Live Link momp30BaTei MOTYT OOBEAWHHUTH BO3MOKHOCTH JIByX IPOIYKTOB:
GeoMedia, mpenHa3HadeHHOTO 1JIsi paboThl ¢ BekTopHOW Trpaduxoii, 1 ERDAS
IMAGINE, opueHTHpOBaHHBIM Ha pabOTy € HMCXOJHBIMH PACTPOBBIMHU JAHHBIMH.
Takke BO3MOKHA CHUHXPOHHM3ALMS 3THX MPOAYKTOB Il  BHU3YyaJW3allWH,
pedaKkTUpOBaHUs U OOHOBJIEHUS HUH(pOpMalMu. braromapsi HOBBIM BO3MOXKHOCTSIM,
MOJIB30BATENM CMOTYT HMHTETPUPOBATh PA3JIHMYHBIE [aHHBIE B CBS3aHHBIE IPYr C
JPYroM MPOAYKTHI 1Jisi 00paboTku u3o0paxkenuit u st paborsl ¢ ['UC ot ogHOrO M
TOTO >K€ MOCTABIINKA, YTO HE TOJIHKO YIPOIIAET 0OCIyKHMBaHUE, HO U 00eCIeunBacT
00J1ee MOIIHBIN U HaJTAXKEHHBIN PEKUM paOOTHI.

3arutanupoBaHHas kK puwin3dy HoBas Bepcuss ERDAS IMAGINE 2012
MIPEIOCTaBUT HOBbIE BOBMOXXHOCTH MO 00paOOTKE JAHHBIX, B YACTHOCTHU JIa3€PHBIX.
Punu3 HOBOM BepcuU COCTOMTCS B paMKaX €XKeroHON KOH(GEpPEHIUHU MOoIb30BaTeNIeh
Hexagon, kotopas OyneT npoxoauTts B Jlac Berace ¢ 3 o 7 urons 2012 r.

Nuctpyment pabotel ¢ obmakamu Touek ‘‘Point Cloud Computing” Oyaet
MOJIHOCTBIO MHTErpupoBaH B JieHTOuHbI uHTepdeiic ERDAS IMAGINE 2012 B
CaMOCTOSITEJIbBHOM PETUCTPE, C MOMOILBIO KOTOPOTO CTAHET BO3MOXHBIM MPOCMOTP
Ja3epHBIX JaHHBIX B OKHE 3D, a Takxke npocMoTp npoduieil B OTAEIbHBIX OKHAX.

B ERDAS IMAGINE 2012 Oyner n00aBieHO HECKOJBKO HOBBIX (YHKIUH B
peructpe penbeda, BKIOYas MOBTOpHOE mpoenupoBanue LAS - (aitnos,
¢dbunwsrpanus, konupoBanue RGB, knaccudukanus, c:xatue 1 MHOTOE JIPyroe.

B ERDAS APOLLO 2011 mnonb3oBarens yXe HMMEET BO3MOXKHOCTh
yCTaHaBIMBaTh NIPOoCcMOTp sl LAS — aqupekTtopuu, U3BJIEKaTh HYKHbIE METalaHHbIC
u3 LAS — ¢aiina, a Takke reHepupoBaTh BCIIOMOTATEIbHBIN (haliil MOBEPXHOCTEH
(GeoTIFF umn IMG) nns xaxnmoro otnensHOoro LAS - daitma. Jlamee LAS — daiin
MOXKET OOCITY’)KMBAThCSI Ha yTAJICHHOW KIMEHTCKON cTtopoHe kak WCS mpu momoriu
texHonoruu “Clip, Zip, Ship” u T.1.

Give a Hint! — IToxacka3ka! — 3T0 pellleHHe Ha OCHOBE OOJAYHBIX CEPBHCOB U
MOOWIBbHBIX — mpwioxkenuid. Ilpencrabnsier cobod  mpocToe  pelieHwe IS
MHOOPMHUPOBAHMST AIMUHUCTPALIMM MYHHUIIMIIATBHBIX OOpa30BaHMM, JOPOXKHBIX U
KOMMYHQJIBHBIX ~CIy’)KO O MEJKUX HHIMACHTaX (Hepaborarommii  cBetodop,
HECaHKIIMOHUPOBAaHHAs CBajiKa Mycopa M T.II.) Ui cMapTPOHOB B CBSI3KE OOJIAUHBIM
pemienneM Intergraph Apps & Maps. Hacenenuwe momMoraer omepaTMBHO BBISBIISTH
Menkre MHIUAEHTHI. CyObl KOHIIEHTPUPYIOTCSI Ha YCTPAaHEHUH WHITMICHTOB, a HE Ha
UX TOUCKE U BBISIBJICHUM.

© |. Wetzel, 2012
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The existing second order levelling network in Mongolia, its densification, adjustment, data
updating and analysis are considered. This network is used for study of vertical crustal deformation.

Key words: levelling network, analysis, densification, adjustment, loop closure, data
updating, map, vertical crustal deformation.

1. Background

The 2™, 3" and 4" order levelling Network of Mongolia was established during
1940-1949 for the purposed of mapping Mongolia at the scale of 1:100 000. Thus it
was the first vertical control network of Mongolia.

This network was connected to 6 points of the second order-levelling network of
Russia. The six Russian points were used as the starting point of the Mongolian
network and were based on the level datum of Footstock in the Baltic Sea. The
orthometric height method was adopted to calculate the first levelling network of
Mongolia. The levelling equipment accuracy used for this survey was 3°°.84-11"".40.

The first Levelling Network of Mongolia is shown in Fig.1.

The State Administration of Geodesy and Cartography (SAGaC) did a review
and extended the existing leveling network in a period of 1974-1991. The proposal to
make the Levelling Network densification, to update the old levelling data and to
study the vertical crustal movements was undertaken in 1974-1991.
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Between existing levelling points new points were established, which increased
the number of lines to the network, and thus reduced the size of existing polygons
and increased the number of levelling polygons.

Below in table form is figure information that explains this further.

Table 1.

Second order levelling networks

Order Character of levelling network First Re-levelling
1 Number of the route 46 51
2 Number of the polygons 13 17
3 Average perimeter of polygon 1200 km 1000 km
4 Average distance between neighboring benchmarks
7-10 km 4.5-7.5 km
5 Average distance between control ground points
70-150 km 57-75 km
6 Average depth of benchmarks 1.3-20m 1.5-39m

The total length of the Re-Levelling Network is 14030.5 km and the network
comprises 3039 control ground points and benchmarks in total.
The second order Re-Levelling Network of Mongolia is presented below.



Figure 2. The second order Re-Leveling Network

2. Technology and Equipment of field survey for Second Order Leveling
Network

Two Russian Surveying Regulation were used during survey. One is the
“Regulation of the 1% 2d, Srd, 4" order Levelling Network™ and the other is the
“Regulation of the adjustment for the 1%, 2%, 3", 4™ order Levelling Network.

The requirements of the specification are as follows:

— Forward and backward leveling for the same route must be survey at
different time of the same day. l.e. if forward levelling survey was done in the
morning, the backward levelling survey was to be done on the afternoon of that same
day. The permissible value of different (diff = back — fore) between both levelling is
+5vL km.

— Use the following formulas to calculate random and systematic error of
levelling of 1 km line.

1 (d? 1 (g?

e 8= o | [1]
8n | r 4IL] | L

Where:

n —number of station position in the route

d - difference of forward and backward direction levelling data
L — route distance

S — value from chart, which is related to “d” and “L”.

— The permissible misclosure of levelling error in route and polygon is
+5vL km.

3. Analysis of second order Levelling Network
Formula [1] was used to determine random and systematic errors of the new
data (1974-1991).



The permissible value of those errors are for random error n = 1.25 mm, and for
systematic error 6 = 0.15 mm in Mongolia.

The gravimetric correction to be applied to the spirit-leveled height differences
Is called the orthometric correction that compensates for the nonparallelity of gravity
equipotential surfaces.

Gravity was measured on all 2™ order levelling network points. By using those
gravity results, the corrections of normal orthometric heights for all points were
calculated using the formula as shown.

f=-(Yok~Yoi) *H/Ym+ (9-¥)m *Nik/vm [2]
Where:
Ym — approximately value of normal gravity, which is equal to 981000
mGal for whole territory of Mongolia.

Yok:Yoi — NOrmal gravity of bench marks K and I on the ellipsoid.
H.,— average height between bench marks K and |

g — gravity survey data

v - Normal gravity

(g-y)m — arithmetic average of anomaly gravity of bench marks K and 1.

The computation of the orthometric correction f is done iteratively, since it
involves the unknown orthometric heights.

Before the network adjustment, while carrying out pre-adjustment data
screening for second order Re-Levelling Network, we determined levelling loop
closures and route closures (Fig. 3).

The levelling loop closures for Re-Levelling Network show the following
results.

Allowable closure 53.3% of the all polygon
(polygon N° 6+9;7;8;11;13;14;15;17)
Exceed allowable closure by 2-10 cm 26.6%
(polygon N° 2; 5; 12; 16)
Exceed allowable closure by 20-30 cm  20.1%
(polygon N° 1,3,10)

The result a polygons error determines which levelling order a particular
polygon route will belong /Table 2/.
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Table 2. Loop error of levelling
Polygon Loop error Pe_rmissible Providir!g in which
N= misclosure levelling class
1 420.10 +555.84 4°
2 289.80 +373.48 3"
3 -379.50 +358.29 3"
4 1142.90 Not provide
5-9 See picture 2. 2¢
10 -450.10 | +688.74 4°
11-17 See picture 2. 2°

Pre-adjustment data screening techniques are mainly based on the examination
of condition equation misclosures together with the experiences and intuition of the

surveyors.

4. Least squares network adjustment
Net adjustment of new data (1974-1991) for second order Leveling Network

using “Nivelir” software.

The new data of second order levelling network was adjusted using the “Nivelir”
software in 2000. Mr. B.Enkhbaatar was the programmer of the ‘“Nivelir” software,
whiles working for “MobiCom” corporation. This software based on the parametric
method, which is one of least square methods.



The number of station position in line levelling or distance line levelling
determined weight measurement. Following formula is:
C. C.
P= o or P= T [3]
c—constant number, It is choose ¢ = 1 in calculation.
n-number of station position in the levelling route.
L-distance of levelling route, by kilometer.

For the 1974-1991 re-levelling project, it was instructed that the 6 Russian
levelling points would be the starting points of re-levelling. Those same points were
used as the starting points for the 1945-second order Levelling Network. The loop
error of the resulting survey that consists of the Russian and Mongolian levelling
route was 1 meter, which is not acceptable as per specification used.

Given the huge loop error for the said survey, the new data of second order
Levelling Network survey adopted the gravimetric point 0012 Arvaikheer Province as
the vertical datum since it was established by high accuracy GPS technology.

Given the loop error of levelling in table 2, the adjustment shows that the
levelling route polygons in the central and eastern part of the territory were accurate
to second order levelling whilst the levelling route polygon on the western part of the
territory were accurate to third order leveling (Figure 3).

Error of mean square in 1-km levelling route calculated following formula is:

(a) (b)

_ M. _c. _# Il _c.
m=-E; by P=T; and m +\/E\/;’ by P=—; [4]
Where:

u- Error mean square of unit weight,

n = N[PV?]/z-u;

z - number of line in network levelling,
u - number of intersection point,

V — correction from calculation,

The resulting adjustment indicated that mean average square error of levelling in
1 km line was +6 mm in the second order and +10.1 mm in the third order Re-
levelling Network.

| took part in re-network adjustment using new data (1974-1991) and Japan
adjustment software “Lev-3".

Its purpose was to check on the accuracy and quality of “Nivelir” software
results for first net adjustment, also analysis and confirm to it.

The “Nivelir” software result of the net adjustment for the re-levelling new data
(1974-1991) was not accepted and restricted for public use related to the following
reason:



— The difference between the 1% and 2™ survey shows that there is a difference
of 10 to 60 cm.

As such, the result of the 1% survey was taken as the more correct thus continued
to be adopted and made available for public use.

| carried out the re-net adjustment using “Lev-3" software of the re-leveling new
data, the polygons in the central and eastern parts of the territory (blue polygons, Ref
to Figure 3.) were adjusted by adopting the second order levelling network, while the
polygons in the western part of territory (brown polygons, Ref to Figure 3.) were
adjusted by the adoption of the third order Leveling Network.

The resulting calculation indicates that mean average square error of leveling in
1 km line was +7.05mm in the 2™ order and +11.51 mm in the 3" order Re-levelling
network.

5. Quality analysis of the results

| mentioned the mean average square error of leveling in 1 km line was +6.0
mm, +7.05mm in the 2" order and +10.1 mm, +11.51 mm in the 3° order Re-leveling
network on the table 2.

Average square error is a main character or necessary element of the network
quality. The result of the first net adjustment is seen to be more accurately (6 mm).

The quality of the input observations was very grossly. Because error of mean
square is a too big and a 46.7% of all loop error was exceeded allowable closure by
2-30 cm.

But | assumed the result of last re-net adjustment (B on the table 3.) that is more
optimal and accurately than other results.

6. Study on Vertical Crustal Movements of Mongolia using Levelling data

The rate of the vertical crustal deformation is very important and useful in the
field of seismology, geophysics, geomorphology, construction and other subjects of
the infrastructure.

In Mongolia, determination of the rate of the vertical crustal deformation is very
significant and beneficial for both theory and practice, which include the following.

— Determination of the seismic zone in the territory;

— Determination of the micro-zone in the territory of big city and region of
industrial;

— Study of the symptom of pre- earthquake;

— Mineral research;

— Determination of the area for construct the industrial and the water
construction;

— Determination of relationship of the geophysical field and the vertical crustal
deformation;

— Study on the structure of the crust, and

— Monitoring of environment. Etc.



The rate of the vertical crustal deformation was determined by following
formula:
hnew - hold
dV = - ; [5]
dT
Where:
hnew— New data or measuring difference of height in 1974-1991
hog - old data or measuring difference of height in 1940-1945
dT — time between two survey.

The allowable value of different of the two surveying is £9VL km. There are a
several sections that were exceeded allowable value by 7.9 — 715.6 mm on the
different routes. The total distance of these routes is 604.6 km. It is 4.31% of the total
distance of the second orders Levelling Network.

Below 7 sections exceeded allowable value by 10 - 71.5 cm.

Table 4.

route Name of section Distance of Nnew — Nold Allowable value,
number section, km mm mm

005 BM 0141-BM 1557 54.8 173.0 66.6

023 BM 186 — BM 42 7.7 -240.8 24.9

038 BM 1556 — BM 1743 99.9 -805.5 89.9

039 BM 1521 - BM 1524 49 -192.4 63

041 BM 1256 — CGP 371 12.8 1575 32.2

041 BM 1346 — BM 1363 10 -147.2 28.5

046 BM 1030 — BM 1087 8.6 -381.5 26.3

7. Vertical Crustal Movement Map

| prepared Vertical Crustal Movement Map (Figure 4) using the difference of the
old (1940-1945) and the new (1974-1991) levelling data.

The quality of the data use is not accurate and, the points number are too few
and distance between two benchmarks is too far in the some place (especially in west
of territory), and the length of time between old and new levelling is a too long which
is 35-45 years.

Moreover, the different of the two surveying is exceeded allowable value on the
several sections of the different routes.

This map is very necessary and serves as basis for the research of the \ertical
Crustal Movement. Also The Vertical Crustal Movement Map is a very important for
planning and management of the Levelling Network.
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Figure 4. The Vertical Crustal Movement Map The contour interval is a 25 m.

8. Conclusion

The updating and maintenance of the Leveling Network is very difficult and
very important activities for Mongolia with wide territory.

Disadvantage of the results:

a. Starting point is a not actual. There don’t have a vertical datum.

b. The quality of the observation data is not accurately.

Because there is a 46.7% of all polygons loop error was exceeded allowable
closure by 2-30 cm and error of mean square is too big — 7.05 mm in the second order
and 11.51 mm in the third order.

c. Density of the common points of two surveying is not enough. Especially in
western part of the territory have a very few points.

d. There are a two survey conducted and It is not enough for study on the
Vertical Crustal Movements.

e. The length of time between old and new levelling is a too long or 35-45
years.

Advantage:

a. The result of the re-net adjustment is giving us a possibility to update the old
data (1940-1945). It is a very necessary for second order Leveling Network of
Mongolia.

b. The Vertical Crustal Movement Map is a first try for research of the vertical
motions using leveling data.

c. Also the Vertical Crustal Movement Map is very necessary for planning and
management of the Leveling Network.

The reason of the disadvantage:



— Starting point of two leveling networks (old and new) was different. The first
leveling network’s vertical datum was based on the heights of the 6 points of the
Russian second order-leveling network. The possibility of error of height transfer
might have been accumulated due to the fact that the datum used was thousands of
km away. Re-leveling network’s vertical datum was a the Gravimetric point 0012 of
Arvaikheer province /Central area of Mongolia/

— There were a many earthquakes. For example: In the Southern part of
Mongolia, there had been earthquakes with magnitude between 3.3 to 8 on the
Richter’s scale which had occurred for about 130 times between 1944 and 1990.
Movement of landmass due to these earthquakes may have also contributed to the
differences previously mentioned.

— Re-measurements work took 15 years to be completed and during that time
many people measured one line of levelling network at various times which is a
wrong approach to height measurement.

— The re-levelling was completed 13 years. Re-measurement usually took
place every 5 to 10 year. It is now 21 years down the track with out a re-levelling.
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1. Development of the Cadastre

In Germany the taxation issue was the reason to establish a cadastre system,
followed by the needs to establish a property cadastre. It is a parcel based system
where all information is geographically referenced to unique, well defined units of
land. The cadastre, based on cadastral surveying, shows the division of the ground in
maps and contains describing information about the status of the property (location,
size, land use etc.).
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Therefore the immovable property register contain the describing part of the
cadastre. Both systems cadastre and immovable property register, in combination are
able to give a complete overview about legal and de facto situation of land.

Both systems are constantly updated and kept consistent.

2. ALKIS

Although cadastre is in Germany in the responsibility of the 16 states the
computerized systems are unique with some small exceptions. These systems are the
automated cadastral map (ALK) and the automated parcel register (ALB).

Maps and registers are fully digitized in Germany. The systems are harmonized
in all 16 states.

Since 2006 a new project called ALKIS (Authoritative Real Estate Register
Information System) is developed and will replace the old systems ALB and ALK.
ALKIS will be implemented till 2013 in all 16 states (nowadays 9 states working
with the new system after migration all data in the new format).

ALKIS is a project of the AdV (Working committee of the surveying authorities
of the Federal Republic of Germany). The GIS — Industry and customers interests are
involved in the development. It uses ISO and OGC standards and has a system-
unrepentant interface.

ALKIS store all information - graphical and describing - in one object-orientated
database system in compliance with the standards set by ISO/TC 211 and the Open
Geospatial Consortium. It is the fundamental part of the 3A-data model which also
contains geodetic reference points and topographical information.

3. ALKIS and SDI

To provide the 3A data model as a fundamental part of the emerging German
Spatial Data Infrastructure (SDI-Germany, GDI-DE) is one of the current challenges
of the German cadastral administration working on.

Many steps are done but many steps must be done in the next years to fulfill the
needs of a European Spatial Data Infrastructure as defined in the INSPIRE directive.

The public geospatial data are already variously used and widely available at
different geoportals.

By integration of various datasets in the ALKIS data model or using the same or
similar (standard based) methodology the use and further processing of the public
geospatial data will be simplified substantially.

The main reason is the consistent application of standardized web services like
WMS and WFS for providing the data.

Essential advantages are:

— Ensure investment safeguarding,

— Vendor independence,

— Definition of universal, browser readable interface for all public geospatial
data to provide object oriented data in interoperable formats,

— Cadastral information becomes a core database that can easily be combined
or extended with other data. It is therefore a big step to the SDI of Germany.

© H. Graeff, J. Riecken, 2012
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A general description of the background, the components and the goals of corporate real
estate management is given. The usual business partners and business processes are described and
analyzed. A modern form of organization, separating the service functions and the object
management functions, is defined. Finally it is recommended to implement specialized software to
support the daily work.
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1. INTRODUCTION

This paper is based on a consulting contract in Baku, Azerbaijan in November /
December 2011. The client was a private company being responsible for the
management of different business centers and residential real estate. As its business
activities are expanding right now, the company was interested to professionalize its
business processes and organization.

2. WHAT IS CORPORATE REAL ESTATE MANAGEMENT?
Corporate Real Estate Management (CREM) refers to the success and value-
based purchasing, managing and marketing of real estate which belongs to

companies, whose main business does not have a property-specific focus.

2.1.Background
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During the last 20 years there was a large restructuring of the economy world-
wide. This process is still going on. An unusually high level of capital is related to
this process. In this context the own property of a company is more and more
considered as an important resource for the financing needs of businesses. To-day we
see a total of five corporate resources: Work, Capital, Technology, Information and
Real Estate.

The understanding of the resource “property” has changed significantly in the
last years. The classic property management has been replaced by an independent
corporate business unit, or at least by a profit center with market-level management.
In this sense we speak today of "Corporate Real Estate Management”, in which a
profit or a value contribution to the economic success of the company is in the
foreground. It should be noted that a large portion of real estate worldwide is in the
ownership of companies.

Taking into account, that corporate cash money is sometime blocked or invested
on a long term basis, the corporate real estate has become one of the important factors
supporting the company with liquid capital.

As a result of this, the property related departments had to be professionalized.
Some of them were outsourced as independent profit centers.

2.2.Components of the CREM

Corporate Real Estate Management is a goal-oriented grouping of different
instruments. Depending on the structure and orientation of each company, there are
mainly three important components of CREM:

— Information Management is the information about markets, competitors and
users, and detailed analysis based thereon.

— Corporate Land Management is the quantitatively and qualitatively optimal
use of the existing areas including self use, rental, sale, demolition, new construction,
area expansion, area reduction etc.

— Facility Management (FM) is the integrated and comprehensive
management (= operation) of properties, divided into Commercial, Technical and
Infrastructural Facility Management.

2.3.Goals of CREM

The main goal for the Corporate Real Estate Manager is to generate a monetary
benefit for his company. That means in specific:

— Recognising and realising of so-called "non-operating real estate",

— Detecting of cost reduction potentials wherever,

— Realising gains without changing or disturbing the core business of the
company,

— Searching the lowest possible vacancy in the company’s real estate,

— Looking for expandability, flexibility and adaptability to changes in the
company’s business,

— Increasing the profitability of the company as a whole and thus making a
significant contribution to corporate success,



— Minimizing of long term real estate costs,

— Avoiding unused, unnecessary, inefficient or occupied property,

— Creating of functional and cost effective options for future expansions,
— Generating cash flow,

— Generating tax benefits and finally

— Managing the property efficiently.

2.4.CREM as a planning tool

Corporate Real Estate Management is not just an operating task. It also has a
planning component. During the time of construction of a new building it is always
important to find the right balance between two different, sometimes excluding goals:

— Minimizing the constructing cost and

— Minimizing the future operation cost.

The constructor is always interested to complete the building within his budget
or even below. The corporate real estate manager, however, must be interested to
minimize the future operation cost, before the building is finished. Examples:

— A painted fagade is cheap in construction but expensive in maintenance.

— Some materials for the floors inside a building are cheap to be installed but
very expensive to be cleaned.

— Open space in a building reduces the construction cost but requires useless

cost
— For cooling, heating, maintaining and cleaning.

He, as the “Voice of the future tenant”, takes over an important role in the
planning team, where he has to fight for:

— Enough parking space,

— Ahigh degree of flexibility in the building’s use,

— Optimal room partitions,

— An attractive interior design (materials, colors, decorations),

— Modern technical equipment (for example: high speed internet cabling),

— Energy saving power supply systems etc.

3. BUSINESS PARTNERS

The business processes during operation are considered to be Facility
Management (FM) as described in Chapter 2.2. The business partners of the facility
manager are: the owner, the tenants and external partners as for example power
supply companies, technical service companies or others (see Fig.1):
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4. BUSINESS PROCESSES

The business processes between the partners are divided into Commercial
Facility Management, Technical Facility Management and Infrastructural Facility
Management as already said above.

4.1.Commercial Facility Management
The field of commercial facility management includes the following processes:

Annual budgeting

This is the economic plan for the following year. The budget should include and
specify the estimated cost for personnel, material, services, maintenance, repairs,
representation etc. depending on the owner’s requirements. The owner himself has to
check, if necessary correct and finally approve the budget.

Contract management

This includes all kind of contracts as for example: lease contracts with the
tenants, supply contracts with the energy supply companies for electricity and water,
contracts with insurances, service contracts with private or public companies for
technical maintenance and others.

Procurement



If not managed by a centralized organization unit in the company, the
commercial facility manager will be responsible for the purchasing of goods,
materials and services as well as for the management of tender procedures and the
evaluation of offers.

Finance accounting

This is the normal bookkeeping procedure in accordance with the existing local
rules and regulations.

Inventory

Inventory means the documentation (and permanent updating!) of all fixed and
movable equipment, which belongs to the building.

Controlling, reporting, benchmarking
That is the calculation and analyse of key numbers for different business fields
as for example: “area cost per user”, “total operation cost per sqm and year”,
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“maintenance cost per sqm and year”, “energy cost per sqm and month”, “cleaning
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cost per sqm and year”, “grade of occupancy in %’ and many more.

Space optimization
The commercial facility manager has to check permanently, how the building is
used and whether the existing space can be optimized.

Invoicing / money transfers

Finally all kind of invoices and money transfers have to be directed as for
example: the coming in invoices for electricity and water consumption, internet use
etc. as well as the going out invoices for the tenants” rent and extra cost.

4.2. Technical Facility Management

Technical maintenance

The technical facility manager is responsible for all kind of technical planning,
operation, maintenance and repair. That includes: electricity, water,
telecommunication, internet, intranet, lifts, other building equipment etc. in the whole
building (public area and tenant‘s area).

Technical supervision
That is the instruction and supervision of the workers (painters, carpenters,
electricians etc.) from external business partners.

Energy optimization
The technical facility manager has to look permanently for possible solutions to
reduce the energy cost as much as possible.

4.3.Infrastructural Facility Management
Cleaning



The infrastructural facility manager is responsible for the cleaning of all public
areas in the building. It can also include the cleaning of the tenant’s areas on their
demand.

Front desk
A front desk service for the reception, control and information of external
visitors of the building should be provided.

Security
The building has to be protected and controlled by security personnel as well as

the parking area(s).

Further possible services

It should be considered, whether the company is able and willing to offer
additional services to the tenants and their customers, once the building is in use. This
could be: catering, kitchen services, move services, transportation, courier services,
conference room services or event management (i.e. exhibitions, jubilees or other
events). The total offer of services makes the building more attractive for the tenants
and enables them to get concentrated on their core business.

5. ORGANISATION

A modern FM-organization should take over the structure of the described
business processes in Chapter 4 and, at the same time, the different operational
objects of the company, such as the different business centers, shopping malls,
underground passages etc.

On the left side there are the so-called Service Departments (commercial,
technical and infrastructural facility management). These functions should able to
handle their business processes as described in Chapter 4.

On the right side there are the so-called Object Managers, representing the
company “face-to-face” to the customers / tenants in the different objects.

Normally the object managers do not have own personnel. The personnel are
concentrated in the service departments. So, their employment can be directed in a
more flexible way.

The more general working functions Marketing/Sales and Human Resources are
considered to be a so-called staff position reporting directly to the CEO.
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6. CAFM - SOFTWARE

A CAFM (Computer Aided Facility Management) system is needed to support
the business processes of the company in a professional way. In Germany there are at
least 20 different CAFM-systems on the market, as for example:

AcadGraph, Aperture, Arcadis, Archibus, Archikart, AT+C, Axxerion, Bentley
Sytems, BFM-Key Logic, Byron, Cideon, Com In, conject, eTASK, FaciWare, FMCD,
iffm, IMSware, infas, enermetric, INFOMA, Kessler, KMS, Loy & Hutz , N+P,
Nemetschek, OneTools, pit-cup, Planon, sLAB-EuSIS, SMB, sonixc, spee-dikon FM,
Syskoplan, Topdesk, Voigtmann, 5DInfo and others.

All these systems offer different but similar software modules especially
programmed for the daily needs of the facility manager.

7. FINAL REMARKS



All these recommendations cannot be implemented is short time. It is a process
of years, until everything is running smoothly. The existing organization has to be
changed; the business processes have to be defined in detail; the responsibilities have
to be fixed; the technical specifications for the new software have be worked out; the
software has to be implemented; the personnel has to be skilled; rules and regulations
have to be worked out etc. etc.

At the end there is a great chance that the business of Corporate Real Estate
Management is running more efficiently than before, that the service quality will be
improved distinctly and that a high percentage of internal cost will be saved.
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1. Bsenenue

B Yemickoil pecnyOnuke BONPOC MOHUTOPUHIA CMEIIEHUN (BEPTHUKAJIBHBIX
nedopmalmii) CTpoAIUXCsT 0ObEKTOB C TEXHOJIOTUYECKON U 3aKOHOATEIbHOW TOUKU
3pE€HHs PENIAMEHTHPOBAH YEHICKUMHM TEXHHMYECKMMHU CTaHAApTaMy (HOCSILIUMH
pexkomenaatenbHblil xapakrep) CSN 73 0405 "M3mepeHue cMenieHud CTPOUTENbHBIX
coopyxkeHuil" u CSN 73 1001 "OcHoBaHue coopykeHui. [pyHT moJ MIOCKUMU
bynnamentamu". CraHmapTbl yCTaHABIMBAIOT TpPeOOBaHUS K  HU3MEpPEHUSIM
M3MEHECHHH B TIOJIOKEHUHU U opMe (CMelneHnid 1 qedopmanuii) 31aHui 1 UX 4acTen
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OT TIOJIOKEHUS ¥ (POPMBI 3MaHWIA B OCHOBHOM WJIM MPEABIAYIIEM 3TAle U3MEPEHUH,
BBI3BAaHHBIX JeOpMaIMsIMU TPYHTA MOJ 3JaHUEM M BOKPYT HETo B pe3yibTare
CTPOUTEIBHONM  WJIM  WHOW  JIEATEIbHOCTH,  BBI3BAHHBIX  CTaTHYECKHMH,
JTUHAMHYECKUMU U CEMCMHUYECKMMM Harpy3kamMu WJW JPYTMMH BO3JCHCTBUSMH Ha
3nanue. Crangaptr CSN 73 0405 ngeiicTBUTENEH MJIsI BCEX THUIIOB 3AaHUNA U
COOPY)KEHHH, HJI1 KOTOPBIX OTCYTCTBYIOT KOHKpETHbIe cTaHmapThl. CTaHIapT HE
MPUMEHSIETCS JIJIs1 U3MEPEHUH TIpH.

a) Harpy304HOM TeCTUPOBaHUU CTPOUTEIBHBIX KOHCTPYKIIUH,

0) Omnom3Hsx,

B) M3MepeHuM W3MEHEHMII TE€OMETPUYECKUX MapaMeTpoB (HAKTUUECKUX
XapaKTePUCTUK 3[JaHUH BO BPEMs CTPOUTEIBHBIX pabOT, KOTOPHIE OMPEASIIIOTCS TIPU
KOHTPOJIE TOYHOCTH B COOTBETCTBUU C IpyruMu ctangapramu CSN.

2. llens u3mepeHus: cMeIIeHUM

Llenpro n3MepeHnst CMEICHUN 3aHUH U COOPYKECHUU SIBIISIETCS:

a) IlonmydeHue NaHHBIX JJIs1 OLICHKH TOBEJICHUS TPyHTa MPHU CTPOUTEIIHHBIX
paboTax U BO3/CHCTBHE CTPOUTEILCTBA HA OJIM3IeKAIIHEe OOBEKTHI,

0) CpaBHeHue 3HaueHUH  (AKTHYECKOTO CMEIICHHUS C  OXKHJIAeMBIMH
3HAYECHUSIMU, PACCUMTAHHBIMHU B CTPOUTEIIBHOM MIPOEKTE,

B) MOHUTOPUHT COCTOSIHUA, (PYHKIIMOHMPOBAaHHMS W 0O€30MaCHOCTH HOBBIX H
YK€ CYILIECTBYIOIIMX COOPYKEHUW, HAXOMAIIUXCA IO BIHMSHUEM CTPOUTEIBHOU
NEATEIILHOCTU B UX OJIM30CTH.

Cmenienus 3maHUM U3MEPSIIOTCS B IPOLIECCE KX CTPOUTEIBCTBA M IOCIHE
3aBepIleHus padoT:

a) Ecnum cMmelieHus UMEIOT Ba)KHOE 3HAYEHHWE i 0e30MacHOCTH U yaoOcTBa
WCIIOJIb30BaHMS 3/1aHUS WM TEXHOJIOIMYECKOT0 000py10BaHMUS,

0) Ilpu ucnonp30BaHUM HEOOBIYHBIX WJIA HOBBIX KOHCTPYKIIUW, TaKUX Kak
(dbyHIaMEHTHBIE TUTUTHI TypOUHBI i TypOuH MoutHocThio 100 MBT u Bbimie (CSN
73 1020), BEICOTHBIX 31aHMI ¢ BBICOTOM Oosiee 50 M (Hampumep, MIOTHH),

B) Ecnu coopyxeHus 4yBCTBUTEIbHBI K BO3JICHCTBUIO CABUTOB MU MTOCTPOCHBI
B HEOJIATONIPUSATHBIX TE€OJOTUYECKUX YCIOBUSIX,

r) Ecau oHu mocTpoeHsl Ha mojapadarsiBaeMbix Tepputopusx (CSN 73 0039),
Y 3TO U3MEPEHHE COOTBETCTBYET 3HAYCHHIO M BAYKHOCTH OOBEKTA.

JUIsi  KaKXJIOTO COOpPY>KEHHUs, Ha KOTOpPOM OydyT MpPOBOIUTHCS H3MEPEHUS
HEO00XOIMMO COCTaBUTh MPOEKT U3MEPEHUM ¢ pa3pabOTKOM LEeIN U TUMa U3MEPEHUH,
OMPENECIUTh BEJIMYMHBI MPEIOJIaraeMbIX CMEILIEHUW, ONpPENeNUuTh HEOOXOAUMYIO
TOYHOCTh U3MEPEHUsl C alpUOPHBIM AHAJIM30M, YCTAHOBUTH METOJ| CTaOWUIIM3AlNU
TOYEK, pa3padoTaTh BPEMEHHOU MJIaH U3MEPEHUN U T.1.

ATOMHAs 2JEKTPOCTAHIMSA TE€MENINH OTHOCUTCSA K YHHUKAJIbHBIM TEXHUYECKUM
COOPYXEHHUSIM, TI1e ObUIM BHEIPEHbI HOBBIE TEXHOJIOIMYECKHUE YCTPOICTBA,
MPUMEHEHbl HOBbIE KOHCTPYKTHBHBIC PEIICHUS U T1e ObLIM UCHOJIb30BAHBI HOBBIC
TEXHOJIOTUHU CTPOUTEIILCTBA.



OcHOBHO# OJI0K 3JEKTPOCTAHIIUU COCTOUT M3 3[IaHUs peakTopa (Turomanb 68 x
68 M, BbicOTa 66 M), MexaHudeckoro otaeneHusa (128 x 49 x 42 M) pacnpeaenauTens
(98 x 22 x 31 M) u TermooOMeHHUKA (48 X 17 X 26 M).

31aHue MEXaHUYECKOTO OTIEJICHHS MMEET CTaJbHOW Kapkac. B atom 3manuun
pacrnojio’keHa TypOrHa U CBA3aHHBIE C HEW OOCITYKUBAIOIIME YCTPOMCTBA HEAIEPHOU
YacTH JIEKTPOCTAHIIUU.

CrpouTenbHasi KOHCTPYKIIUS pa3/ielieHa Ha YacTH:

a) DyHITaMEHTHAs IJIUTA - JKeJIe300€TOHHAs KOHCTPYKIUA ¢ pasMepamu 61,1 x
16,4 x 2,7 m;

0) IIpocTpancTBeHHas paMHas JKeIe300eTOHHAS KOHCTPYKIIHS, COCTOSIIAS U3 2
X 8 KOJOHH, 3aKpEIUICHHBIX B (PYH/IaMEHTHOM IUIMTE HA OTMETKE -5,1 M, KOJIOHHBI B
UX BEpXHEH 4acCTU COEAMHEHBI TPOJOJIbHBIMU M MOMEPEYHBIMU OaTKaMH.

[IpononwHbie 6anku Ha ypoBHE 10,95 M ocHaiieHbl 86 BUOpouzoisiTopaMu U 26
BHUCKO3HBIMU amopTu3atopamu GERB (cucteMa ruOkoro pacnoioKeHus, ¢ OMOIIBIO
KOTOPOH MOXHO KOPPEKTUPOBAaTh IIOJIO)KEHHWE TYpOMHBI B TOPU30HTAIHHOM
MJIOCKOCTH);

B) Bepxusis rmimra ocHOBaHHMS ~TypOoreHeparopa mnpu +15 M 31O
&KeJIe300€TOHHAs IUIUTAa CO BCTPOCHHBIMU KPEMEKHBIMU DJIEMEHTaMH, KOTOpas
nMeeT BHelHue pasmepsl 60 x 16 x 3,5M.

3. TounoCTh M3MeEpeHMIA

TO4HOCTh M3MEPEHUSA CMELICHHUIN 3[JaHUI XapaKTePU3yeTCS 3HAYEHUEM JOIMyCKa
Ha ONpeAeieHus JJIMHBI PE3YJAbTUPYIOIIET0 BEKTOpa CMEIICHUS WU €ro
COCTaBIISIONIMX. BemnunHa qonycka omnpenenseTcs: 3SHaYeHueM

d; <2/15p, (1)

IJ€ p — OKHUJIAEMOE CYMMapHOE CMEIIEHUE WIH €ro COCTaBisiromas B Mm. s
YCTPOWCTB C BBICOKMMH TpPEOOBAHMSIMH K HUX CTaOWJIBHOCTH, HAJIeKHOCTH,
0€30MacHOCTH U SKOHOMUYHOCTH IKCIUTyaTalluu, BEJIMUMHA JIOMyCKa O

yCTaHABJIMBAETCS MHAUBUIyalbHO, Ha 1/ 3 TouHee.

3HaueHHE IOIMYCKAa U3MEPEHUS] CMELIEHUN YK€ SKCIUTyaTUPYEMBbIX COOPYKEHUN
HaxOSIIUXCS B pallOHE CTPOUTENILHOU 1€ TENHbHOCTH, HE JOJIKHO IPEBBIIAThH

0, < 2/5 Pk, (2)

IJe Pk - KPUTUUECKOE 3HAYEHUE CMEIICHUS B MM, MPU KOTOPOM BO3HUKAET
yIrpo3a pa3pylieHHs CIeyeMOro o0beKTa.

4. CranuoHapHasi aBTOMAaTH3MPOBAHHAS THAPOCTATUYECKAs W3MEpHUTEIbHAs
cucTema

Ha ocHOBe TOYHOCTHBIX TpeOOBaHMI K CTAaOWIBHOCTH (B BBICOTHOM
OTHOIICHUH) TEXHOJIOTUYECKOTO OOOpYIOBaHUS ¥ KOHCTPYKIIUM MAIIHHHOTO
OTJIEJICHHS C PACIOJIOKEHHBIM TaM TypOoreneparopem MomHocThio 500 MBT 1 1000
MBT u ¢pynnamenTHON mauThl 30aHus peakropa Optn HUUW reonesun, ronorpaduu
U Kaprorpaguu B COTPYIHUYECTBE C JPYTMMH OpraHU3alUsSMU pa3paOdOTaHbI
n3MepurenbHble  gardukn  HYNI nm INVA | TOYHOCTP KOTOPBIX MOXHO



OXapakTepu30BaTh CTAHAAPTHBIM OTKJIOHEHHEM H3MEPEHHUsI BBICOTHI B paMKax BCei
cucteMbl u3mepenus (10 100 m) o <+ 0,05 mm.

CramnmoHapHasi ~ aBTOMaTU3MpPOBAaHHAs  THAPOCTATUYECKas  HU3MEpUTEIbHAs
cuctemMa cOCTOMT W3 ruapoctatndeckux aardukoB HYNI, xotopsie coegmHeHbI
IIUTAHTAMU C KUIKOCTHIO M KaOEJISIMHU JIJIs TIEpeaun JaHHBIX U TUTAHU.

Puc. 1. Coenunénnrie natunku HY NI

KomnuecTBO  JaTuMkoB B HM3MEPUTENBHOW CHCTEMBI  ONpPENEIsAeTCS B
3aBUCUMOCTH OT KOHKPETHOTO Ciydas M K CHCTEME MOXKET OBbITh TOAKIIOYCHO B
oOmei cnokHoctn 126  marumkoB. B CBA3M € BO3MOXKHOCTBIO U3MEPEHUS
BEPTUKAJIBHBIX CMEIIEHWN Ha Pa3HbIX BBICOTHBIX YPOBHAX B CHUCTEMY MOTYT OBITh
BKJIIOUEHBI u3MepuTenbHbie  natuvkd INVA, ¢ 1OMOIIBI0 KOTOPBIX OTNETbHBIC
BBHICOTHBIE YPOBHM MOTYT OBITh CBS3aHBI B OJHY CHUCTEMY M MOXET OBITh
OCYIIECTBIEH TMOCTOSHHBIM KOHTPOJIb W3MEHEHUH B3aWMOIOJIIOKEHUS Pa3HBIX
BBICOTHBIX ypoBHeH. OIleHKa CMENIEHUH TPOUCXOMAUT ABTOMATUYECKH IYTEM
OTpEIEIICHUSI TTOJIOKEHUSI OMTOPHBIX TOYEK W Ha OCHOBE aHaJIM3a JIaHHBIX M3MEpPEHUN
OnpeeNsieTcss UX CTabUIbHOCTb.

BaxxHoil 0COOEHHOCTBIO U3MEPUTEIBHON CHUCTEMBI SIBJISIETCS HENPEPHIBHOCTH
u3MepeHuid 0e3 BMmemiarenbcTBa oneparopa. COOp JaHHBIX OCYIIECTBISIETCS B
3apaHee OINpEACNICHHbIE NMPOMEXKYTKH BPEMEHU U H3MEpSeMble BEIMYUHBI MOTYT
OBITH MPOCMOTPEHBI B JII000€ BpeMsi O€3 MpephIBaHUS MPOTPAMMBbI U3MEPEHUI.

4.1. Texunueckue JaHHBIC TaTYNKA

Pa3smepsr: BoicoTa: 270 mm, mupuHa: 205 MM, nityOuHa: 275 MM
OTtBepcTus g BBoga kadens: P16

CoenuHeHus 1S TOAA4YH KUIKOCTH U Bo3ayxa 1 /2"

Bec natumka: 13 kr

ITutanne matumka: ot 18 mo 30 B mocTostHHOTO TOKA, 0,5A
Junanazon usmepenuii: ot 10 1o 90 mm



TounocTth: £0,05MM

Pazpemarommast cnocooHocTs Aarunka:0,001Mm
Kommynukarusa: RS 485 — 1Byx mpoBOHOE MOAKIIOUCHUE
JHunanazon padouux temmneparyp: ot -20°C no +50°C
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Puc. 3. Cuctrema HYNI Ha ypoBHe +15,00 M MammmHHOTO OTJeaeHUS (TIJIaH)
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Puc. 5. YcrpoiictBo natunka INVA Ha ypoHe +15,00 M MalllmuHHOTO OTAEJICHUS



BBICOKOTOYHBIM reoMeTpruueckuM HuBeaupoBanueM (BI'H.- kpacnas kpuBas)
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Porovnani s métenim ZPN
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5. 3akiro4yeHue

Pe3ynbrarel U3MEpEeHUI NCIOB3YIOTCS AJI1 CUCTEMaTHYECKOro U 3(h(peKTUBHOTO
TEXHUYECKOTO OOCITyKUBaHUS, a TaKKe 00ECIEeUnBalOT JTOKYMEHTUPOBAHUE B LIETSAX
HOBBILIEHHS 0€30IIaCHOCTH U HAJIEKHOCTU TypOOreHepaTopa 1 NpoJIeBalOT CPOK €T0
ciyx0bl. M3 pe3ynbraTtoB OLEHKM AepopManuii HUKHEW (PyHIaMEHTHOM IJIUTHI
cienyetr, 4yTto nedopmanus He npesbicmia 20% OT BEIWYMH YCTaHOBJIEHHBIX
cranaaptom CSN 73 1020.

Hedopmarn BepxHel (yHIAMEHTHOW IUIMTHI B CPAaBHEHUU C KPUTEPHUSIMH
CTaHJlapTa JOCTUTatoT MakcuMalibHO 70% KX BETUYUHBI U B 3HAYUTEIHLHOU MeEpe
00yCJIOBJICHBI U3MEHEHUSIMU TEMIIEPATYPHOTO MOt OCHOBBI - TT.

BUBMNOIrPA®UYECKMIN CMINCOK

CSN 73 0405 M3MmepeHue CMEIIeHU CTPOUTENbHBIX COOPYKEHUM
CSN 73 1001 OcHoBanue coopyskeHuil. ' pyHT noj miockumu GpyHaaMeHTaMH.
CSN 73 1020 IIpoexktupoBanue pyHIaMEHTOB BPAILIAIOIIUXCSI MALITHH.
4. CSN 73 00 39 IlpoextupoBaHuE€ 3/1aHUNM U COOPYKEHUH Ha IM0ApabaThIBAEMbIX
TEPPUTOPHUSAX - OCHOBHBIE MTOJIOKECHHUS.
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BbIEOP NMPOEKLUU TEMATUYECKUX KAPT MOHIOMNUU
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For simplicity of description, most of this article describes the select of map projection with
two standard parallels for thematic maps, as forth based on mathematic methods and determines the
distortion value such as distance, area and direction.

Key words: parameter of projection, distortion, standard parallel, ellipsoid.

A thematic map is a type of map or chart especially designed to show a
particular theme connected with a specific geographic area. Thematic maps are often
described as small scale, typically soil, physical, social, political, cultural, economic,
sociological, agricultural, road of Mongolian maps at a scale of 1:2500000.

A main thing of creating map is choosing map projection. It depends on
geography of Mongolia and purpose. It normally used WGS-84 reference ellipsoid.
Conformal normal conic projection with standard two parallels, it is a good choice
thematic maps at a scale of 1:2500000 of Mongolia. As such it has straight line
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meridians and circumference parallels with one circle center. The reason of choose
map projection as follows are:

1.  Mongolia is the world’s 19" largest country. It mostly lies between latitudes
41° and 52°N, and longitudes 87° and 120°E. So it necessitates a conical projection.

2. The developable surface may also be either tangent or secant to the sphere
or ellipsoid. Tangent means the surface touches but does not slice through the globe;
secant means the surface does slice through the globe. If latitude continued along
between 6'- 8', recommend to use conical projection with standard a parallel. And if
latitude continued along between 10'- 30, recommend to use conical projection with
standard two parallels. About continued latitude of that A, - A, = 120° - 87° = 33°,
because conical projection with standard two parallels is the best.

3. Main standard parallels are chosen by theory of Kavraisky V, such as
follows:

Q1= 45°

Qo= 49°

Mongolian thematic maps normally require a conformal projection, because it is
used for education purposes. Hence, conformal conic projection with two standard
parallels is more suitable for Mongolian thematic maps at a scale of 1:2500000.

Parameters of that are:

o = 0.731504204

N =11726990.7m (on surface)

469,079628 cm (on map)

This projection shows distances and areas accurately. Result of estimation,
distance (u) and areal (p) distortions (on the standard parallels) as follows are:

u =0.99999

P =1.00001

It is conformal conic projection, so distortion of direction is nothing. The
correlation of distance and areal distortion of other parallels are shown in Fig. 1.
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Figure 1. Distortion of areal and distance
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The true grid of latitude and longitude represent is as follows: a map scale is
1:2500000, and a thematic map has two standard parallels, conformal normal conic
projection. We used AutoCAD 2010 and calculated the projection grid by X and Y
coordinates.
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Figure 2. Grid lines of latitudes and longitudes

Conclusion

We took WGS-84 ellipsoid as the reference and chose standard parallel number
450 and 490. The chosen conformal conic projection has no angle distortion (w=0)
among the standard two parallels, the distance and areal distortion are adequate.
Furthermore, these distortions of among the other parallels are adequate. Therefore,
we recommend using this projection in industry and education. Besides, this
projection is more suitable for production of thematic maps at a scale of 1:2500000.

© 0. Dash, U. Ganbold, 2012
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TOMNOrPA®UYECKUE KAPTbl - OCHOBA NMPOCTPAHCTBEHHbLIX AJAHHbIX
FrEOUH®OPMALIMOHHbLIX CUCTEM MOHIOJTUN

Orwynudure law

['opHO-M>KEHEPHBINT MHCTUTYT MOHIOJIBCKOIO YHHBEPCHUTETA HAyKH M TexHosioruu, bara Tolipyy
34, Cyx6aarapckuii paiioH, T.Ynaan6aatap, MoHronus, 3aB. Kapeapoit reofe3un U MapKIIeH1Iepu,
KaHJMIAT TEXHUYCCKMX Hayk, aomeHt, Ten. (976)11-452-485, e-mail: daoyunaa@must.edu.mn,
daoyunaa@yahoo.com

B crathe paccmarpuBaercs mporecc cozgaHus HHU(GPOBOH Tomorpaduueckold KapThl Ha
tepputoputo Monrosuu B macttade 1:200000.

KiaroueBble ciioBa: Ttonorpadudeckas kapra Monrommu, 1udpoBbie Tomorpaduueckue
KapThl, MupoBas cuctema WGS-84.

TOPOGRAPHIC MAPS - THE BASE OF THE SPATIAL DATA GIS OF MONGOLIA

Oyuntsetseg Dash

Mongolian University of Science and Technology, School of Mining Engineering, Baga Toiruu 34,
Sukhbaatar district Ulaanbaatar, Mongolia, Head of Department of Geodesy and Mining
Surveying, PhD, Professor, tel. (976) 11-452-485, e-mail: daoyunaa@must.edu.mn,
daoyunaa@yahoo.com

The process of creation of a digital topographic map on the territory of Mongolia on the scale
of 1:200000 is described.

Key words: topographic map of Mongolia, digital topographic map, world system WGS-84.

B mnacrosimiee Bpemss mo wmepe pacmupeHus chepsl npumenenus [MC-
TEXHOJOTUA B MOHrofuM pacteT MOTPeOHOCTh B JOCTYIHBIX M Kay€CTBEHHBIX
1M (POBBIX TOMOrpaPUIECKUX OCHOBAX.

[Mudposas  tomorpadmueckas wuHbOpMANUS —  BWKHEUIIUNA  DIEMEHT
MH(GOPMAITMOHHOTO OOECHEeUeHUs: U MPOCTpaHCTBEHHOro moxenupoBanus B ['HC.
[udposeie Tomorpaduueckue kaptbl (IITK) wacro accommmpyror ¢ 06a30BbIMU
MPOCTPAaHCTBEHHBIMU JAaHHBIMU - OCHOBAaMH, Ha KOTOPbIE HAHOCAT TEMaTHUYECKYIO
uHdOpMaIHIo.

Tomorpadguyeckne KapThl OOBIYHO CIYKaT OCHOBOM JUJII  COCTABIICHHUS
TEMaTUYEeCKUX KapT, HUPPOBBIX Mojiesel penbeda, HUPPOBBIX MOAENEH MECTHOCTH U
uuppoBeix kaptr — ocHoB i [MMC. T'MC npenctaBisiioT HCKIIOUUTETbHBIC
BO3MO)XHOCTH JIJIs1 MHTETPAllMU U aHaIu3a HH(OPMALIHH.

st yeneminot pa6otel B 'C Tpebyercsi oTKphiTast MHDOpPMALIMOHHAS Cpefa,
YEeTKO MPONHUCAHHBIE CTAaHAAPThl HA LIU(PPOBBIE KApTOrpauueCKUE OCHOBBI, a TAKKE
JIOCTYyNHbIE JUIA  pa3HbIX  KaTeropui  mojbp3oBarenedl  OaHKM  IUPPOBBIX
MPOCTPAHCTBEHHBIX JaHHBIX.

OnHako, cUTyalus, CKJIaIbIBAIOIIAsCS HA PhIHKE [U(PPOBOI KapTorpadguueckon u
Tornorpaduueckoi MpoayKIuu MOHTONH, e1e Tajeka OT pealbHbIX ToTpeOHOCTEH. B
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HacTosiiee BpeMs B MOHTOMUHM CO3JaHUEM M PACIpOCTpaHEHHEM LHU(PPOBBIX KapT
3aHUMAIOTCSl Pa3JIMYHbIE OpraHU3allid, KaK TOCYIapCTBEHHbBIC, TaK W YacCTHBIE,
olnpoBbIBast Tomorpauueckre KapTbl MO CBoeMy ycMmoTpenuto. ClieAacTBreM
MH(GOPMAITMOHHON PA300IIEHHOCTH CTalo IyOIMpOBaHHE TOMOrpaUuecKuX OCHOB
pasHbBIMM  BEJOMCTBaMHM W opranmzanusimMu. [lpm  mombiTkax ~ oOMeHa
OPOCTPAHCTBEHHBIMM  JAHHBIMM  BO3HUKAIOT  TPYOHOCTH,  CBS3aHHBIE  C
COBMECTHUMOCTBIO JIaHHBIX W3 Pa3HbIX UCTOYHUKOB B €IMHON MH(POPMAIMOHHOM CpeJie.
Hepenxo mpennaraembie mudpoBbie Tonorpaduueckue KapThl MPUTOAHBI, B JIyUIIeM
cilly4ae, JJI1 BHU3YaJIbHOIO BOCIPOM3BEACHUS HX OYMa)XHOTO MCTOYHUKA U HE
BBIICPKUBAIOT KPUTHUKH C TOUKHU 3PEHHS TOMOJIOTMYECKON KOPPEKTHOCTH.

OnHoil M3 TIaBHBIX MPOONEM SIBISIETCS OTCYTCTBHUE OMMCAHUS KOOPAMHATHOMN
CUCTEMBI U MTAPAMETPOB MPOEKLUHU, O€3 KOTOPHIX HEBO3MOKHO COBMEIIICHHUE JIAHHBIX B
€IMHOM KOOPJAMHATHOM IPOCTPAHCTBE.

g yenemno#t pabotsl B 'MC TpebOyercs oTkpbiTass nHGOpMAIMOHHAS Cpena,
YeTKO  MpOIMCaHHBIE  CTaHAApThl Ha  OU(poBeie  Tomorpaduueckue U
Kaprorpauyeckue OCHOBBI, a TaKXKe JIOCTYIIHbIE [UJIi Pa3HBIX KaTeropHid
noJib30Baresnieit 0aHKu HU(PPOBBIX MPOCTPAHCTBEHHBIX JAHHBIX.

Hamu Obuta co3mana mudpoBasi Tomorpaduueckas KapTa Ha TEPPUTOPHIO
Mouronuu B macitade 1:200000. [Tpu pa3paboTke JaHHON KapThl HAMH YYUTHIBAIHUCH
CJIEYIOIINE TIOJIOKECHUS:

1. Hudposas Tomorpaduyeckas KapTa co3gaBajach C y4e€TOM TpeOOBaHUIA
pabotel ¢ mpocTtpaHcTBeHHbIMH JaHHBIMH B ['MIC. OcHOBHas 3amaya — Jaath
MPaBWJIbHOE TIPEJCTABICHUE O MECTOMOJOXKEHUH, METPUYECKUX IapameTpax M
B3aMMOOTHOLIEHUSX MEXIY MPOCTPAHCTBEHHBIMH OOBEKTAMH.

2. TpeboBasiock odopmieHHe U TedaTh OyMaKHBIX KapT Ha HOMEHKJIATypHBIE
mucTbl. [loaTOMy XpaHeHHe JaHHBIX ObLIO OPraHM30BaHO TAK)KE HA HOMEHKJIATypHbIE
JIUCTBI.

3. VYcmoBHble 3HAKKM JUIi OOBEKTOB OBLIM YIPOIIEHBI II0 CPAaBHEHHUIO C
TPaJIULIMOHHBIMU, TIOCKOJBKY  CIIOKHBIE, MHOTOCJIOMHBIE  YCIIOBHBIE  3HAKH
CYLIECTBEHHO TOPMO3MJIM BBIBOJ KapThl HAa DKPaH.

4. Kapra 6p11a coctaBieHna B ¢popmare nporpammbl ArcGIS10 u AutoCad2010.

[Ipu omudpoBke KapT TIABHOW TPOOIEMON BCTajd BOMPOC O KOOPAMHATHOMN
CUCTEMBbl W MapameTpax MNpoeKuu. Eciu paHee KOOpAWHATHI ONPEACISUINCH B
cucrteMe koopauHar KpacoBCKOro, TO CEroiHs, C NOPUMEHEHUEM CITyTHHUKOBOW
HaBuranuu, Tpedyercs apyras cucrema ucuucienus. C 2010 rona B Monronuu Bce
1M(poBbIE KapThl U MOJEIN JOJDKHBI CO37aBaThCS BO BCEMHUPHOW T€OIE3UUYECKOM
cucreme WGS-84, B mpoekuuun UTM. Tak ytBepkneHo B 3akoHe “O reoae3uu u
kaprorpadun” Monronuu. Bo3HukaeT HEOOXOIMMOCThH IepecueTra KOOpAWHAT U3
onHou cucremsl B npyryro. C 2011 romy B MoHronum npucTynwiv K peaau3aiuu
MIPOEKTA MO MePeXo/ly Ha BCEMUPHYIO CUCTEMY UCUUCIeHUs KoopauHat - WGS-84.

B mnpouecce paboThl BBISICHWIOCH, YTO, B MEpPBYI0 odepens, B MoHroauu
HEO0OXOMMO YETKO pa3iesuTh NOHATUA UG poBoi Tonorpaduueckon kapthl (L[TK) u
mudpoBori  mozenu MectHoctd (LIMM), a 3arem yTBEepAWTh TEXHUYECKHUE

PYKOBOACTBA O HOBOM CHUCTEME KOOpAWHAT U IMapaMCETPOB IIPOCKIUH.
© 0. law, 2012
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BBEJAEHUE

B reorpado-3ko10ru4ecKkux HMCCIEAOBAHUSAX T€0-TPOCTPAHCTBEHHBIE JaHHbBIE
UCTIOJNIB3YIOTCSI B KadecTBe WHGOpMaluu 00 OKpyXkaroulell MpUpoIHON cpene |
CTENEHU €€ HapylmeHHOCTH. OAHUM U3 KOHEYHBIX NIPOAYKTOB TEXHOJIOTHYECKOIO
nporecca 00pabOTKU JAHHBIX SBIISETCS OTACIIU(PPUPOBAHHBIN CHUMOK. TeMaTnueckast
UHTEPHPETALNS KOCMUYECKHX CHHMKOB — IMPOLECC BO MHOITOM HEOAHO3HAYHBIA M
TpyIHOGOPMATH3YEMBIi. Ha  cHumke oroOpakaeTcs  HMHTETPUPOBAHHAS,
reHEepaJIN30BaHHas KapTUHA MeCTHOCTH. KocMHuYecKHe CHUMKH, NPUMEHSIEMbIE B
PETHOHANIBHBIX TeorpapUuecKux MCCIENOBAHUAX, OOBIYHO CpPEIHEr0 U MEJKOTOo
MacmTaba (pa3pemeHus ), ModTOMY JiJIsl pacimPpoBKH cUTyauu (0OBEKTOB, SIBIICHUH,
IIPOLIECCOB) HCIIOJIB3YIOTCS MPEUMYILECTBEHHO JCLUITUEHTHBIE, KOCBEHHBIE MPU3HAKH
nemu(pprupoBaHus.

BrlnoniHeHHEe  aBTOMATH3MPOBAHHOW — KJIAcCCU(UKALMK  MHOTOCHEKTPATbHBIX
n300paxeHuil TpeOyeT BBINOJHEHHUS Psijia KaK alTOPUTMUYECKUX MpeoOpa3oBaHM,
TaK M JIOTUYECKUX ONEpaluil BU3YaJIbHOTIO JACMIU(PPUPOBAHMS, PACKPHIBAIOIIUX
CYLIECTBYIOILIME B TMPHUPOJE B3aHUMOCBSI3M U B3aMMOOOYCIOBIEHHOCTH. Takum
oOpa3oM, mpu paboTe CO CHUMKAMHM TPUXOJUTCS OIEPUPOBATb MAaTEPHAIIOM,
XapaKTEPUCTUKH KOTOPOro OOYyCJIOBJIEHBl KOMIUIEKCOM TECHO CBS3aHHBIX MEXKIY
co0oil (u3nyeckux (MPUPOAHBIX) U TEXHUUYECKUX YCIOBHH CBEMKH, a TaKKe
reorpa)u4ecKiMu OCOOCHHOCTSIMU TEPPUTOPHUH, BKIIIOUYAS] CTEIIEHb €€ U3yUYEHHOCTH.
OT no’HOTHI ydyeTa 3TUX (PAKTOPOB BO MHOIOM 3aBHCHUT PE3YJIbTATUBHOCTH U
JIOCTOBEPHOCTh  pE3yJIbTaTOB  TEMaTUYECKOW  KJIACCUPUKAIMM  KOCMHYECKUI
n3o0paxkeHud. B Hacrosield crarbe  pacCMOTPEHbl  HEKOTOpPbIE  METOJbI
MCIIOJIb30BAHUSI ABTOMATUYECKON KJIaCCU(UKAIIMM KOCMUYECKHX H300paKe€HUM ISt
UIEHTU(UKALIMY, PAaCIIO3HABAHUS W KapTorpadupoBaHUs U3MEHEHUS OKpYKarollen
Cpellbl B paiiloHaX MHTEHCUBHOM 3KCIUTyaTallud MPUPOAHBIX pecypcoB Cubupu.

IKOJOTUYECKHUE INMOCIHEACTBUA TUAPOSHEPTETHYECKOI'O
CTPOUTEJBCTBA B PETUOHAJIBHOM MACHITABE

Cpenu CIOXKHBIX MPOOJIEM COBPEMEHHOCTH 0CO00 BBIJIEISIOTCS SKOJIOTUYECKUE,
3aTparuBarolue XHU3HEHHbIE nHTepech! Jrofei. B Cubupu k Hanbosee HapylIeHHBIM
OTHOCSITCSl €€ I0KHbIe paBHUHHBIE yacTH — OOb-UynsiMckoe u AHrapo-Enuceiickoe
MEXIypeubs:  374€Ch  CKOHLEHTPUPOBAHO  HACEJIECHHE, IPOMBIIUIEHHOE U
CEJIbCKOXO3SIICTBEHHOE TPOM3BOJICTBA, pa3BUTA TPAHCIOPTHAsE HWHOPACTPYKTypa.
[Ipennpusituss ~ »TOM  ypOaHMU3UPOBAHHOW  30HBI  SABJISIIOTCS ~ OCHOBHBIMH
3arpsiI3HUTENIIMA  TIPUPOJHON cpefpl Ha miomanu Oonee 500 Thic. km°. Ecmm
paccmaTrpuBarth OacceiiH EnHuces, TO 37ech 4YeTKO BBIIAENSIOTCA 2 00JacTH,
HKOJIOTUYECKOE COCTOSIHUE KOTOPBIX BBI3BIBAET 03a004€HHOCTh — Mo EHucero 310
tepputopun Bokpyr Kei3wbuia, AbGakana, KpacHospcka u Kancka, mo AHrape — B
paiionax MHWpxkyrcka - YepemxoBo, bparcka m VYcre-Mnumcka. B atux 30Hax
KapAWHAJIbHO  MpeoOpa3oBaHa  rujaporpaduueckas  ceTb, B pe3ylbTare
HEpPALMOHAJIBHOTO  IPUPOAONOJB30BAHUSA  3arpsA3HAIOTCA  BOXBI, BO3AYX W
reosiornueckas cpena. Curyauus TpeOyeT MOBBIIICHUS YPOBHS 3KOJIOTHMYHOCTH
TEXHOJIOTMYECKHUX MPOIECCOB OOJBIITMHCTBA MTPOMBIIIICHHBIX MPEANPUITHIA PETUOHA.



['maposHepreTrka, cnocoOCTByIoIIasi OypHOMY MPOMBIIIJIEHHOMY POCTY paHee
HEOCBOEHHBIX PETMOHOB, BMECTE C TEM OKa3bIBAE€T HEraTWBHOE BIMSHUE HA MPUPOIY
oOmupHbIx  Tepputopui. K M3BECTHBIM  OTPUIATEIBHBIM  TMOCIEACTBUSAM
ctpoutenscTBa ['DC, mpexie Bcero, OTHOCUTCS KOPEHHOE MpeoOpa3oBaHUe PEeUHOM
CeTU M M3MEHEHHUE BOJIHOTO PEXMMa PEK, CO3[aHHWE HOBBIX aKBaJIbHBIX OOBEKTOB,
CHUKEHHE MPUPOJHO-PECYPCHOTO TMOTEHIMAala PErMOHOB B CBA3U 3aTOIIEHUEM
NOMMEHHBIX 3€Mellb, JIECOB M MECTOPOXKICHUM MOJIE3HBIX  HMCKOMAEMBIX
(pa3BelaHHBIX U €II€ HE BBISBICHHBIX), IEPECEICHUE JIOACH, BBIHYXICHHBIX
W3MCHSTh TPUBBIYHBIA 00pa3 Xu3HU W T.J. K CylmecTBEHHBIM HEraTUBHBIM
MOCJICAICTBUSIM, CBSI3aHHBIM C CO3/IJaHUEM BOJOXPAHUIIHIL TAKKE OTHOCATCS:

— Pe3koe yMmeHbllleHHE WHTEHCUBHOCTH BOJOOOMEHA Ha y4YacTKax peK, TJe
MIOCTPOCHBI BOJOXPAHUIIMIIA, YTO CHI)KAET KaueCTBO BOJBI 32 CYET HAKOTUICHUS
3arpsi3HSIIONIMX BEIIECTB B BOJOEMAax W JIOHHBIX OTJIOKEHHUSAX, a TAaKXe€ B CBS3U C
M3MEHEHUEM XapaKTepa BHYTPUBOJIOEMHBIX IIPOLIECCOB;

— 3amMeJUieHHE Mpoliecca CaMOOYMINEHHUsl BOAbI B pekax. Hampumep, Boxa B
Enucee Hmwke Kpacnosipcka (Ha paccrosaun 250-300 kM) mortepsiiza CioCOOHOCTh K
CaMOOYHIIIEHUIO TIOYTH BIBOE;

— U3meHenue (kak mpaBWiIO, YXYALIEHUE) YCIOBUM OOUTaHUA BOJHBIX
’KUBOTHBIX, B TOM YHCJI€ COKPAIIEHUE YNCICHHOCTHU IICHHBIX BUJIOB PHIO;

— IloBbllieHNe ypoBHS MOJ3EMHBIX BOJ B BEpXHUX Obedax, CICACTBUEM YETO
SBIIAETCS MOATOIJICHUE U 3a00JIauMBaHUE 3EMETb;

— Ilonmxenue ypoBHSI MOJ3EMHBIX BOJI B HIDKHUX Obedax, 4yTo MPUBOIUT K
pa3MBIBY pycell peK B OCYIICHUIO TTOWM;

— H3MeHeHne MUKpOKIMMara B MPHOPEKHBIX 30HAX BOAOXPAHWIUI U HX
HIWKHUX Obedax. OCOOEHHO OMacHbI TyMaHbI, MPOBOIUPYIOIIUE 00pa3oBaHUE CMOTa
(manpumep, B KpacHosipcke);

— IIpomomxkaroiasicss MpakTUYECKH HEKOHTpoOJUpyeMas mnepepaboTka Geperon
BOJIOXPAHWJIMII, C Y€M CBsi3aHa  JIOTIOJHUTENbHAS  TOTEpPs  JIECHBIX W
CEIIbCKOXO3AMCTBEHHBIX 3€MEIb.

K ocHOBHBIM ycnioBusiM U ¢aktopaMm, GOpPMHUPYIOUIUM 3KOJOTHYECKUd (QOH B
Oacceiine Enncest, otHocsTCS:

— IlpupogHbie ycCJIOBUS, KOTOpbIE OIPEACISIOT 0a30BBIM HIKOJOTHUYECKUI
MOTEHLMAJI TeppuTOpur. Ha paBHMHAX 3TO TyHIPOBBIE, JECOTYHAPOBBIE, TACKHBIE U
JecocTenHble JaHamapTel (C pa3MYyHOW CTENEHbIO HAPYIIEHHOCTH); B Topax —
TYHJIPOBbIE, TyCTHIHHO-TYHAPOBBIE, PEAKOJIIECHO-TYHIPOBBIC U Ta€KHBIC JIAHAIIA(THI
(B OCHOBHOM COXpaHUBILIME €CTECTBEHHBIN MOTEHIMA TEOCUCTEM);

— OObekThl, 0OecrneynBaroIfe JIOJTOBPEMEHHYIO COXPAHHOCTh ASTaJOHHBIX
€CTECTBEHHBIX JIaHAMAPTOB — 0COOO0OXpaHsEeMble MPUPOAHBIE TEPPUTOPUU
(3am0BETHUKY, 3aKa3HUKH, HAIIMOHAJIbHBIE NTAPKU U JIP.);

— AHTPONOr€HHO-TEXHOTE€HHbIE ~ OOBEKThl,  OKa3bIBAIOIIME  HEraTHBHOE
BO3ACHCTBHE HAa  peXUM  (QYHKIMOHUPOBAHHUA  HPUPOJHBIX  DKOCHUCTEM:
JIOKaJIU30BaHHbIE (TOpoJa M HX MPOMBINUIEHHbIE 30HBL, TOL[ M Ap.); nuHElHbIE



(>xene3Hble M aBTOMOOWJIBHBIE JOPOTH, Ta30- U HedrenpoBoasl, JIDII); miomanHsie
(BOIOXpaHWIINILIA, pACTIAXaHHBIE 3€MJIM, OTKPBIThIE TOPHBIE Pa3pabOTKU U T.1.).

Muorue mnpeoOpa3oBaHUs HMEIOT HEOOpATHMBIA XapakTep — Hamlpumep,
BOCCTAHOBJICHHE MPEKHUX [MAPAMETPOB PEYHOM CETH, PEKOHCTPYUPOBAHHOW B
pe3yabTare THUAPOTEXHUYECKOTO CTPOUTEIBCTBA, BpsAA JHU BO3MOXHO. [IpakTuka
MOKa3bIBAET, YTO MOCJIEICTBHS MAaCIITAOHOTO BMEIIATEILCTBA B IPUPOIHBIE CUCTEMbI
B IIPOIIECCE NPUPOJOINOJIB30BAHUS HE BCErJa aJcKBaTHO OLECHHBAIOTCS KaK MpPH
IJIAHUPOBAHWHM  MACIITa0HOTO  CTPOUTENhCTBA, TaK W TPU  TPOBEICHUU
BOCCTAHOBUTEIBHO-PEKPEALIMOHHBIX ~ Meporpuatuili. Hanpumep, B  pe3ynbrare
THAPOTEXHUUECKOTO CTPOUTENhCTBA B MpKyTCKOW 00JIacTH 3HAYMTENbHAs 4YacThb
JOIMHBI peku AHrapa mnpeoOpa3oBaHa B KackKaJd BOJOXpaHwIuil. M3 30HBI
3aTOIUICHUS] TIEPEHECEHbl COTHU HACEJICHHBIX ITYHKTOB, IIOJ] BOJIOM OKa3aJlUCh
LICHHBIE JOJIMHHBIE CEJIbCKOXO3SIMCTBEHHBIE YroJibs. B paitonax I'9C BBIpOCIN HOBBIE
ropoja, pa3MeuleHbl MPOMBIIUICHHBIE MPEANPUATHS C BPEAHBIMU IIPOU3BOJICTBAMU,
Ha OIPOMHBIX IUIOIAJSAX CBEIEH JEC, 3arpsi3HeHa BOJA, BO3AyX W TNO4YBBHL. B
pe3yabpTare 30Ha Bo3naencTBud ['9C 1 BOAOXpaHUIUI] PACIPOCTPAHUIIACh HA MHOTHE
necatku kuiaometpoB. Ha puc. 1 mnpuBeneHsl pe3ylbTaTbl aBTOMAaTHYECKOM
KJacCU(PUKAIMA KOCMHYECKUX CHUMKOB, HArJISIIHO WJUTIOCTPUPYIOUIUE CTEINEHb
PETHOHAIBHBIX U3MEHEHUN B PailOHE KPYIHOI'O T'HJIPOTEXHUYECKOTO CTPOUTEIHCTBA
B Oacceiine peku AHrapa.

Puc. 1. Pe3ynbrarser aBTOMaTnueckoi kiaccudukanuu caumMkoB Landsat,
MOKA3bIBAIOIINE XapaKTep aHTPOIIOTEHHOM HAPYIIIEHHOCTH JTaHAMA(TOB TIPH
TUAPOTEXHUYECKOM CTPOUTEIIBCTBE M MPOMBIIIUICHHBIX JIECO3ar0TOBKAaX
peruoHaabHOTO MaciiTaba (AHrapckuii 6acceiin).

MaccuBbl HECBECHHOTO Jieca (3eIeHbIH 1IBET), 3aHUMatoT 0KoJ10 50% Tepputopuu.
[IpeobpaszoBanubie naHAMADTH (BEIPYOJICHHBIC Jieca, CENMTEOHBIE 30HbBI, CETLCKOX03SIICTBEHHBIE
YroJibsl) TOKa3aHbl OTTEHKAMH OPaH)KEBOTO M CBETIIO-KOPHYHEBOTO I[BETA. Pe3yprar
KIIacCHU(PUKAIUK KOCMHUYECKOTO CHUMKA B YTPHUPOBAHHBIX I[BETAX JACT HATJIATHOE MPEACTABICHHUE O
CTETIeH! M3MEHEHHSI PaCTUTEIILHOTO MOKPOBa B MacmTabax peruoHa



VYHukanabHble TpUpoaHbIe pecypcbl Cubupu (Jiec, moje3Hble UCKoNmaemble, Boja
U JIp.) IPOJOJDKAIOT aKTUBHO OCBAMBATHCS, IPU 3TOM HA BTOPOH IJIaH OTOABUIAETCS
CTPaTerUYeCKUil BOIPOC — COXPAHEHHE €CTECTBEHHOW IPUPONHON Cpeapl Kak
[JIABHOTO  NPUPOJHOTO  pecypca, 0€3 KOTOPOro HEBO3MOXKHO  COLIMAIIBHO-
HSKOHOMMUECKOE pa3BUTHE TEPPUTOPHUH B TOJTOCPOUHOM nepenektuse. K coxanenuio,
TEHJCHLIMS HEPALMOHAIBHON HKCIUIyaTallud TPUPOAHBIX PECcCypcoB AHIapCcKoOro
pervoHa HabOonaeTcs U B Ipyrux pernoHax Cubupu, Hampumep B OacceiiHe peku
Enncen.

Haunbonee  ocTpplMH  MpeACTaBIAIOTCS  MPOOJEMBbl  PAlMOHAIBHOIO
MPUPOAOIIOJIB30BAHUS B FOKHOHM, Hauboiee HaceleHHOM dYacTu EHucenckoro
OacceiiHa - B OTHENbHBIX palOHAX y4YaCTKH Pa3HOBPEMEHHBIX BBIPYOOK Jieca
3aHuMaroT 10 60-70% Tepputopun. UHTEHCHBHAS DKCILTyaTanus JIECHBIX PECYPCOB,
3arpsi3HEHHE BOJAOXPAHUIIUIL CTOYHBIMU BOJAAMU M 3aTOIUICHHBIM JIECOM MPOUCXOAUT
C OJHOBPEMEHHBIM PA3BUTHEM HEKOHTPOJIUPYEMBIX 3K30JMHAMHUYECKUX IPOLECCOB
Ha Oeperax BOJOXpaHWIMII: aOpa3us Oepero, OINOJ3HHU, OBparu. B pesynbrare
IIPOUCXOAMT JIONOJIHUTEIBHOE 3arpsi3HEHHE MOBEPXHOCTHBIX BOJA M COKpAILEHHE
IJIOIIAH JIECHBIX U CEJIbCKOXO35CTBEHHBIX 3€MEIIb.

NIAEHTUOUKAIINA MU KAPTOI'PAOMPOBAHMUME N3MEHEHUM
MECTHOCTH C HNCITIOJIB30OBAHUEM PASHOBPEMEHHBbIX
MATEPHUAJIOB KOCMUYECKOUN CHbEMKHU

3agaya wuaeHTUUKAMU W KapTorpaduUpoBaHUs H3MEHEHHM MECTHOCTHU
SBJISIETCS OJHOM W3 3ajad, TPyAHO (OpMaIU3yeMbIX C KapTOrpauyecKod TOUKHU
3peHUs, U TaKXKe TPYAHO peanuszyemont mpaktuuecku. [Ipuemsl kapTorpadupoBaHus
M3MEHEHUM MECTHOCTH C HCIOJIb30BaHUEM TOMOTpadUUecKuX KapT OCHOBAHBI Ha
MIPUMEHCHUUN CIEIUAIIBHBIX YCIOBHBIX 3HAKOB W MCIOJB30BAHUM OTIMYAIOIIETOCS
nBeta (IMMypHOypHBIA) IS OTOOpa)KEHUsI OTACIBHBIX H3MEHHUBIIHUXCS JJIEMCHTOB
MECTHOCTH. OTOT MOAXOJ OCHOBAaH HA KOHIEHIMM CTaTHYSCKOTO COCTOSIHHUS
MECTHOCTH M IPEJIOIAracT OTHOCUTEIBHO HE3HAUYUTEIIbHBIE H3MEHEHUS 3JIEMEHTOB
MECTHOCTH C MOMEHTa MPEABIAYIIETO M3AaHHUS KapThl. TakoW IMOAXOJ OrpaHUYEH
0COOCHHOCTSIMHU COACPIKAHUS U TEXHOJOTHH U3TOTOBJICHUS TOIOTPpadUISCKUX KapT H,
KaK CJIEICTBHE, SIBISETCSA TPYAOEMKUM M dKOHOMUYECKH HedpheKTuBHBIM. C TOUKH
3peHuss Mopened maHHbIX nOpuHATBIX B ['MC, 9TOT moaXoa OCHOBAaH Ha
KCMOJIb30BAHUHU BEKTOPHON MOJEIN JAHHBIX.

B caydae CymecTBEHHBIX M3MEHEHWM MECTHOCTH WM TIpU  3aj]ade
MePUOIMYECKOTO MOHUTOPUHTA 11€JIECO00Pa3HO UCMOIB30BaTh METO/Ibl, OCHOBAHHbIC
Ha aHaluM3e M KiIacCU(UKAIUU PA3HOBPEMEHHBIX a’dp0- M  KOCMHYECKHX
n300pakeHu. DTU METOAbl 0a3UPYIOTCS Ha HCMIOJB30BAaHUU PACTPOBOM MOACIH
nanHbiX ['IC. PacTpoBble MOAEIN TaHHBIX MO3BOJISIIOT PEIIATh 3a4a4y MOHUTOPUHTA
M3MEHECHHH C TPUMECHEHHUEM JOBOJIBHO S(PQPEKTHUBHBIX METOJO0B M aJITOPUTMOB,
HCMOJI3yEMbIX B CHCTEMAX aHAIU3a JAHHBIX JUCTAHIMOHHOIO 30HIUPOBAHUS.

OcHOBHBIE METOJBI UACHTH(PUKAIINYA U3MEHEHU MECTHOCTH Ha OCHOBE aHaJIN3a
Pa3HOBPEMEHHBIX a3PO0- U KOCMUYECKHX CHUMKOB MOYKHO YCJIOBHO MOAPA3NEIUTHh HA
TPU TPYHIBL: METOABI C WCIIOJIB30BAHUEM HEMOCPEACTBEHHO TOJBKO HCXOAHBIX
M300paKEeHU, METOJBI C UCIIOJIb30BAHUEM PE3YIABTAaTOB 00pabOTKN M300paKeHH, U



METOBl UCTOIB3YIONINE Pe3yabTaThl KapTorpadupoBanus mo cHuMKam. llepBbie nBe
IPYNIBI HETUKOM OCHOBAaHbBI Ha pacTPOBOM MOJIENU JIAHHBIX, TEXHOJIOTUU MOCIEAHEH
TPyl UCHOJB3YIOT PACTPOBBIC JAaHHBIC JIsl BBIJIEJICHUSI TPaHUI] OOBEKTOB B BHJIEC
BEKTOPHBIX 00BEKTOB u nociexyroumen 00paboTKOii pE3yIaBTaTOB
KapTorpagupoBaHUs Ha OCHOBE BEKTOPHOU MOJIENU JaHHBIX.

Hcnonb3zoBaHue MCXOJHBIX  HM300pKEHUN  MOJIpa3yMeBaeT  BBIMOIHEHUE
Pa3IUYHBIX aIreOpanyecKuX ornepaluidi ¢ CHHTE3UPOBAHHBIMU U300pakeHUsIMU (W
OTHENbHBIMH CIIEKTPAJIbHBIMU KaHaJlaM{), HalpUMEp BbIYUTaHUE (WU JCIICHHE)
ogHOTO u300pakeHUsT u3 Jpyroro. HeHyneBble THUKCENBl PE3yAbTHPYIONIETO
M300paKEHUS MOTYT COOTBETCTBOBAaTh IOJIOKUTEJIBHBIM HJIM  OTPULIATEIbHBIM
M3MEHEHUSIM 3JIEMEHTOB MECTHOCTH. MIHTYyWTHBHAs mpOCTOTa U MPHUBJIEKATEIILHOCTD
JAHHOIO TIOAXOJla JIOBOJIbBHO OOMAaH4YMBa, IOCKOJbKY HAa YHUCJICHHbIE 3HAYEHUs
MIMKCEJIOB B MCXOJIHBIX M300PAKEHUSAX BIMSAET MHOXKECTBO (PAKTOPOB, CBSI3aHHBIX KaK
C pealbHbBIMH H3MEHEHHUSIMH COCTOSHUSI M MECTOIOJIOKEHHUSI OO0beKTa, TaK H
YCIOBUSIMH TIOJIyYEHUSI CHUMKOB M €CTECTBEHHBIMU CE30HHBIMH HW3MEHEHUSIMU
MECTHOCTH.

OnHUM U3 TOAXOJOB K PEIICHUI0 ATOM MPOOIEMbl SIBISETCS HCIOJIb30BAaHUE
pe3ynbTaToOB MpeABapUTENbHON 00paboTku n3o0pakeHuil. Croga OTHOCUTCS OLlEHKa
OUHAMHKA  W3MEHEHUST MECTHOCTM Ha OCHOBE CpPaBHEHUS  pPE3yJbTaTOB
KJaccu(puKanuyu  pPa3HOBPEMEHHBIX CHHUMKOB, HCIIOJIb30BAHHE BETE€TAIIMOHHBIX WU
IpYTHX HMHIEKCOB, HCMOib30BaHME Merona PCA (MeToj IaBHBIX KOMIIOHEHT, IpH
KOTOPOM  BBINOJHSETCA ~ JEKOMIIO3MIMS ~ pPa3sHOBPEMEHHBIX  CHUMKOB  Ha
NPUHIUINAIbHBIE KOMIIOHEHTBI, HEKOTOpPhIE M3 KOTOPBIX MOTYT COJEpXKarb
CYILIECTBEHHYIO MH(MOpMAIMI0 00 M3MEHEHHUSIX MECTHOCTH), W JApYyrHe. JTa TrpyIia
METOJIOB SIBJISIETCA HanboJiee NEPCHEKTUBHOM M MHTEHCUBHO Pa3BUBAIOILIEHCS.

[Ipy cpaBHUTENBHOM aHajIM3€ AaHHBIX PA3HOBPEMEHHOTO JHUCTAHIIMOHHOTO
30HAMPOBAHMS YBEPEHHO BBIIEIISIOTCS HaubOoJIee N3MEHSIEMbIE 3JIEMEHThI MECTHOCTH,
pEruCTpUpyeMble Ha Marepuagax KOCMUYECKOW ChEMKU. B 4YacTHOCTH, K HHUM
OTHOCATCS BCE HAPYIICHUS €CTECTBEHHOIO COCTOSIHUS JIECHBIX MaCCHUBOB, N3MEHEHUS
3€MJICTIONB30BaHUs, NIPOMBIIIJIEHHOE OCBOEHUE TEPPUTOPUIMl M mpouee. PucyHok 2
WJUTIOCTPHUPYET HCIIONH30BAHUE aBTOMATHYECKOW KIacCHU(UKAIMKA PAa3HOBPEMEHHBIX
KOCMUYECKHX CHUMKOB Landsat jyist MOHUTOpUHTa W3MEHEHUN MECTHOCTH B pailoHe
KpacHosipcKOro BOIOXpaHUIIMILA.

CpaBHUTENBbHBI  aHAIU3  PE3YJbTAaTOB  HEYNPAaBIsAEMOM  KJacCU(UKAIUU
MOKa3bIBA€T HAJMYKE CYIIECTBEHHBIX U3MEHEHUH MECTHOCTH, OJHAKO OKOHYATEIbHOE
3aKJIIOYEHHE MOXET ObITh CIIeTaHO MOCe BCECTOPOHHETO aHan3a BCEX JOCTYITHBIX
METOJIOB ompeeeHus: u3MeHeHnil. Hanpumep, BereTalimoHHbIA MHIIEKC AaeT Ooliee
MOJIHOLEHHYIO KapTUHY Iu(d@epeHrnpoBaHusl pacTUTEILHOTO MOKPOBA W IOYB Ha
(doHe BOMHBIX TOBepXHOCTeH (cM. puc. 2). s yTOUYHEHHMS CTENEeHU H3MEHEHUS
KOHKPETHBIX OOBEKTOB MECTHOCTH PAallMOHAIBHO HCMOIb30BATh METOJ yNpPaBIseMON
KJIacCU(UKAIIUU C BIOOPOM 00y4aronux MOJUTOHOB. Puc. 3 wmocTpupyeT nerainu
MPUMEHEHHUST YMpaBIsieMOl KilacCH(pUKAUA Ha TPUMEpPE W3YUYEHUS JTHUHAMHUKA
OeperoBbIX MPOIECCOB C UCTIOIB30BAHUEM TEX K€ MCXOAHBIX MaTepHaNIOB.
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Puc. 2. MOHUTOpPUHT SK30JJMHAMUYECKUX MPOIECCOB Ha Oeperax KpacHosipckoro
BOJIOXpaHWJIMINA B palioHe 3a1uBa TOUMIIBHBIN ¢ UCIIONIb30BaHMEM CHUMKOB Landsat,
nosrydeHHbIX B 1989 u 2006 ronax. CHHTE3UpOBaHHbIE CHUMKH B €CTECTBEHHBIX
1BeTax (clieBa), pe3yJbTaThl aBTOMATUYECKOM KacCU(pUKAINK (B LIEHTPE), U
BEreTallIOHHBIE UHJIEKCHI (CIIpaBa)

E£3 1989 _fragm o ||TETER

» §Band 50f6: 5 um

a1989jragm supervised = e a2006jragm supervised o @ =]

ﬂlQSQ_fragm Spectrum4 o || 38| 31989_fragm Spectrum3

Selection pt: 2, # neighbors: 9 Selection pt: 1, # neighbors: 19

=

m Mean (red) Value
97.5556

=
3

Mean (red) Value

94.0526
43.2632

533158 8825 %
48.3684
95.2105 72.50
63.5789

107.00

104.00
45.0000
621111
511111
103.2222
70.0000

90.75 %

7450

~O1 & G =
O W =

58.25

42.00

2 1.00 el
1.0000 1.8571 2.7143 3.5714 4.4286 52857 6.1429 7.0000 1.0000 1.8571 27143 3.5714 4.4286 52857 6.1429 7.0000
[V Scale [ 10x [v Scale [~ 10

Puc.3. MOHUTOPHUHT 3K30IMHAMUYECKHUX MpolieccoB Ha Oeperax KpacHosipckoro
BOJIOXpAHWJIMINA B paiioHe 3a1uBa TOYMIBHBIN C UCTIOJIb30BaHHEM CHUMKOB Landsat
(1989 u 2006 rr). /IBEe onopHbIe TOYKH (3TAIOHBI) KCTIOJIb30BaHBI 1JI MOCTPOCHUS
oOyJaroniel BEIOOpKHU s Kitaccudukauu noopaxenuid. [IpuBenennsie rpaduxu
MOKAa3bIBAIOT CIIEKTPAJIbHBIE KPUBbIE KaK10M 00yUaroiiei BbIOOPKH



Kak BMOHO W3 IPUBENCHHBIX WJUIOCTPALMM, pPE3yJabTaTbl aBTOMATHYECKOU
KJacCUPUKAMK M300pakK€HUH TECTOBOIO IIOJUIOHA IIOKa3bIBAIOT OUYEBUHBIC
U3MEHEHUS] KOHKPETHBIX 3JIEMEHTOB MECTHOCTH U MOTYT OBITh HCIOJIB30BAHBI IS
KOJMYECTBEHHONM OLEHKM IUIOIIAJA M  OIpPEAENICHUs CKOPOCTH HW3MEHEHHUH.
IIpakTHyeckue HCCIEAOBAHMS IOKA3bIBAKOT, YTO IPU CPABHUTEIBHOM aHAJIU3E
JAHHBIX Pa3HOBPEMEHHOI'O JIHCTAHLIMOHHOTO 30HIMPOBAHMS JOCTaTOYHO YBEPEHHO
BBIJICTISIIOTCS. HanboJiee M3MEHSEMbIE AJIEMEHThl MECTHOCTH, PErHMCTpUPYEMbIE HA
Marepuagax KOCMUYECKONM ChbeMKHU. B 4acTHOCTH, K HUM OTHOCSTCS BCE HapYILLCHMS
€CTECTBEHHOTO COCTOSIHUSA JIECHBIX MAaCCHUBOB, TAKHE KaK Pa3HOBPEMEHHBIC BHIPYOKH,
rapy, CEJIbCKOXO3AMCTBEHHBIEC 3€MIIM, JOPOXKHAs CETh, JUHUM DIIEKTPOIIEpenad, H
Ipyrue OObEKTHI.

OrcnexxuBaHue JIUHAMUKM W3MEHEHUMH MECTHOCTH C  OTOOpaKeHHEM
Pa3HOPOAHBIX  KAaTeropud  OOBEKTOB C  TOKAa3aHMEM  IOJIOKUTEIBHBIX H
OTpHILATEIbHBIX U3MEHEHHUH (B TEpPMUHAX U3MEHEHHUS MOJIOKEHUS, pa3Mepa, IIouaau
U arTpuOyTUBHOIO COCTOSIHUS), SIBJISIETCS CIIOKHOM 3ajauei, 3aBUCSIIEH OT
ONpENENICHHOIO THUIA M3MEHEHHMH B KOHKPETHOM TIe€OorpauuecKoM pETHOHE.
Hcnonp3oBanue cepur pasHOBPEMEHHBIX CHUMKOB, ITOKPBIBAIOIIUX 3HAYUTEIbHBIC
TEPPUTOPUM 3a CYIIECTBEHHBIM WHTEpPBAll BPEMEHU SBIACTCS HETPUBUAIBHOU
3ajjaueil € TOYKM 3pEHUs KapTorpaduyeckod BHM3yalnu3alMu U TpedyeT
JOTIOJIHUTEIIBHBIX TEOPETUUECKUX U NMPAKTUYECKUX UCCIICIOBAHUMA.

© A.A. T'uenxo, I''A. I'uenxo, M.O. I'osopos, 2012
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1. Bgenenue u ob1iee onucanue

HayuHno-nccnenoBarenbCkuii MHCTUTYT Teoae3uu, Tornorpadun u xaprorpadun
(HUUT'TK) cosznan 24 suBapst 1954 r. 1 Haxoautces B T. 3au0bl B 3 kM ot I[paru. C 1.
01. 2007 r. on nedictByeT Ha ocHoBe 3akoHa Ne 341/2005 «CO6. 00 oOuIeCTBEHHBIX
Hay4YHO-HUCCIIEA0BATEIBCKUX yUpexkaeHUs X 1 CBUIETENbCTBA 00 yUpexAeHUN» OT 13.
06. 2006 1. Yupenurensmu HUUI'TK sBnstorcs Yemickoe 3eMIEU3MEPUTENBHOE U
kanactpoBoe ympapieHue (UY3KY), koropoe OCylIeCTBISIET KOHTPOJIb 3a €ro
nesaTesbHOCThI0 uepe3 Hanszopueii coser. Ilpeacemarenem HanzopHoro cosera
oObryHO  siBisieTcst  3amecturens npexacenarens UY3KY. upekrop HUUITK
yTBepxknaercs npencenarenem U3KY mno npencraBinenuto CoBeTa WMHCTUTYTa Ha
OCHOBE PE3YJIbTaTOB OTKPBHITOIO KOHKYpCa.

C 1.01.2007 . HUUT'TK Bxmtouen B IlepedeHp OOIIECTBEHHBIX HAy4YHO-
HCCIIEIOBATENbCKUX YUYPEKICHUM, KOTOphIM Beaer MUHHCTEPCTBO 00pa3oBaHMs,
Mostonexu u criopra Yemickoit Pecriyomuku (UP) [5].



HUUI'TK oOecneunBaer (QyHAaMEHTaIbHbIE Hay4dHbIE HCCIEIOBAaHUSI U
pa3paboTKku B 00JIacTH Treojie3uu, Kaprorpaduu U kagactpa HeaBwkumocteil (KH),
pa3paboOTKy, UCTIBITAHUSI U BHEAPEHUE HOBOW TEXHUKU, TEXHOJIOTUM ¥ IPOrPaAaMMHOTO
oOecrieueHust U MpodecCUOHANIbHBIE KOHCYJIBTAIlMU B TAKUX 00JacTsIX Kak [4]:

— Teonesus u reoquHaMuka;

— Iloctosanas ciryxx6a GNSS (1GS);

— HMHxeHepHas reoaesus;

— Cozganune u Benenue KH;

— MHUccnenoBanus, pa3paboTka W COBEpIIEHCTBOBaHUE ., Hgopmayuonnoli
cucmemul 2eooe3uu, kapmozpaguu u kadacmpa* Kak KICTOUHUKA WH(HOPMAIITOHHOTO
peructpa ['ocynapctBeHHOM nH(OpMaMOHHOM cucTeMbl UP;

— Mertponorus ¥ cTaHIapTU3ALINS;

— OrpacneBoit undopmanuonnsii nentp (OUL) u ,,3emiensmeputenpHas
oubamoreka“.

* Y4ebHbI LEeHTp

Coser ----| Hupexrop HUUT'TK ---1 HanzopHsblii coBeT
3aMm. IUpeKTopa VYuéH. cexperapb
| |
HHO
GIS u KH
. HUO reone3un
L HUO OU U TEOTUHAMUKHU
SKOHOMHUKH " SeMneI/LII3M HUO metpou.
¥ DKCILTyaTall. > « 1 MHK. TCONI.
oubmmoTeka « ABTOpU3HD.

| METPOJIOTHY.

* Undp.ueHtp no LEHTP
CKaHMp.CTapbix Otzen * AKKpeauTHp.
KapT e KaJMOPAaIOH.

'O ,,[emmpt naboparopust
(GOPE)

Puc. 1. Opranuzanuonnas crpykrypa HUUI'TK

Opranuzanuonnas crpykrypa HUMI'TK u ero nmoampasmenenunii moka3aHa Ha
puc. 1. OrmeTuM TOJNIBLKO, UTO B cocTaB HayuHo-uccnenosarensckoro otaena (HHUO)
reoJie3u U TeoJAuHaMuKu BxoauT leoxesunueckas obcepmatopus (I'O) Ilemnsi, B
HHNO metponornu m WHKEHEPHOU Treole3uu - ABTOPU30BAHBIA METPOJIOTHYECKUI
IEHTp W AKKpeIuTHUpOBaHHAs KaiuOparmonHas nadoparopus, a B8 HUO OUIl u
,»3eMJIeu3MepuTeabHas OubmuoTeka™, KoTopas sBiuseTcs KpynHeimeid B YP
oubmmorekoit reome3mu, kaprorpadpum u KH (ocH. B 1954 1.; BkiIodueHa B
rOCylIapCTBEHHBIM MepeueHb Oubmuorek MunuctepctBoM KynbTypsl UP mom Ne
2599/2002, B xamkHOM (PoHIE KOTOpoit umeeTcs okosio 45 000 enuaMIl XpaHEeHUS Ha
30-Tu s3bIKaxX, B T.4. HA PyCCKOM SI3bIKe, M3MaHHBIX B 1660-2012 rr.), Y4eOHbIi 1IeHTp



u ludpoBoit 1EeHTp MO CKAHUPOBAHUIO CTAPUHHBIX  KapTOTpaduueCcKux
IIPOU3BEICHUMN U MTyOIMKAIIHMA.

[Tpu HUUT'TK Takxe padotaet Tepmunonoruueckas komuccus Y3KY.

C 1955 r. HUMI'TK wuznaer pedepatuBHbiii xypHan ,,Novinky zemémeéticke
knihovny* (,,HoBuHKM 3eMiien3mMepuTebHON OMOIMOTEeKH ), MOHOTpaduu, COOPHUKHU
koHbepeHnuui, rogoBoit oruer 1 CD-ROM. Bcee atu my6nukaruu, kpome CD-ROM,
BBICTABJISIIOTCA Ha BeO-CTpaHUIAX MHCTUTYTa, KoTopble Beayrca ¢ 1997 1. Uto
Kacaercs pedeparuBHOTO XKypHana ,Novinky zemémeétické knihovny®™, To oH
CHayaJsa BBIXOJIWI MOJ Ha3BaHueM ,Literarni hlidka® (,,Jlutepatypuslit matpyns‘), rue
MyOTMKOBAJIMCh aHHOTAITUU OTEYCCTBEHHBIX U MHOCTPAHHBIX T€OAC3UYECKUX KHUT U
crarbeil, B T.4 n3 CCCP. JXypHan mnomydanu TakKe HayyHblEe YUYPEXKICHHS 3a
pyoexxom. OpHoBpemMeHHO ¢ HUM B 1971 1. Hauanm u3gaBathes kypHan ,,Prehled
informaci (,,MadopmanmonHoe 0003peHue), TAe NYOJMKOBAINCH  TOJBKO
COKpallleHHbIE TIEPEeBOJIbI MHOCTpaHHBIX cTareil. Hakonen, B 1987 1. aTu KypHasbl
ObLIM 00BETMHEHBI B OJIMH 10 00IMM Ha3zBaHueM ,,Prehled informaci®, mpu aTom k
paznenaMm ,,AHHoTamuu wu ,JllepeBogsl Obu1  gobGaBineH pasgen ,,HoBbie
noctymieHusa’. C 1998 . xypHan BbIXOAUT 1oJ Ha3BaHueM ,,Novinky zemeémeéticke
knihovny* [3]. B mpouom HUT'TKHU taxke uznasan sxypHai ,,Zpravy a pozorovani
Geodetické observatofe Pecny* (,,CooOmenuss u Habmoneaus [eome3nueckoi
obcepBaropun Ilennsr”, Beixomwa B 1966, 1979-1990 rr.). C 2002 r. HUI'TKU
oOcimykuBaer  BeO-cTpaHuilbl  KOOpIMHAIIMOHHOTO  KOMHTETa  €BPOICHCKHUX
reoae3uctoB (,,The Council of European Geodetic Surveyors“ — CLGE; URL:
http://www.clge.eu/) [4].

CoTpyIHUKM HWHCTHTyTa TakKe paOOTalOT B BBHICIIMX YYEOHBIX 3aBEACHHIX
Yexun U MPEACTaBISIOT HHTEPECH OTPACTU B PSIe MEKIYHAPOIHBIX OpTraHU3AIIHM,
Hanpumep, B paboueil Tpymie Mo KayecTBy 0ObEAMHEHUSI €BPONEUCKUX KapTorpado-
reofe3ndeckux ciayxo ,,EuroGeographics®, MexayHapogHOM TI'€0IEe3UYCCKOM |
reodusudeckom corose - MITC (,,International Union of Geodesy and Geophysics® -
IUGG), XXV-tas renepanbHasi accamOinest koroporo cocroutcst B 2015 1. B Ilpare,
denepanun  pankorosopsnmx (hpaHkoPoHHBIX) Teonae3nucToB (,,Fédération des
Géometres Francophones” - FGF), KoopauHaIlMOHHOM KOMHTETE €BPOIEHCKUX
reone3uctoB (,,The Council of European Geodetic Surveyors® — CLGE) u . 1.

Brimonnenne 3amad, CTOSIIMX TeEpel HMHCTUTYTOM —oOecrieynBaioT 60
COTpyaHUKOB (cM. Tab. 1).

HUUT'TK ¢unancupyerca CoBerom mnpasutenbcTBa YP mo wuccienoBaHusM,
pa3paboTKaM M HWHHOBAIIMSAM Ha OCHOBE JOCTHUTHYTBIX PE3YJAbTaTOB B HAyYHBIX
WCCJICIOBAaHUSAX, a TakkKe Ha OCHOBE IPOCKTOB, KOTOPHIE HWHCTHUTYT BBIUTPACT B
pe3yapTare OTKPBITBIX KOHKYPCOB, IPOBOAMMBIX IpaHTOBBIM areHTcTBoM YP
(bynnameHTanbHble  HCCeNOBaHUS) W TexHoJIOrMYecKUM  areHTcTBoM  YP
(mpuxmanHeie uccienoBaHus). W3 TocygapCcTBEHHOTO OroipkeTa HWHCTHTYT HeE
buHaHCHpYyeTCA.

Jlns Oojee ACTABHOTO O3HAaKOMIIGHHS ¢  gesrenbHocThio HUMITK
1eecoodpa3Ho MpocMoTpeTh ero BeO-ctpanuisl Ha URL: http://www.vugtk.cz/ [1].
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Taomuna 1

CocTaB COTPYIHUKOB 10 00Pa30BAHNI0 U KBAJIM(PUKATNHT
(o coctostamto Ha 31. 12. 2011 r.)

® COTPYIHHUKH C BBICIIUM 00Opa3oBaHueM (OakagaBp, HHKEHED, MarucTp) 42
B T.4.: " Hay4YHBIC COTPYIHHUKHU 19
- ¢ Hay4yHbIM 3BaHueM J.¢.-m.H. win a.1.H. (DrSc.) 3

- C Hay4yHO-TIeIarOTMYECKUM 3BaHKUEM mpodeccop 3

- C Hay4HBIM 3BaHHEM K.(.-M.H., K.T.H. (CSC.) mau a-p (Dr., Ph.D.) 16

" JIOKTOPAHTBI 6

® COTPYJHUKH CO CPEIHHM CIEIHAIbHBIM, CPETHIM U Ha4aJIbHBIM 00pa30BaHUEM 18
Bcero 60

2. HayuyHno-nccnenoBareiabCKue padOoThl MOCISTHUX JIET

2.1.HUO «Teorpadpuueckue HHPOPMAIMOHHBIE CHUCTEMBI U  KaJacTp
HEIBUKUMOCTEN»

Boinonnsier wuccnenoBanuss u  paszpaborku B oOmactu TMC, reonesun,
kaprorpaduu nu KH, pemaer 3amaun no nogaepkKke MCCIEIOBAHUNA U pa3pabOTOK B
CMEXHBIX 0071aCTAX, IPOBOAUT XO3IWCTBEHHYIO M KOMMEPYECKYIO JIEATEIbHOCTb.

Pa3pabotku otnena:

— Ilporpammuas cucrema «DIKAT» nna  co3ganus W BelIEeHHS
uHpopmaronnoi cucteMsl (MC) o Tepputopusix, npuMeHsemast Harp. JJisl CO3JaHus
NC Ha OCHOBE pE3yJabTaTOB  KOMIUIEKCHOIO  3EMJICYCTPOMCTBA MW JUIS
aBTOMAaTU3UPOBAHHOIO COCTABIIEHUS TONOrpaduyecKux (reoOMeTpUYECKUX ) MIIaHOB;

— HC nng nokanu3anuu  HEIBWKHMBIX — KYJIBTYPHBIX ITaMSATHUKOB  JUIS
MunucrepcTBa KynbTypbl UP;

— HWC nng xpu3UCHOTO MEHEI)KEMEHTA MPU HaBOJHEHUSIX Mg MHTerpanbHO
crnacarelibHOM cuctembl YP;

— TexHonorusi OLIEHUBAHUS KauyeCcTBAa Ie€OJaHHBIX MPU M3MEPEHHUU BBICOTHBIX
0OBEKTOB JIs1 YIIpaBiIeHUs NOJETaMU BO3AYIIHbIX cyqoB UP;

— TexHonorus u BeO-anmIMKalus IJs1 COCTaBICHUS TONOrpauuecKoro miaHa
B cpeae Wurtepnera. 3a pa3paboTKy 3TON TEXHOJOTHMH WHCTUTYT OBLT HarpakiacH

MpecTHKHON TocynapcTBeHHoM mpemueit YP |, Industrie B konkypce ,Yemickas
rososa 2007 (,,Ceska hlava 2007).

2.2.HNO OrtpacneBoii MHGOPMALMOHHBIM LEHTP M «3eMiien3MepUTeIbHas
ouGoTeKa

HIO OULI 1 «3emiten3MepuTeIbHas OHOImmoTeKa”™» 06ECIEUHBAIOT BBIIONTHEHHUE
CJICAYIOIIUX BUIOB padoT:

— KowmmiektoBanue ¢oHaa (MOUCK U MOPHOOpPETEHHUE JIUTEPATyphl, COOP
oTpaciieBoil MH(}OpMaluu, MOANUCKA HAa TNEPUONUYECKUE W3/IaHus, IOIyYeHHUE
J0CTYTA K 3JEKTPOHHBIM BEPCHSIM JKYypPHAJIOB U T.I1.);

— bubnuorpapuueckas u  uHPOpMaLMOHHAs  00pabOTKa  IMONTY4YEHHOMN
(mpuoOpeTeHHO) TUTEpaTyphl U CHAOKEHUE €€ AaHHOTAIUSIMU;



— CuyxObl 111 OTpacid © OOIIECTBEHHOCTH: apXWUBAIMs CBEACHUU W
JIOKYMEHTOB OTpaciii, 00ecreueHre MpoIecca BblJaun-BO3BpaTa JIUTEPaTyphl;

—  Cmyx0a UHTErPUPOBAHHON BUPTYaJIbHOU «3eMIIen3MepUTETLHON
OUOIHOTEKH » [UTs1 YIAJICHHBIX YUTATENCH;

— Joctyn k karajmory Oubmmoreku, HacumthiBatomen 110 000 3ammceit, u
upoBoil 0aze MAaHHBIX TEOAEC3WUYCCKUX KypHaIoB Ha WHTepHeTe (mMpuMeHsemast
ounbimmoreuHnas cucreMa TinWeb oOmiaeTcs ¢ ynrareleM Ha JEBATH SA3BIKaX, B T.4. HA
pycckom) [2];

— MWspanme pedeparuBHoro sxypHana «Novinky Zemémérické knihovny»
(«Hosunku 3emneuszmepumenvroti oubnuomexu) [3];

— Benenue VYueOHOro ueHtpa (MIpOBEICHUE CEMHHApPOB M KypCOB TIO
aKKpeIuToBaHHBIM yueOHbIM ITporpammam HUUT TK);

— DOkcryatarus  [ludpoBoro meHTpa 1O CKaHUPOBAHHWIO  CTAPWHHBIX
KapTorpaduyecKkux mpousBeAeHui u myonukamnuii (ocHoBan B 2007 r.);

— HudopmanmonHoe obecrieueHue oTea U caiiTa HHCTUTYTA.

2.3.HUO reone3uu u reoquHaMUKA

Brinonusiet noctosiHubie (PyHIaMEHTaIbHBIE UCCIEIOBAHUS B 00JIACTSIX !

— Hayunsle acniexTs! onpeneneHusi Mmectonoioxenus merogoM GNSS;

— Onuca"ve TPaBUTALMOHHOTO MOJs 3€MJIM M MaTeMaTUYECKUE METObI
(hU3UYECKOM TeOIe3UH;

— Wsyuenue aunamuku opout UC3;

— H3ydeHue rpaBUTAIMOHHOIO MOJS METOJaMU KOCMUYECKOW (CITyTHUKOBOM)
re0JI€31H;

— HccnenoBanue mnepuoaMUYE€CKUX BPEMEHHBIX BapHaluii TpaBUTAIIMOHHOTO
TOJIs 3eMJIu;

— HccnenoBanue BEPTUKAIBHBIX ABUKEHUN 36MHOU KOPBI;

— Pemaer akTyanpHble 3a7aud  OTpacid B 0OJACTU TMOCTPOCHUS U
MOJEpPHU3ALNMN Teo/ie3ndeckux cereil UP M ux HHTEerpamum ¢ Teoae3UYeCKUMU
ceTssMd EBpormbl, Hamp. MOHUTOPUHT CTAOWJIBHOCTH KOOPAMHATHOM CHCTEMBI U
crabunpHocT GNSS  crannmii, BblumciaeHue wmoxpenu keasureomaa (CR-2005),
MOJEPHU3ALNIO0 KOOPAUHATHOM CUCTEMBI ETMHON TPUTOHOMETPHUUECKON KaJaCTPOBOU
cetu (S-JTSK);

— Bener nonroroBky k BBenenuto Becemupnoii cuctemsl BoicoT (WHS).

2.3.1. Teone3uueckas odcepBaropus [lenHpl

I'eone3nueckass obOcepBatopusi Ilennbl, ocHoBanHas B 1957 1., sBusercs
reofie3uyeckoil 0a3zoil sl  acTpoMeTpuyeckux, rpaBumerpuueckux u  GNSS
Habmonenuit B Yenickoit Pecniyonuke. Ha ee Tepputopun pacnosioskeHa NOCTOSIHHAsS
pedepenmnas craniua GNSS, cranmus esporneiickoit pedepeninoit cetu EUREF,
CpPaBHMUTEJbHBIA acTpoHOMUYeCKUi NMyHKT AGS, aOCOMIOTHBIN TrpaBUMETPUUYECKUN
IYHKT, ()yH/JaMEHTaJbHbIN BBICOTHBIN pernep U cericMorpadg.

B o6cepBaTopuy BHIIOIHSIOTCS CIIEAYIOIINE OCHOBHBIE PaOOTHI:



— HaGmronenus na crannmu GNSS (mausarer B centsiope 1993 r.). B 1995 r.
CTaHIIMs BKJIIOUEHA B cocTaB miobanbpHoi ciry:k0bl IGS (International GNSS Service);

— Oo0ecrieuenue dKciutyaranuu 4-x BHemHux crannuii cetu CZEPOS wu
nepeadu OT HUX JaHHBIX;

—  MOHUTOPUHT CTaOUITLHOCTH BCeX oOCTyxuBaeMbIx ctanimii GNSS;

—  DKcIUTyaTalrys perioHaaIbHOrO aHaIuTHYecKoro neHTpa qaHabix (RDC) IGS
(BBIUMCIIEHUE KOOPIUHAT CTAHIMH, TOYHBIX dpemepua opout MC3, monpaBok 4acoB
GPS u craHuuil ciaekeHHs, NapaMETPOB BpallleHUs 3eMiId M T.II.) M Iepeaava
MIOJTYYCHHBIX PE3YJIBTaTOB B MEXKIYHAPOIAHBIN IICHTP JTaHHBIX;

— H3MepeHus TNPWIMBHO-OTIMBHBIX BO3MYIIEHUH TpPaBUTAIIMOHHOTO OIS
BeimoHsAI0oTCS ¢ 1970 1. (0OpaboTka HaOMIONEHWH, Mepenaya pe3yinbTaToB B
MexnyHapoaHbIii LEHTP IO 3€MHBIM IpwiMBaM B bproccene. [nsg stux uenen
oOcepBaTopust OCHAICHa a0COIIOTHBIMU M CBEPXIIPOBOISIIUME IPAaBUMETPAMHU ).

2.4. HUO metposoruu, cTaHAapTA3AIMN 1 UHKEHEPHOU reo1e3un

BrinonHsieT uccneaoBanus U pa3pabOTKU B CIETYIONINX 00JIacTIX:

— Merponorus (obecrieueHHe HOPUIMUECKUX M TEXHUYECKUX MPENNOCHUIOK
NEeATETbHOCTH AKKpEIUTOBAaHHOU KaJIMOpPOBOYHOM naboparopuu u
ABtopusnpoBaHHOro  metrposnorndeckoro nentpa HUUI'TK; Oxkcnmyaranus
rOCyJapCTBEHHBIX M OTPACIEBBIX ATAJIOHOB JJIMH, YIJIOB, CHUJIbI TSHKECTH, MOJIOKEHUS
(GNSS) u npubOpoB J1a3epHOro CKAHUPOBAHUS U T.II.);

— Cranpaptu3zanyss W TEeXHUYECKas HopMmanu3auus  (pa3paboTka U
aKTyaJu3alusi OTPACieBbIX CTAaHAAPTOB, HOPM MU YKa3aHU B paMKax TEXHUYECKHX
HOpMaJIN3aIIMOHHBIX KomMuccuid Ne 24 u Ne 122; co3nanue HOBBIX TEPMUHOB B PaMKax
TepMuHojiornueckort komuccun UY3KY U cocrtaBieHue Ha callTe MHOTOSI3BIYHOTO
TepMUHOIOTHYECKOTO CIOBaps T€0/Ie3HH, KapTorpaduu U KajacTpa HEABMKHUMOCTEH,
umerotero k 31.12.2011 1. okono 4000 TepMUHOB, U T.I1.);

— Peuen3upoBanne, KOHCYJbTUPOBaHHE W OOpa3oBarelibHAsl JEATEIHHOCTh B
001acTH MHKEHEPHOU re0JIe31H, METPOJIOTUH U CTaHAapTU3alNH;

— CrhenuanbHble HHXEHEPHO-TEOAE3UYECKUE padOThl MO 3aKa3aM BEIOMCTB U
opranu3zanuii (HaOMIONEHUS 3a OCAJAKaMH COOPYKEHHUH, H3MEpPEHHUs CKOpocTel
JIBIKCHUSI TPAHCIIOpPTa HA OTCEKax JOpOI, Ja3epHOE CKAaHUPOBAHHUE, KOHTPOJIIb
KayecTBa MEHbI MUBA U T.IL.);

— Pa3zpaboTka M MPOU3BOACTBO CHEIHAIBHBIX HWH)KEHEPHO-TE€0IE3MUECKIX
npudopos (Hamp. garunkd HYNI 11t rugpocraruyeckoro HUBEIMPOBAHUS U T.I1.).
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The Tuul river is one of the biggest rivers in Mongolia and it originates from Khan Khentii
wilderness and runs through the Ulaanbaatar city to flow in the Orkhon River, which is the biggest
tributary of the Selenga River basin.

Domestic and International scientists are concerning the ecosystem of the Tuul River basin
have become highly vulnerable to climate change impact. We have developed Geo database at the
first time in Mongolia by digitizing the topographic map at a scale of 1:100000, using Arc view
software. The database will further become the base information for any research work relevance to
make spatial-time analyzes within the river basin.

Key words: topographic map, Geo-information system, space, vector data and attribute
information.
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INTRODUCTION

Creation of computer and high technology made the bigger step forward to the
development of science such as appropriate and organized way of collecting massive
size of information on nature and efficient use of such information in place.
Moreover, a possibility of making spatial-time analysis and quality assessment on the
information and ways to create a new information and data on the software have been
facilitating scientists to enhance their work efficiency in the development and
creation of science. The organized and collated data and information help decision
makers to make appropriate solution in regard with the governing the country.

Nowadays, there have been much software and systems for various purposes of
research and study that are based on computerized technologies with high capacity
and the biggest example of are the Geo-information system [1].

Geo-information system is the complex of computer, software and geographical
data that captures, stores, analyzes, manages, and presents data that is linked to
location [2].

Geo-information system is the most appropriate method for analyzing spatial
information of all objects the nature [3].

The main key for effective use of geo-information data is high qualitative
technology, system and software. The other one is to have well organized and
logically orderliness and standardized sources of information which also have to be
accurate and realistic.

Institute of Geoecology of MAS has been carrying out the basic research work
called “Modeling the integrated water management of the Tuul River and ecological
study of the area”. Within the framework of the research work, we have developing
complete vector data associated attribute information by digitizing main elements of
topographic maps. As a result, the geo-information database for the Tuul River has
been done by using ARCVIEW software.

Reference information

The basic geo reference materials for this research work will be the 1:100 000
scale 65 topographic maps developed in between 1980-1986. The maps were
developed based on aerial photographs which were taken in between 1942-1945,
using stereo-photogram method.

There are not any inventions were done for the Tuul River basin except for once
that the Tuul River basin mapping was part of the “national scheme for utilization
and protection of integrated water resources in the Selenga River basin”, developed
by Institute of Water Survey and Research /old name/ in 1984. The scale of mapping
in the scheme is 1:1 500 000 - 1:3 000 000.

In the past few years, scientist of the Institute of Geoecology of MAS have
developed different series of electronic maps on geomorphology, land shaft and soil
with medium scales.

Methodology
Methodological technology scheme for processing geo-information database for
the Tuul River basin is shown in Fig. 1.



It was decided that the projected coordinate system ‘Universal Transverse
Mercator ‘(UTM) and geographic coordinate system ‘World Geodetic System 84’
(WGS 84) should be used for georeferencing the maps and displaying subsequent
vector data. This coordinate system was approved by the Mongolian Government
regulation 25 on the 28th January 2009.

Methodological step
for data processing

Technology and Scanner and printer

software

Arc view, Excel

Input data Scanning photo

Choose the photo

Mapping projection orojection

Geographical
linkaae

Data processing Digitizing

Link references

Figure 1. Methodological technology scheme for processing geo-information
database

The Tuul River basin georeferencing was done using GPS-derived target points,
to give an accurate representation in the WGS 84 geographic coordinate system. The
original topographic maps were published in the Krasovsky 1940 geographic
coordinate system.

Results

The most common method for illustrating spatial data by graph is the map and it
shows the object by point, line and area [4].

Table 1 show that which element of spatial base shall be chosen for digitizing
main elements of the map into the vector data. By using this sample, the spatial base
of main elements will be created.



Tablel. Sample for digitizing elements of main map into vector data

Type of spatial base

Structure of sample Base data i M T
1 2 3 4 5

1Digital map-base map 1:100000 scale topographic
1.1.Relief /Digital sample of map will be used *
altitude/
1.2.Urban area /status of *
administration and number of *
population/
1.3.Road network *
/by type of road/

1.4, Administration and territory
distribution /various type of
boundaries/

2.Data relevant to water object Location map will be used
2.1.River /with permanent and
temporary flow/ *
2.2. Lake /volatile and perennial, *
salty and unsalted/
2.3. Springs *
2.4.Well *
2.5.Saline, salt-marsh and sludge * *

Note: I- point, ll-line, Il1l-area

Sample for created attribute data base of topographic map elements

For the Tuul River Basin all features have been digitized and all attribute
information completed. For instance:

All objects which are illustrated by points have been added to the database such
are data of altitude and all socio-economic related data such as number of population,
wells, springs and other objects and their lation in urban area /Fig.2/.
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Figure 2. Database for water points in the Tuul River basin

All objects which are illustrated by lines have been added to the database such
are length of the objects and other related necessary information /Fig. 3/.
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Figure 3. A database for rivers in the Tuul River basin

All objects which are illustrated by area have been added to the database such
are sub-data related to squire and distribution of the objects /Fig. 4/.
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Figure 4. Database for administration unit in the Tuul River basin

The following data will be used for sub-database for geo-information database
as:

Rivers - their name, length /this data will be created as polygon/ and other
necessary information have been added in the sub-data base. For the rivers, data
related to rivers’ width, run-off, chemical characteristics, name of province /aimag/
and sub-province /soum/ where the rivers pass through can be added.

Lakes - their name, squire and perimeter /those data will be created as polygon/
and other necessary information have been added in the sub-data base. For the lakes,
the data related to lakes™ width, chemical characteristics, name of province and sub-
province where the lakes are located can be added:

Relief - horizontal and altitude points

Name - center of province /aimag/ and sub-province /soum/

Boundary - squire of aimags and soums.

Using above mentioned geo database, we have developed physical geography
map as electronic type /Fig. 5/.



PHYSICOGEOGRAPHYCAL MAP OF THE TUUL RIVER BASIN
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Figure 5. Physicogeographycal map of the Tuul River basin

Conclusion

The developed geo-information database for the Tuul River by digitizing a
topographic map at a scale of 1:100000 using Arc-view software is very important
and significant for further cartography work.

Since the ecosystem of the Tuul River basin have become highly vulnerable to
climate change impact and it has been concerned by domestic and International
scientists, the geo-information database developed by us will be used as a base
reference for further spatial and time analysis and qualitative and quantitative
assessment on space and time.
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LleHTpanbHble BOIMPOCH TEMAaTUYECKOW OOpaOOTKM (MHTEpIpEeTaluu) AaHHBIX
AucTaHIMOHHOTO 30HAMpoBaHus 3emin (//133) — BOnmpoCH MOBBIICHUS KadecTBa
AemnpUpoBaHUsl — HEMIOCPEICTBEHHO CBsI3aHbl ¢ MPoOIeMOil BbIOOpa aJeKBaTHBIX
aNITOPUTMOB paclo3HaBaHusA. Bo3HUKalue Mpu STOM TPYAHOCTU OOYCIOBICHBI
CEeNYIOIMUMU TpuunHamu [1]:
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1. Crpykrypa peanpHbIX [JaHHBIX HE COOTBETCTBYET MOJEIN JIAHHBIX,
UCHOIb3yeMOl B anropurMme. Hampumep, HEBBINOJHEHHE MPEANOIOKEHUS O
HOPMAJIbHOM PAacCHpEEeICHUN BEKTOPOB JAHHBIX WUJIM HEBBIIOJHEHUE YCJIOBHS, YTO
[I0JIE U3MEPEHUI SBISETCA CiydalHbIM. ONBIT IOKA3bIBAECT, YTO TAKUE CUTyallUU
BO3HUKAIOT TOT/A, KOT/Ia U3IYYEHHE OT CKAHMUPYEMOT0 OOBbEKTa BBIXOJUT 3a MPEIEIIbl
JMHAMHMYECKOTO Juara3oHa ChEMOYHOM ammapaTypbl. B 3THX cilydasx NpUXOAWUTCA
a100 BOOOIIE OTKA3bIBaTbCs OT METO/IOB, TPEOYIOIMX OOpaIleHUs] KOBapUaLlMOHHBIX
MaTpull, 1100 mpuderars K mprueMam, MOBBIIIAIOIINM JUCTIEPCUIO JaHHBIX.

2. Henpe3eHTaTMBHOCTh OOyHaIOLIMX MOCIEI0BATENILHOCTENH — HEIO0CTaTOUYHOE
KOJIMYECTBO JAHHBIX JIJI1 BOCCTAHOBJIEHUS IaPAMETPOB PEIIAIOIIETO MPABUIIA.

3. HecoorBercTBuEe OOyYarommx JaHHBIX M JAHHBIX, MPEIbSIBISIEMBIX Ha
pacno3HaBaHue (“3arpsi3HeHHE’” BHIOOPOK CMEIIAHHBIMU BEKTOpaMU U3MEpPEHUH, T.€.
BEKTOpaMH, KOTOpble 0Opa3yloTcs MpH MOMAJaHUd B DIEMEHT pPa3pelIeHus
ChEMOYHOW CHCTEMBI HECKOJIbKUX MPUPOTHBIX 0OBEKTOB).

4. HetouHoe cOOTBETCTBHE OOy4alOUIUX JaHHBIX, MOJYYAEMBIX C MOMOUIbIO
KJIACTEPU3ALINH, UCTUHHBIM TEMaTHYECKUM KJIACCaM.

5. Ilomexu anmaparypsl, BIUSHHUE aTMOC(EPHBIX YCIOBHUM U T.II.

Takum  00pazom, MO>KHO CKa3aTh, 4TO COBPEMEHHBIN OTBIT
aBTOMaTU3MPOBAaHHOTO pacro3HaBanus JIJ[33 moka3piBaeT: 3apaHee MPAKTHYECKU
HEBO3MOXXHO YCTaHOBUTh, KAaKOW aJIrOpuTM OyAeT JIydllle ¢ TOUYKU 3PEHUS TOYHOCTH
kiaccudukanuu. [1oaToMy B pacro3Harollyo CUCTEMY 11€JIECO00pPa3HO 3aKJIaIbIBaTh
HECKOJIbKO ~ aJTOPUTMOB U BBIOOp ONTUMAJbHOIO  AJTOPUTMA  MPOBOJUTH
AMITUPUYECKHU.

Hamnune cmemannpix BekTopoB B JI/[33 sBmsAercs, BEpOSTHO, ONHUM U3
HanOoJiee CEePhE3HBIX MUCTOYHUKOB OIIMOOK MPHU MOCTPOSHUM TEMATUYECKON KapThl
kinaccudukanuu [1-3]. [ToHsTHe TeMaTnyecKoW KapThl MPEAIOJIaracT, 4To KaxKIbIi
Y4aCTOK 3€MHOW MOBEPXHOCTH MOXKHO MOMETUTH KaK NMPUHAJICKAIINN K OJHOMY U
TOJIBKO OJHOMY KJAacCcy MHOBEPXHOCTH. B HeiCTBUTENBHOCTH k€ (CM., HalpuMmep,
[IloBenrepar [3]) AMCTAHIIMOHHOE 30HIUWPOBAHHUE pean3yeT (QYHKIIHUIO TOTyUYCHUS
BEKTOPOB U3MEPEHUH C 2KN BosmorxkHBIX 3HaYeHUH 11 K YPOBHEW JUCKPETU3ALNU U
N cnekrpaibHbIX moJoc. Korma 3T0 MPOCTPAHCTBO H3MEPEHUN CHKUMAETCS C
MOMOIIIBI0 KJIACCU(PUKAIIUU JI0 HECKOJIBKUX KJIACCOB, MbI IIpeHEOperaemM OOoJbIINM
KOJIMYE€CTBOM MH(OPMAIINH VISl TOTO, YTOOBI MOTYYUTh YIPOIIEHHYIO TEMAaTHUYECKYIO
Kapry.

B cBorwo ouepens Yanapa u Tomr [2] oTmeqaroT, 4TO MOCKOJBKY pa3peuicHue
MEPBBIX CHEMOYHBIX CHCTEM OBLJIO HEBBICOKMM, CUHMTAJIOCh, YTO Mpoliema
CMEIIIAaHHBIX BEKTOPOB HMCUE3HET C YBEJIMYECHUEM paspeiieHus. OQHaKo OKa3aioch,
4TO 3TO HE Tak. [Ipy HU3KOM pa3pelieHUH BBICOKAs BEPOSITHOCTH BKJIAJ0B OT
O0OBEKTOB Pa3HBIX KJIACCOB B OIMH M TOT K€ CMEIIAHHBIA BEKTOP COYETAETCSA C
OTHOCHUTETFHO HEOONBIIMM WX KOJWYECTBOM. llpm yBenwdeHWM paspemeHus
KOJIMYECTBO KJIACCOB, IPEICTABICHHBIX B KaXXJIOM BEKTOPE, YMEHBIIAETCS, HO
YBEJIMYHMBACTCSI YACIO CAMHUX CMENIAaHHBIX BEKTOPOB. TakuMm o0pa3oM, CMEIIaHHBIC
BEKTOPBI BCET/IA SBJISIOTCSI HCTOYHUKOM OLIMOOK mpH kinaccudukanuu JI/133.



BONbIIMHCTBO ~ aNropuTMOB  KJIacCHU(PHUKAIMM s OTHECEHHUS BEKTOPOB
NPU3HAKOB KJlaccaM BBIUMCISIOT JJIS KaXKJIOTO BEKTOpa 3HAYCHMS IMOAXOSIICH
byHKIMU «TpaBaononoous». B ciayyae 3adnciieHHst BEKTOpa MPU3HAKOB B KIIACC 1O
MaKCUMaJIbHOMY 3HAY€HHIO (DYHKIIMHM MPaBAONOA00US MOIy4YaeTcs Tak Ha3bIBaeMas
Jrcecmras knactepusanus. Paznenstoniye rpaHuilbl B TPOCTPAHCTBE MPU3HAKOB IS
MOJyYEHHBIX TIPU  JKECTKOM  KJIacCU(PUKAIMKM  KIJIACCOB  SIBJISIIOTCSL  YETKO
onpeieieHHbIMUA. Ecnu ’ke BENMYWHBI TMPaBAOINON00HS HCIONb3YIOTCS TaK, 4YTO
JOITYCKAEeTCs] BO3MOXXHOCTD CYIIECTBOBAaHUS MHOXKECTBEHHBIX KJIACCOB JUISI KaXKIOTO
BEKTOpa, TO TIONyYaeTCs MseKas WIW Heuemkas Kiaccupukanus. BemuduHel
MPaBIOTOAO0OHS MPECTABISIIOT B 3TOM CIIy4ae OTHOCUTENBHBIE MPOMOPLUN KaXKI0TO
KJIacca B MpeesiaX MHOTOCIEKTPAIBHOTO BEKTOpa MPU3HAKOB [3].

B knaccudpukannu J1/133 yanie 1pyrux MCHoab3yl0TCs METO/IbI, KOTOPbIE MOYKHO
pa3douTh Ha JBE TPYNNBL: Kiaccuguxayus ¢ obyuenuem (Koumpoaupyemast
KiaaccuUKaIus) u kiacmepuslil anaiu3 (AaBTOMaTHUECKas KiaaccuGuKaius).

B xnaccudukanum ¢ o0ydeHueM AJis paclpeeieHus BEKTOPOB MPU3HAKOB 10
NPEICTaBISIONIMM ~ MHTEpPEC  KjaccaM  HCHOJb3yeTcsi  Ipolecc  oOydeHus
KJIacCU(UKaTOpa CIIOCOOHOCTH Pa3InyaTh 3TU KJIACCHl HA OCHOBE PENPE3EHTAaTUBHbIX
BBIOOPOK TpeACTaBUTENECH KiIaccoB. OTH BBIOOPKM HA3bIBAIOTCS OOYy4YarOUIMMHU.
[Ipouecc oOyueHuss (QaxkTHUECKH SBISETCS MPOLECCOM MOCTPOCHUS (YHKLIMH
npasaononoous (Wi pewarowux @yukyuti) g Ki1accoB. DTH (GYHKIIUU OyayT
3aTe€M UCHOJIB30BAThCA ISl KJIacCH(PHUKAIIMK KaKIOTO BEKTOpa TMPU3HAKOB Kak
MpUHAAJIEKAIIEMY TOJBKO OJIHOMY Kiaccy (KecTkas Kiaccudukamus) maudo
HECKOJIbKUM KjaccaM (HeueTkas kiaccudukanus). OOydeHue kiaccupukaropa
MOXET OBITb MPOKOHMPOIUPOBAHO TIYTEM OMpPENETICHUS BEPOSTHOCTH MPABHIBLHOM
Kiaccupukanuu (A1 5TOTO YacTh W3 OOYYarOMIMX BBIOOPOK MEPEBOAUTCS B Pa3psin
KOHTPOJIbHBIX ).

OnvH U3 pPacIpOCTpaHEHHBIX AJTOPUTMOB KilacCUPUKAIMM € OOy4YeHHEM
OCHOBaH Ha  WHCIIOJNIb30BaHMU  OailecOBCKOMl  CTpaTeruu  MaKCHMaJbHOTO
MPaBIONOA0OMS 1151 HOPMAJIBHO PacHpeeIEHHBIX BEKTOPOB MPU3HAKOB.

Iycts X — N -mepnblit BekTOp Hpu3HaKoB X =(X...,X,)" , rme N — umcio
CIIEKTPaAJIbHBIX JAuana3oHoB. [Ipenmnonaraercsi, 4To BEKTOPbI X UMEIOT B Kiacce o
HopmasbHOe pacnpenenenne N(m,B,) co cpennum M. u KOBapHAIIMOHHO# MaTpuUIleH
B.. B aTom ciyuae OaiiecoBckasi cTparerusi MaKCHMAJILHOTO TPaBIOMONO0MS IS
MO3JIEMEHTHOTO KJ1accuduraropa GopMyIHUpyeTCs CAeayromum oopazom [4].

Iycts Q=(w@,...,®, ) - KOHEYHOE MHOXECTBO KiaccoB, P(@) - ampuopHas
BEPOSITHOCTH KJlacca @, . Toraa peraromas GyHKIHS Ki1acca @, UMEeT BUJL

g (X) = In( p(a)| )) _05|n(| Bi |) _O-S(X —m, )T Biil(x —m ) (1)

Kiaccudeckoe pemaromiee MpaBHIo JUIS JKECTKOM KIacCH(PHUKAIUH TPUHUMACT
CIIC/IOIMI BH: BEKTOp X 3aHOCHMTCH B Kiacc @, ecmu §;(X)>g,;(X) ansa Beex
j#I.

[TockombKy (u3MUecKue pa3Mepbl PealbHO CKaHHUPYEMbBIX MPOCTPAHCTBEHHBIX

OOBEKTOB, KaK TpPaBUO, OOJbIIE pa3pelIeHUss ChEMOYHBIX CHCTEM, MEXIY
BEKTOpPaMH MPU3HAKOB CYIIECTBYIOT B3auMOCBs3u [1]. Mcrons3oBanue nHpOpMAIIH



MOIOOHOTO poAa JaeT BO3MOXKHOCTH TOBBICUTH TOYHOCTh KIIaCCH(UKAIIUU, €CIH
NBITaTbCSl PACIO3HABATH OJHOBPEMEHHO OJIOK CMEXHBIX BEKTOPOB KBaJIpaTHOW WU
KpectooOpa3Hoit (opmbl. bynem Ha3biBaTh TakodW OJIOK BEKTOPOB OOBEKTOM.
PaccMoTpuM 00BEKT X =(Xy,..., X_ )", COCTOAMIMN M3 CMEKHBIX N-MEPHBIX BEKTOPOB
X;,i=1..,L (Hampumep, B oOKpecTHocTH 3*3, 5*5,... smemeHtoB). Pemenue 00

OTHECEHUH LIEHTPAJILHOIO AJIEMEHTa 00BEKTa TOMY WJIM MHOMY KJIAcCy MPUHUMAETCS
HAa OCHOBE pe3yJibTara KilacCu(UKaluu BCEro OObEKTA.

Tako NOAXOX MOPOXKIAET LENOE CEMENUCTBO PEIIAOIINX MPaBuil. Bo-NepBbIX,
ATO UCHOJIb30BaHKME MPHUHIMIA TOJOCOBAHMS, T.€. HE3aBUCHMas KiIacCUPUKALUA
AIIEMEHTOB O0BEKTA U OTHECEHHUE IIEHTPAILHOIO JE€MEHTA K TOMY KJIACCy, KOTOPOMY
ObLIO OTHECEHO OOJBIIMHCTBO 3JIEMEHTOB 00BEKTa. BO-BTOpBIX, 3TO NMpPUMEHEHHE
TEKCTYPHBIX OIEepaTropoB (MPOCTEHIINN IPUMEP — ONHCAHUE 00BbEKTa X uepe3 BEKTOP
CPEIHHUX COCTaBISIIOIIMX €ro 3JEMEHTOB) ¢ MOCIEAYIOIIMM OTHECEHUEM
LHEHTPAJBHOIO  3JJIEMEHTa KJaccy, K KOTOpoMy ObUI OTHECEH MapaMeTp,
xapakrepusyromuii X. B-TpeTbux, onucanue oObekTa X CiiydalHbIM MapKOBCKUM
noneM, T.e. P(X|@)=p(X | X, X3 @)P(Xy | Xgyeo, X5 0).. P(X @) . B 3TOM ciydae
MOJIeNIb BBINVISAMT clenyromuM obpa3oM. IlycTe BekTop X HMeeT B Kiacce o,
HopMmasbHOe pactpenenenne N(m,B,) co cpennum M. 1 KOBapHAIIMOHHO# MaTpuUIleH
B.. Torga Bektop X Taxke HOPMajJbHO paclpeneieH B KiIacce @, CO CpeiHuM M,
pasmepHoctu NL u koBapuanuronHoil marpuiieit K; pasmepHoctu NL x NL. OreHka

ATON Marpullbl ipu Oombiux 3HaueHusIX NL (Tpelyercs odeHb 00JbIIoe KOJTUYECTBO

oOyJarommx JaHHBIX), a TaKkXke ee oOpalleHrne Ha MPAKTUKE TPYAHO pPEaM3yeMo.

[TosTOMYy BBOASTCS YIPOIIAOIINE CTPYKTYPHBIC TPEAONIOKeHNs. Eciu cuntarh, 94To

KOPPEJSIITUS MEXIYy DJIEMEHTaMH OOBCKTa BO BCEX 30HAX CHEMKH OJMHAKOBA, TO

KOBapHAIIMOHHYIO MaTpHUIly K, MOXXHO TIPEICTAaBUTh B BUJIE MPSAMOTO MPOU3BEICHUS

MaTpHIbl MPOCTPAHCTBEHHON KOppeisiiud R, Ha KOBapHAIMOHHYIO Marpuiy B, .
L

Ecmu R, sBusiercs enuuudHOi, T0 p(X |@)=[]p(X |®) n Mbl MMeeM wusBecTHOE
1=1

peraromiee MpaBwiIo MPH MPEANONOKEHUN, YTO DJIEMEHTHI OOBEKTa HE3aBHUCHMBI.
Bonee agexBarHble MOJIENIM BO3HUKAIOT MPHU APYTHX MPEANOIOKEHHUIX O CTPYKType
KOppEJSLIMOHHBIX CBA3el. Hampumep, BBOAS JONylIEHHWE O Pa3leIUMOCTH
ABTOKOPPETSAIMOHHON (DYHKIIUUA DJIEMEHTOB OOBEKTa MO BEPTUKAIA M TOPU3OHTAIIH,
MOJIy4aeM Kay3aJdbHYI0 aBTOPETPECCHUOHHYIO MOZENIb MEPBOro JHMOO TPETHEro
nopsigka (B 3aBUCUMOCTH OT (hOpMBbI 0OBEKTA).

HeoOxomumplie njis MOCTpPOCHUS pemarnmx (yHKIMNA KJIAaCCOB OIEHKH
CTaTUCTUYECKUX XAPAKTEPUCTUK — BEKTOPOB CPEAHUX M KOBAPUAIIMOHHBIX MaTpPHII,
K0P (PUITMEHTOB TPOCTPAHCTBEHHOM KOPPEIAMU MEXAY 3HAUYCHUSIMU KOOPAUHAT
COCEHUX BEKTOPOB B TOPHU3OHTAIHLHOM M BEPTUKAJIHLHOM HaINpaBICHUAX —
OTIPEIEIISIFOTCSI HA OCHOBE BEKTOPOB M3 00YJAIOIINX BHIOOPOK (ITOJICH).

XapakTepusysi METOJbl KJIacTEpPU3alMU B IEJIOM, CJIEAYEeT OTMETUTh, UYTO B
OCHOBHOM OHHM OTBICKMBAIOT B JIaHHBIX HE T€ CTPYKTYpbl, KOTOpPbIE TaM pPEaIbHO
CYIIECTBYIOT, a Te€, IS MIOMCKa KOTOPBIX OHM IpeaHa3HadeHsl [1]. Jain [5] ormeuaer,
YTO KJIACTEpU3aIusl UMEET JUIMTEIbHYI0 U 0OTaTyl0 MCTOPHIO, HO HA CETOMHSIITHHMA



JI€Hb HE CYIIECTBYET YHUBEPCAJIbHOIO aJIrOPUTMA, MPUMEHHMOIO B PA3JIMYHBIX
obacTel MPUII0KEHUH.

[enbro KJIaCTepU3allnH, Ha3bIBAEMOM TaKXKe HEKOHMPOIUpyemou
KJaccudukaiuen, piseTcs pas3jiesieHne KOHEYHOro Habopa 0OBEKTOB Ha KOHEYHOE U
JUCKPETHOE CEMEHCTBO CKPBITBIX, “‘€CTECTBEHHBIX” CTPYKTYyp. Kak ormeuaercs B [6],
B KJIACTEPHOM aHaJIM3e rpyIina 00beKTOB pACIICIUIIETCS Ha HEKOTOPOE YUCIIo Oolieee
WIK MEHEe OAHOPOJHBIX MOATPYIIN HA OCHOBE YacTO CyObEKTUBHO BHIOPAHHOU MEphI
cxokecTu (T.e., BbIOMpaeMOil CyOBEKTHMBHO, OCHOBBIBAACh Ha €€ BO3MOXKHOCTHU
CO3MaHMS “UHTEPECHBIX” KJIACTEPOB) TAKUM OO0pa3oM, YTO CXOXKECTb MEXKIY
0o0BbEKTaMH BHYTPH MOATPYIIBI OOJIBIIE, YEM CXOXKECTb MeEXAYy OOBEKTaMH,
MPUHAAJIEKANTIMHI Pa3HBIM IMOATPYIIIIAM.

AJTOpUTMBI KJIACTEPU3ALUU JENAT JTaHHbIE HAa HEKOTOPOE YHMCIO KIIACTEPOB.
bonpmmHCTBO  WMCClenoBarenell  OINMMCHIBAIOT — KJIACTEp OLEHKOM BHYTPEHHEHN
OJHOPOJHOCTU U BHEIIHEH Pa3lIeIMMOCTH, T.€. OOBEKTHI B OJHOM KJIAacTepe JOJIKHBI
OBITh MIOXOXKH JIPYT HA IpyTra, B TO BpeMs KaKk 0ObEKTHI B Pa3HbIX KilacTepax HeT.

Ilycte 3aman HabOp BEKTOPOB X:{xl,...,xj,...,xL borme X, =(X,.. X ) €RY 1

KaXJas KOMIIOHEHTa X; HasbiBaeTcs mnpusHakoM. sKectkas (hard) paspensromas

kiacrepu3anus neitaetes Haith K gacreii X, C = {C,,...,C, } (K <L), Takux, 4To
1. C #¢,i=1,..K;
2. UL C =X;
3. CnC,=¢, ij=I, ... Kui#]j.

Uepapxuueckass  KiacTepus3alusi  MIBITAETCS  MOCTPOUTh  JPEBOBUIHYIO
BIIOKEHHYIO CTpYKTYypy pasouenuii X, H={H,,.,H,} (Q<N) , Takymo, 4TO

CieH,,C,eH um>1=C, eC; umn C,NC; =¢ s Bcex i, j=i,ml=1..,Q.

OmauM  #3 BaXHBIX (PAKTOPOB PA3ACISAIONICH KIIACTEPU3ALMU  SBIISCTCS
KpuTepuil  kjactepu3anuu. Haumbonmee  MIMPOKO  HCMOIB3YETCS  KPUTEPHA
MUHUMM3AIMA CYMMBI KBaJpaToB OIIMOOK. DTOT Kputepuil (opmymnupyercs
CIIETYIOIITIM 00pa3oMm:

K L
2

E:ZZVUIO (x;—m;), (2

i=1 j=1

1, ecu X, €i—omy Kacre
e 7, :{ j My Py

Yy, m; — IPOTOTHII I-TO KJacTepa.

Hanbonee nM3BECTHBIM alITOPUTMOM >KECTKON KIIACTEPHU3AIIUH, JI0CTABIISIOIINM
JIOKaJbHBIH MUHUMYM (GYHKIIMK omuoOoK (2), seisercs anroput™m K-cpennux [7,8].
[IIupokoMy pacrpoCTpaHEHHUIO ITOTO AJTOPUTMa CIIOCOOCTBYET ero npoctora. Ha ero
OCHOBE pa3paboTaHbl MHOTOYHCIICHHBIC MOIU(DUKALIUK [5], B YaCTHOCTH, aJITOPUTM,
u3BecTHBIM Ton HazBaHueM ISODATA, koTopelii AUHAMHYECKH MEHSIET YHCIIO
KJIACTEPOB 3a CUET HMX OObEIWHEHHs JHOO paCIICIUICHUS COTIACHO 3HAYCHUSIM
IpeIONpPEeICHHBIX MOPOroB. MHorue aBTopsl (CM., Hampumep, [9]) crpaBemMBO
MOJIaralOT, YTO MCIOJb30BaHME TAKUX TIOPOTOB SBISETCA JOTOJHUTCIBHBIM

, P(X,¥) — pacCTOsIHUE MEXIY BEKTOpaMH X U
0 B Ip OTHBHOM CITy 4ae



HMCTOYHUKOM CYOBEKTHBU3MA (Hapsay co 3HadyeHueM K) B OCTPOEHHH KJIACTEPHOIO
pazoueHusl.

Anroput™m K-cpeaHux MoeT ObITh OTHECEH K KJaccy MapaMeTpUYECKUX, T.K. OH
HESIBHBIM 00pa3oM MpeanojiaraeT MNpUPOAY IUIOTHOCTU BEPOSITHOCTU: KJIAacTEphl
CTPEMATCS UMETh KOHKPETHYIO FEOMETPUUECKYIO (hOpPMY, 3aBUCAILYIO OT BEIOpAaHHOU
metpuku [10]. AnprepHaTHBOW SBIISETCS MOAXOJ, OCHOBAHHBIM Ha MPEIIOIOKCHUH,
YTO MCXOAHBIE JIAHHBIE SBIAIOTCS BBIOOPKOM M3 MHOIOMOJIOBOIO  3aKOHA
pacnpeeneHus, Ipu4eM BEKTOPBI, OTBEYAIOIINE OTACIBHON MOJIe, 00pa3yIoT KilacTep
[11,12]. Takum oOpa3oM, 3amada CBOJUTCS K aHAJIM3y MOJ MHOTOMEPHBIX
TUCTOTPAMM.

B kecTkol pazmensoomen KiIacTepU3alMu KaXKAbli BEKTOP IPUHAIIIEKUT
CTPOro oAHOMY KjacTepy. OHaKO MOYKHO pa3pellnuTh BEKTOpaM MPUHAIJIEKATh BCEM
KnacrepaM ¢ kod(pduumentom wieHcTBa U; €[01] , ompemensromyMM CTEHEHb

MIPUHAJICKHOCTH |-TO BEKTOpa I-My KjacTepy:
C L
Z“ij =1 vju Z“ij <L, vi,
i=1 j=1

ompenensiss dTUMH COOTHOIICHHSMU HEYETKYIO Kiactepusamnuio. 3neck C —
YHCIJIO KJIACTEPOB.

B  mHacrosmiee BpemMs  IIMPOKO  HCIONB3YeTCS  AJTOPUTM  HEYETKOMH
KJIaCTepU3aluy, W3BeCTHBIM Kkak Meton C-cpemnmx [13]. D10 uTEparmoHHBIHN
aJTOPUTM, KOTOPBIA HCIIONB3YeTCS I pasfe/iCHHs] CMEIIaHHBIX BEKTOpOB. Mmes
METOAa 3aKJIIOYaeTCsl B OMHMCAHWM CXOACTBa BEKTOpa C KaXIbIM KJIACTEPOM C
MOMOIIEI0 (DYHKIIMHA YPOBHEH MPUHAIC)KHOCTH, MPUHUMAIOIICH 3HAYCHHSI OT HYJISI
710 eAVHUIIBI. 3HaYeHUs] (PYHKIMH, OTM3KUE K €IMHUIIE, O3HAYAIOT BBICOKYIO CTEIEHb
CXOJICTBA BEKTOpa C KiactepoM. OUeBUIHO, YTO CyMMa 3HAYCHHUN (PyHKIIMKU ypOBHEU
MPUHAIJICKHOCTHU JIJIsI KaXKJOTO MHUKCENa JOJKHA paBHATHCSA eauHuIle. B pesynbrare
3a/1auy pa30oueHus MOKHO C(OPMYJIMPOBATh KaK 3a/lady MUHUMU3AIUN QYHKITUU:

E=> > (u)"p*(x.m;) 3)

i=1 j=1
[IPU CIIEYIOIIUX JOTOJHUTEIBHBIX OTPAHUYEHHUSX

C

D uy =1 st 1060TO |

j=1

L -

D u;>1 st o0oro |

i=1

0<u; <1 0na 1100b1x i U .

3neck x; — i-blii BEKTOP NPU3HAKOB, M — NPOTOTHUII (LIEHTP) j-TO KJIacTepa; U; -
KOA((UIUCHTBI, ONPEACISAIONINE YPOBEHb NPUHAIISKHOCTH BEKTOpA TOMY HWJIH
uHOMY Kiactepy (9nementsl Marpuilbl U pasmepnoctu CL); C u L — komudectBo
KJIacTepoB W  BEKTOPOB  COOTBETCTBEHHO; M —  T[OKa3zaTelb  CTEIeHH,

XapaKTepU3yIONUi CTENeHh HEYETKOCTH KiIacTepmsamuu (L<m<o) ; p*(x,m i) -
KBaJparT paccTosHUA d; MEXTy BEKTOpaMHu X; M M;, ONPEIACIACMbIM CIIEAYIOIIUM
obpazoM:



di?:pz(xi'mj):(xi_mj)TA(Xi_mj)1 (4)

rne A — MaTpuila BECOBBIX KO3 HUIIUEHTOB.

[Tapamerpamu dysakiuu E seistores m u A. OT mokaszaTesns CTeTIeHr M 3aBUCUT
OTHOCHTEIBHBIN BeC KaxKI0ro diaeMenTa d; . 3HadeHne M = 1 COOTBETCTBYET YETKOM

KJaccuuKay, Ipu m — o0 Kjaccu@UKAIUs CTaHOBUTCS TOJHOCTHIO HEUYETKOM.
KaxaoMy M coOTBETCTBYET OTIENbHOE pEIICHUE NpU MPOUYNX (PUKCHUPOBAHHBIX
napameTrpax. Ha cerogHsAHuil 1eHb He CYyHIECTBYET KAKUX-INOO TEOPETUUECKUX WIIH
NPAKTHUYECKUX PEKOMEHJAUNA 10 BHIOOPY ONTUMAIBHOTO 3HadeHuss M. /s
OTIpENIETICHHs] ATOTO TOKa3aTelsi MOXKHO HCIOJb30BaTh TECTOBbIE HAOOpPHI JaHHBIX.
Bezdek [13] cumTaer, 4TO WHTEpBal MOJNE3HBIX 3HaueHWH paseH [1,30], a s
OONBIIMHCTBA HCCIEAYeMBIX JaHHBIX 3Ha4eHHs M B mpeaenax 1.5<m <
3.0 mpuBomsAT kK  xopomieMmy pe3syinbrary. lllosenrepar [3] mpemiaraer Oparb
3HaYeHus1 M, Onu3kue K AByM. Emie oaHuM BakHbIM MmapaMeTpoMm (QyHkuuu E
ABIIAETCSI MaTpulla BECOBBIX Ko3(pduuueHToB A, xapakrepusymoomas ¢(opMmy
KJIACTEpOB U ompejaelnsiomas paccrosuue B (opmyne (3). B Hactosiiee Bpems B
OCHOBHOM HCIIOJIL3YFOTCS CIICAYIONIHe MaTpuilsl [13]:

A= — EBKIUJI0BO PACCTOSHHUE, (5)
A=D" — qMaroHaIbHOE PACCTOSHHME, (6)
A=C™
— paccrossHue MaxanaHnoowca, (7)
rne | — enunmunas marpuia, a D — nuaronanbHas Mmarpuiia, 3JIeMEHTaMu

KOTOPOU SIBJISIFOTCSI COOCTBEHHBIE 3HAYEHUS] KOBapUallMOHHOM MaTpuisl C.

[Ipu BBIOOpPE AMArOHATHLHOTO PACCTOSIHUSI MAacIITad MO KOOPAWHATHBIM OCSAM
3a71aeTCsl COOCTBEHHBIMU 3HAYEHUSIMU KOBApUAIIMOHHOW MaTpullbl. EBKINI0BO
PACCTOSIHUE TO3BOJISIET MCIIOJIB30BATh YK€ HAKOIJICHHBIN OMBIT pabOThl C TAHHBIMHU.
ITocne onpeneneHusi BceX MapaMeTPOB 3aIyCKaeTCAd MTEPAlMOHHAS MpOUEAypa AJis
nonydeHus: Hedetkoro C-pazOuenHus, oOecreunBas cxoguMocTh (yHkiuu (3) K
nokanbHOMy MUHUMYMY [13]. Ilpu 3TOM 17151 TIepeonpenesieHusl HEHTPOB KIAaCTEPOB
UCITIOJIB3YETCS CIENYIOLIEE BEIPAKEHNUE:

L
D ouix,
i=1

|
mj_ L

m
Zuij
i=1
U. o
a DJIEMECHTBI ! ManI/IHBI ypOBHeI/I HpI/IHaIUIC)KHOCTI/I K KHaCTepaM U(k) Ha k'OM
11are mpoIeayphl OMPEAESIOTCS KakK
1

U.
j 1/(m-1)
d 2

k=1 ik

HU k) _y kD) H <
[Ipouenypa 3aBepuiaer paboTy, Koraa , TIe & — 3aJlaHHas

TOYHOCTh BBIYMCIICHUU. HOqueHHble SHaA4YCHMUS yp0BH€fI IMPUHAAJIC)KHOCTH BEKTOPOB



XapaKTepU3YIOT JOJM Pa3IUYHBIX KIACTEPOB, KOTOPHIE, B CBOIO OUYEPEIb, MOKHO
paccMaTpuBaTh KaK pe3ylbTaThl HEYETKOM KiIacCU(PUKALIMU JaHHOTO BEKTOPA.

B UBMuMI" CO PAH cosmectHo ¢ I'Y «HUI] «Ilnanera» Pocrugpomera PO B
TEeYeHHE psija JeT Obliia co3mana cucteMa kectkoi kinaccudukanuu J1J133. Cucrema
COCTOUT M3 JIBYX yacTei: kinaccudukanuu ¢ ooydenrem [14] u KIacTepHOTo aHaIn3a
[15].

Kommniekec mnponenyp kinaccudukanuu ¢ oOydeHHEM (KOHTPOJIUPYEMOI
knaccudukanuu) /133 cocroutr u3 cemu kinaccuuKatopoB (OJUH TOAIEMEHTHBIN
KJaccu(puKaTop U mecTh OOBEKTHBIX), OCHOBAHHBIX HA MCIOJIB30BAaHUM 0aii€COBCKON
CTpaTeTuy MaKCUMAaJILHOTO TIPABIONON00MS, W IByX OOBEKTHBIX KJIACCHU(UKATOPOB,
OCHOBAHHBIX HAa MUHMUMYME paccTostHus. [1oj] alieMeHTOM MBI Ojpa3yMeBaeM BEKTOD
MPU3HAKOB, a TMOHATHE OOBEKTa ONpPENesIoch  BbIme.  [lo37eMEHTHBIH
Kkinaccupukarop ¢GakTU4eCKu padoTaeT B COOTBETCTBUM C BBIPAKECHUEM IS
pematomet pynkmuun  (1). OObekTHBIE KiIacCH(UKATOPHI, B 3aBUCHUMOCTH OT
MPEANONIOKEHUM O CBSI34X BEKTOPOB BHYTPU OOBEKTa, B KAueCTBE pPEIIAIONIUX
GYHKIIMHA UCHONIB3YIOT pasinuyHbie 0000meHus BeipaxkeHus (1). Hcmonb3yrores
CJIEIIYIOIIUE TPEATOIOKECHHUS: BEKTOPhl BHYTpU OJOKa HE3aBUCUMBI U COCTABISIOT
OJTMH BEKTOP COOTBETCTBYIOIIECH PAa3MEPHOCTH; BEKTOPHI BHYTPHU OJIOKAa HE3aBUCUMBI
U Ki1acCUUIUMPYETCS BEKTOP, PAaBHBIM CpeIHEMY IO BCEM BEKTOpaM OOBEKTa;
KJIacCU(PUIMPYETCs] CPEIHUIM BEKTOp OJI0Ka B MPEATNOI0KEHUH, YTO BEKTOPHI BHYTPU
OJloKa HE3aBUCHMBI M KOBApWAIIMOHHBIC MATPHIIBl PABHBI CIUHUYHOW, BEKTOPHI
BHYTpH OJIOKa CBS3aHBI MOJEJBIO Kay3aJbHOTO MAapKOBCKOTO CIYYaWHOTO ITOJIS
MIEPBOTO WJIA TPETHETO TOPSIKA.

Knacrepuplii aHanu3 B cucTteMe KiaccU(UKAMU MPEACTaBI€H JBYMs
anroputMamMu — MeToaoM K -CpemHMX W METOAOM aHalih3a MOJI MHOTOMEPHOU
TUCTOTPAMMBI, & TaK)Ke THOPHIHBIM METOIOM, OOBEIUHSIIONTIM METOJ] aHAJTN3a MOJ
MHOTOMEPHOU TMCTOTPAMMBI C IOCIIEAYIOLIEN UEPAPXUUECKON TPYIIIIUPOBKOM.

Meron K-cpenHux peann3oBaH B ABYX BapuaHTax — Mak-Ksuna [7] u Jlmoiina
[8]. B xauecTBe Mep paccrosiHus, Hapsaay ¢ pacctosHusMU (5) — (7), UCIOIB3YIOTCS
CJIETYIOIITUE METPUKU:

N

p(x,y)=> | —y;| — Curu-6iox paccrostHue (8)
i=1

p(x,y)=max|x; —y;|, i=1,...,N — UeObleBa paccTosHHUE. 9)

YuuTeiBas YyBCTBHTENBHOCTH MeToma K-cpemHuX K 3aJaHMi0 HadalbHBIX
LICHTPOB KJIACTEPOB, MPeIaracTcs BLIOOP OJHOTO M3 TPEX CIOCOOOB ITOrO 3aJaHMS,
IIBa W3 KOTOPBIX OCHOBaHBI Ha HCIIOJH30BAHUU CTATHCTUYECKHX XapaKTEPHCTHUK
UCXOMHOTO Habopa BEKTOPOB MPHM3HAKOB W OOWH HCIOJB3YET CIIydaiiHOE
pacrpe/eieHue BEKTOPOB I10 KJIaCTEPaM.

B mnocrmeanee Bpems cuctema KiIacCH(UKAIMK IOMOJHEHA peaau3alucii
aIrOpUTMa HEYETKOH Kiacrepu3anuu C-CPEIHHX B COOTBETCTBHUU C BBIPAXKEHHUSIMHU
(3) — (7). B cpaBHeHuHu ¢ pe3yIbTaraMH KiacTepusamuu 1o metoay K-cpemHumx
HEeUYeTKas KjacTepu3anus aaroputMom C-CpeHUX MPUBOIMT K O0jiee paBHOMEPHOMY
pacrpe/eieHuI0 BEKTOPOB MPU3HAKOB 1Mo KiaactepaM. Ha puc. 1 npuBeneHbl 00beMbl



KJIacTepPOB, MOJyYeHHbIC ABYMsS METOJAMH IPH KIACTEPH3AIMH OJHOTO M TOTO XKe
Habopa BEKTOPOB MPH3HAKOB (BBIACISUIOCH 10 Ki1acTepoB).

B 3akirodeHne OTMETHM, YTO pa3paboTaHHas CHCTEMa KiacCH(pHKAIMK B
TCUCHHUE JUIUTEIBHOTO BPEMEHH C YCIIEXOM HCIOJIB3YeTCS TPH  PELICHUH
pa3HOOOpa3HBIX 33724 KOCMHUYECKOIO MOHUTOPHHTA.

B  mepcrnexTHBe mpeanosiaraeTcsi  BKIIOUYHTh B CHCTEMY  HEYETKOM
KiIaccuuKauy peanu3zanuio anroputma C-cpemHUX ¢ peryiaspuzanmen [2] u
HEYETKYIO0 KOHTPOJIMPYEeMYI0 Kiaccudukarmio [3].
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Puc. 1. PacnipenesieHne BEKTOPOB IO KJIaCTEpaM
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WHCTPYMEHTAJIbHAA CITIPABOYHO-AHAJNTUTUYECKASA M'NC - HOBbIW
FTEONH®OPMALIMOHHbLIN MHCTPYMEHT AJ1A LUUPOKOI'O KPYTA
NOJIb3OBATEJNEU

JImumpuit Bumanveeuu Jlucuyxuii

Cubupckas rocymapcTBeHHas Treoje3ndeckas akamemus, 630108, r. HoBocuOupck, yiI.
[TnaxorHoro, 10, TOKTOp TEXHUYECKUX HAyK, Ipodeccop, 3aBenyromuil kagenpoi kaprorpadhuu u
reounrdopmaruku, Teil. (383) 361-06-35, e-mail: dlis@ssga.ru

B noknmage paccMaTpuBalOTCS  KOHIEHIMS M HEKOTOPBIE PE3yNibTaThl  Pa3pabOTKH
UHCTpyMeHTaNbHOUM crnpaBouHo-aHamuTHueckod ['MIC (MCA T'MIC), BbinonHsemoil B Cubupckoit
rocyJapCTBEHHOM Ireoe3nYecKOi akaJleMUH 10 rocyaapcTBeHHOMY KoHTpakty Ne 02.740.11.0735
B pamkax @enepanbHOi LeneBod nporpamMmbsl «HaydHble M Hay4yHO-IIEAATOTMYECKHE Kaapbl
nHHOBanMoHHON Poccum» Ha 2009-2013 roxabr npu (uHaHCOBOW momnaepkke DenepalbHOTO
areHTCTBa N0 HayKe W MHHOBalMsIM. Tema HampaBieHa Ha pacmupenue cepsl npumenenus ['NC B
cpene IoNb30Bareied, HE MMEIONMX CHEMUaIbHOM TeoMH()OPMAIMOHHOW  IMOJATOTOBKH.
[IpuBoasiTcss 000CHOBaHME BBISIBICHHOM MPOOJIEMBbI, MYTH TOCTHKEHHUS IMOCTABICHHBIX IIEJIEH,
OCHOBHBIC METOJIMYECKUE U TEXHOJIOTUUECKHE PELICHHUS.

KiroueBble cioBa: reonHdopManoHHas CHUCTEMa, CIPAaBOYHO-aHATUTHUYECKHE (DYHKIUH,
dopManuzanus  TEXHOJOTMYECKHUX  IpOIeccoB, WeD-TexHomorus, oOJiauHasi TEXHOJIOTHS,
MHCTpYMEHTAaJIbHAsI TPOrpaMMHasi CcTeMa, IPOrpaMMHBIH poOOT.

REFERENCE-ANALYTICAL GIS TOOL AS A NEW GEOINFORMATION INSTRUMENT
FOR A WIDE RANGE OF USERS

Dmitry V. Lisitsky
Ph.D., Prof., head of cartography and GIS department, Siberian State Academy of Geodesy, 10
Plakhotnogo st., 630108, Novosibirsk, phone: (383) 361-06-35, e-mail: dlis@ssga.ru

The concept and some results of reference-analytical GIS tool development are considered. It
is being implemented in Siberian State Academy of Geodesy by state contract # 02.740.11.0735 in
the framework of the Federal target program “Research and educational personnel of innovation
Russia” for 2009-2013 under the financial support of the Federal agency for science and
innovations. The research is aimed at the expansion of GIS applications for users inexperienced in
this field. The revealed problems, the ways for achieving the goals and basic methodical and
technological decisions are substantiated.

Key words: GIS, reference and analytical functions, formalization of technological processes,
web-technology, cloud-technology, software tool, program-controlled robot.

FGOI/IHCI)OpMaHI/IOHHI)IC CHUCTCMBI SBJIAIOTCA CErOAHSA OCHOBHBIM HMHCTPYMCHTOM
IJI1 BBCACHHUA, aHAJIM3a W IIPCACTABICHHA IIPOCTPAHCTBCHHBIX JAaHHBIX BO BCCX
oTpaciiix U BO BCCX obOnacTax KHN3HCOACATCIBbHOCTHU O6IIICCTB21. Onnu HCTIPCPBIBHO
COBCPIHICHCTBYIOTCA MW pPa3BUBAIOTCA, PpCaIM3yYIOTCA HOBBIC (i)YHKHI/IOHaJII)HBIG
BO3MOKHOCTHU, IOABIAIOTCA HOBBIC Cq)epbl HUX IIPHUMCHCHMHA. OI[HaKO IIpu 3TOM
ITPOABJISICTCA 141 YCHIINBACTCA ITPOTUBOPECUHC, CBs3aHHOC C HaHBHeﬁmHM
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pactipoctpanenrieM ['MC B cpene MIMPOKOro Kpyra MOJb30BaTeNel: ¢ OJHOM
ctoponbl, coBepiieHcTBoBaHue ['MIC nomkHO cnmocoOCTBOBaTh paclIupeHUIo chepsbl
UX TPUMEHEHHUs, a C JPYrod CTOPOHBI, HEU30EKHOE YCIOKHEHHE IPOrpamMMHO-
TEXHOJIOTUYECKOTO OOecreyeHusi orpannumBaeTr kpyr mnoisizoBareneit [MC y3kumu
npodeccuonaniamMu, 4To HAOOOPOT HAUMHAET CIAEPKHUBATh PACIPOCTPAHEHHUE ITHX
CUCTEM.

JIns crmakuBaHHsSI YKA3aHHOTO TMPOTHUBOPEUHS W CHIDKEHHUS CTEIEHH €Tr0
BausHUA Ha pacrnpoctpaHeHue ['MC cpean MMpPOKHX KpPyroB IOJIb30OBAaTeNed B
Cubupckoii rocynapctBeHHoi reonesnyeckoii akagemuu (CI'TA) Begetcs pa3paboTka
HHCTpyMeHTalIbHOU cnipaBouHo-aHauTHueckoit [ UIC (MCA T'HC), paccuntanHoil Ha
HCIIOJIb30BaHUE PA3TUYHBIMU MOTPEOUTENIMHU, HE MUMEIONIMMH NMPOQECCHOHATHEHON
reoMH()OPMAIMOHHON TOArOTOBKM. TeMa BBINOJHSAETCA MO TOCYJapCTBEHHOMY
koHTpakTy Ne 02.740.11.0735 B pamrax PeacpajbHOW UEIEBOM IMPOrPAMMBI
«HayuHble W Hay4HO-IIEAArornyeckue Kaapbl MHHOBaLMOHHOM Poccum» Ha 2009-
2013 rogwsl mpu (uHaHCOBOM mnopaepxkke DenepasbHOTO areHTCTBA IO HayKe U
VHHOBALUSIM.

KoHnenmust JOCTH>KEHHSI TIOCTABICHHOW ILIEJIM 3aKJIOYAETCS B aBTOMATH3ALUU
(GOopMUPOBaHUS  TEXHOJOTHYECKOM IIETIOYKM THUIOBBIX T'€OMH(OPMAIIMOHHBIX
IpOLEAYp B COOTBETCTBHM C IIOCTaBICHHOM I0JIb30BaTelIeM T€OMH(POPMAIIMOHHOM
3a7a4ei.

B o0mem ciyyae, uist pabOThI ¢ T€ONpPOCTPAHCTBEHHBIMU JTAaHHBIMU M PEIICHHUS
m000i TeonH(POPMAIITMOHHON 3a7aud  HEO0OXOAMMO HCIOJb30BaTh OIMPEICICHHOE
MporpaMMHOe 00€CIEYEeHUE U OCYIIECTBIATh COOTBETCTBYIOIINE TEXHOJIOTMYECKUE
npoiecchl. BblOOp NPOrpaMMHO-TEXHOJOTUYECKOTO OOECIEUEeHHs] OIpeAesaeTCs
WCXOJd W3 BCEro KomIuiekca mnoreHuuanbHbix [MC- 3amay, a KOHKpPETHbBIE
TEXHOJIOTUYECKHE MPOLECChl - M3 NOTPEOHOCTE  OTAENBHBIX  KOHEUHBIX
noJp3oBaresneil. Ciaeayer yuuThIBaTh TOT (DAKT, YTO B HACTOSIILIEE BPEMS IPAKTUYECKU
mobast reonH(opmaIrionHasi cucteMa o0aiaeT CBOMCTBOM YHUBEPCAIbHOCTH, T. €.
paccuuTaHa Ha pabOTy CO BCEMH IOJb30BAaTEIsIMHU, 0€3 yueTa WX MHAMBHUIYAJIbHBIX
norpedbHocredt. OnHAKO MPU 3TOM CaMU IOJb30BATEIM JIOJDKHBI 007anaTh PSaOM
CHEUUAaJbHBIX 3HAHUN O cTpykType ucnonbdyemor ['MC, ocHOBHBIX MeTomax e€
paboThl, a Takxke sl (GOPMHUPOBAHUS MPOCTPAHCTBEHHBIX 3alPOCOB M TEXHOJIOTHU
pelieHus 3a1ad. JTH TpeOOBaHUS U OTPaHUYMBAIOT CYIIECTBEHHO PacIpOCTpaHeHHE
I'MC B pa3HbiXx cdepax DSKOHOMHUKHA U SKU3HEACSATENBHOCTH OOIIECTBa, T.K.
OOJIBIIMHCTBO IMOJb30BaTENIed HE UMEIOT HEOOXOAUMOTro 00beMa TpeOyeMbIX 3HAHUN
B obnactu ' MC-00paboTku.

[IpencraBuM Teneps J11000€ B3aUMOJACUCTBUE TOJB30BATENS, HE HMEIOUIETO
HaBbIKOB paboThl ¢ 'MIC, ¢ cucTteMol reonpoCTpaHCTBEHHBIX JIAHHBIX KakK padoTy C
YepHbIM SAIUKOM. Hy)XHO JHIIb MOCIaTh CUCTEME HEKHIl BXOIHOM CUTHAJI B BUJC
3ampoca M MOJYYUTh OTKJIMK, OTBET Ha 3ampoc B BHJE 00OpabOTaHHBIX UYMCIOBBIX,
TEKCTOBBIX, KapTorpaduueckux M Apyrux naHHbIX. [Ipm 3TOM cam mosib3oBaresb
MOXXET HE€ 3HaTh, MO KAaKWM ajropuTMaMm ObUT 00paboTaH €ero 3ampoc, Kak
OCYIIECTBIsIIACh nepenada nadopmanmu, kakue mogymu [ MIC Ob1mm 3a1eicTBOBaHbBI
, 0 KaKUM KaHaJlaM U Tak jajiee. [[ns peanuzanuu Takoro METoAa B3aMMOJIECUCTBUS
HENOoATOoTOBIEHHOTO Tonb3oBarens ¢ ' UC neoOXxoammo pa3paboraTh crenuagbHOE



VOPABISIONICE MOJEIHHO-AJTOPUTMUIECKOE M TMPOTPAMMHOE OOeCTieueHHne st
nojib3oBareis. Takoe HporpaMMHoe oOecreyeHUuEe MOXKET padoTaTh JIOKAJIbHO Ha
KOMITBIOTEPE TOJIb30BaTENsl, MO0 YCTAHABIMBAaThCA Ha CIEUUAIBLHOM YIaJICHHOM
cepBepe. OHO OasupyeTcs Ha UWHIMBUIYAIbHBIX OCOOCHHOCTAX KOHKPETHOIO
MOJIb30BaTENsl, CO3[aBas €ro MoOJelb C TOYKA 3pEHUs TeOMH(OPMAIIMOHHBIX
uHTepecoB. Bo BpemMs pa®oThl  TONB30BaTENS  MPOUCXOAUT  MOCTOSHHAsS
KOPPEKTUPOBKAa MOJEIM Ha OCHOBAaHUM HOBBIX TMOCTYNAIOIIUX JIaHHBIX U
npenpiaynux 3amnpocax k ['MC. Takum oOGpa3om, monens OyaeT Bcerma oTpaxkarb
aKTyaJIbHbIE TeOMH(OPMAIIMOHHBIE HHTEPECHI MTOJIH30BATEIIS.

PaszpabareiBaecmass UCA TUC sBusercs pacnpeneiaeHHOW HH(POPMaUOHHOM
CHUCTEMOHM, B KOTOpPOHl OTAENbHO BBIJEICHA pOJb pa3paboTynka (a B mporecce
(YHKIIMOHUPOBAHUSI — CUCTEMHOTO aJMUHHCTPATopa) U KOHEYHOTO IOJIb30BaTEIIs
npoaykra (cepBuca). Pa3paboTuuKy (CUCTEMHOMY aJIMHHHUCTPATOPY), KaK MPABHIIO,
M3BECTHO, HAa KakKOW KpYyr TOJIb30BaTElIE M pEIIAeMbIX 3a7ad OpPHEHTUPOBaHA
cuctemMa. Taxxke  pa3pabOTUuK  (CHUCTEMHBIM  aJIMHHHCTPATOp)  CO3/AeT
MH(OPMAIITMOHHOE HAIMOJIHEHWE TaKOM CHCTeMbl, TaK Ha3bIBAEMbId KOHTEHT,
BBIOMPAET, B KAKOM BHJI€ U KaK OyJIeT XpaHUTbCS MHPOpMAIs, KaKuM 00pazom OyayT
OpraHU30BaHbI IEPEXOAbl MEX Ty HH(DOpMaIIMOHHBIMU Ookamu. [Ipu 3ToM OCHOBHAas
3ajlada - BbIOpaTh MPABWIBHBIA CHOCOO OpraHu3anuud  HHPOPMAIMOHHOTO
HaIOJIHEHHUS, CIOCO0 XpaHeHHUs, crocod B3aMMOCBS3M OJ0KOB MHGOpPMAIINH, CIIOCO0
MPEACTABICHUS B KaXKJIbIH MOMEHT TOJIBKO HEOOXOIUMOW KOHEYHOMY IOJIh30BATEIIO
nHpopManu, obOecrieunBasi TeM CaMbIM yI0OCTBO pabOThI C CHUCTEMOM MJi €€
MOJIb30BaTeNeH. ITO TOCTUTAETCS UCIIOJIb30BAHUEM MOEIIH KOHEUHOTO MOJIb30BaTENs
Y TIPEAMETHOM 00IacTH, a TaKkKe aJTOPUTMOM JTUHAMUYECKOTO U3MEHEHUSI KOHTEHTA
B 3aBUCHUMOCTH OT COCTOSIHUSI CHUCTEMbI, KaK COBOKYITHOCTH COCTOSIHUM MOJCIH
MOJIB30BATENS U MOJENH MPEAMETHOM 00JIaCTH.

B ocHoBy BeimosiHsieMoii HUP miprHATEI HECKOJIBKO BaXKHBIX MPUHIUITHATBHBIX
MTOJIOKEHUM:

— TeoundopmaniionHbie  TpOLIECCHl  TOABEPTAIOTCS  MPEABAPUTEIHLHOMN
dbopmanuzamnuy, pa3OMEHUIO Ha TMPOCThbie TEOMH(GOPMAIMOHHBIE MPOIEAYPHl U
TUMU3ALMHI ITUX TEXHOJIOTHYECKUX MPOLIETYD;

— Kaxnaa npouenypa peanusyeTcss MyTeM CO3[aHUsl MPOrpPaMMHOIO MOIYIS,
YIOPaBJISIONIETO TpolieccoM 00paboTKM Ha 0a3ze CTaHAaApTHOTO IPOTrPaMMHOTO
ooecneuenus ['MC;

— Ilpemmaraembrii  reocepBuUC TpemocTaBiuseTcs B ¢GopMe  «oOIadHOM
TEXHOJIOTHUM» Yepe3 ceTh MHTepHer B kareropum SaaS (Software as a service —
MpOrpaMMHOE 00ECIIEYCHHE KaK CEPBUC);

— Bzaumoneiictue nosbs3oBareist ¢ UCA I'MC ocyiecTBisieTcs mocpeacTBOM
cnenuaigbHOro  uHTepdelica W OpPOrpaMMHBIX  poOOTOB  (WWW-00ThI),
¢yukumonupytommx B cetu IRC (Internet Relay Chat- Cucrtema auamoroBoro
obmenuss o Murepuery; IRC - mpoTokos, npeaHa3sHAuCHHBIM [JIsi OOIICHUS B
peXKUME peallbHOrO BpeMeHU 1o VIHTepHeTy ¢ apXUTEKTypOU KIMEHT-CepBep);

— Pabouee KOMIBIOTEPHOE YCTPOMCTBO MOJIB30BATENSI UMEET MUHHUMAJIBHOE
MporpaMMHOe 0OecTieueHre, MPAKTUIEeCKN TOIBKO Opay3ep i Bbixona B MIHTEepHeT;



HampuMep, B KA4ECTBE TAKOTO YCTPOMCTBA MOXKET OBITh MCIIONH30BAH IUIAHIICTHBINA
KOMIIBIOTED.

B cooTBeTCTBMM € TPUBENCHHBIMU KOHLEMNIMUENR W NPUHIUIIAAIBHBIMUA
MOJIOKEHUSIMU HaMU MPEJII0AKEHO HOBOE TEXHUYECKOE PEIlICHUE U pa3padOTaH MakeT
MHCTPYMEHTAJILHON CIPaBOYHO-AHAIUTUYECKON T€OMH(DPOPMAIMOHHOM CHUCTEMBI —
NCA THUC. Dto pemieHue 3amuineHo mateHToM Poccuiickoit ®denepanyu Ha
none3nyto moaenb Nel13599 8 2012 roay [1].

Cucrema OpHEHTHpPOBaHa Ha MPEJOCTABICHUE CIEUUAIBLHOrO Habopa
MHCTPYMEHTOB  JUIs  ocymecTBieHus  mnpodeccuonanbHoit  ['MC-06pabotku
MOJIP30BATEIISIM, HE BIIAJICIONIMM TeOMH(OPMAIIMOHHBIMA TEXHOJOTUSAMH. ITO
obecrieynMBaeTCsl  KMCMHOJIb30BaHMEM  OMOJMOTEKHM  CTaHAApPTHBIX  MPOIEAYD,
pa3paboTaHHOW Ha OCHOBE (QopMaM3alUi TEXHOJOTMYECKUX MPOIECCOB U
(dbopMyIUpOBaHUS TUMOBBIX 3aja4 MpPeaMETHON obnactu ¢ no3unuii merogoB ['MC-
oOpaboTku.  bubnuorexka COAEPXKUT CHEIUANTbHBIE MPOrPAMMHBIE TPOIEAYPHI,
peanuzyroniue TexHonorudyeckue rmpormecchl [MC-00paboTku 1pu  penieHuu
(dhopMalIbHBIX TUNOBBIX 3adad. Ilo cyTu [nema, 3TO cHenUaIu3UpPOBAHHBIC
nporpaMmHbie  poOOTHl  (OOTBI), aBTOMATHYECKH  BBITIOJHSIONIUN  YKECTKHE
MIPOTpaMMBI, KaK JUIsl TOUCKA HEOOXOIUMBIX UCXOAHBIX JAHHBIX, TAK U PEATU3YIOIINE
Hatop QopmanuzoBanHbix mporeccoB [MC-o6paborku. B coorBeTcTBUM €
ykazaHHoi koHueniueidl, B CITA BblonHEeHbl pa3paboTKu MO (GopMaTu3aliu
MPOLIECCOB  COCTABIICHUSI TEMAaTHYECKUX KapT[2] U 0OJoKka MpeJaCcTaBJICHUS
MyJIbTUMEANIHON nHpopmanuu|3].

Crpykrypno, UCA THUC peanusyercs B COOTBETCTBUM C  KOMILIEKCHOM
TEXHOJIOTUEW U COCTOUT U3 3-X B3AUMOJCHUCTBYIOIIMNX TEXHOJIOTUUYECKHUX MOJICUCTEM:

— MHWHrepdeiicHoii moacucTeMbl, QyHKIMEH KOTOpPOW sBIsETCS Iepeaada B
MPOLEAYPHYIO TOACUCTEMY 3allpOCOB KOHEYHOIO IM0Jb30BATENS, IOIYYEHUE H
0TOOpaKEHUE BBIXOJHBIX JJOKYMEHTOB;

— IlpouenypHoii noacucrembl, GyHKIIMEH KOTOPOH SBISIETCS aBTOMAaTUYECKast
00paboOTKa CIpPaBOYHBIX 3alPOCOB, AHAJIUTHYECKass oO0paboTka, (opmMupoBaHue
BBIXOJHBIX JOKYMEHTOB U Tepeada ux B UHTEPPEHCHYIO MOJACUCTEMY;

— AJIMHMHHUCTPATUBHOW moacucTeMbl, (QyHKIMEH KOTOpOW  SIBISETCS
MOJNTOTOBKa ¥ (OPMHPOBAHWE TUIIOBBIX TEXHOJIOTHYECKUX MPOIEAYyp I
ABTOMAaTUYECKO 00paOOTKH 3alPOCOB K CUCTEME.

VYKkazaHHBIE TOACUCTEMBI Pa3MEIICHbl HA OJTHOM WJIM HECKOJbKHX CepBepax M
COCIMHEHBI MEXIy €000l W ¢ pabouuMu KOMIBIOTEPHBIMH yCTPONCTBAMU
MOJIb30BAaTEJIEN C MMOMOIIBIO KAHAJIOB CBSI3U Yepe3 KOMIBIOTEPHYIO ceTh (Puc.1).

Nurepdericnas noacuctema (1) Biirodaer nBa Onoka (4, 5), OTBEUAIOMIMX 3a
BBOJI JIaHHBIX M CO3JaHUE W300paKeHUs Ha PabOYMX KOMITBIOTEPHBIX YCTPOMCTBAaX
nosib3oBateneit (12). IlpomnenypHas moacucrema (2) BkiarodaeT aBa Onoka (6, 7),
OTBEYAIOIIIMX 32 B3aMMOJIEUCTBHE C MOJH30BATENEM U BBINOJHEHUE aHAIUTHUYECKUX
Opoueayp 1O  BbIOpAaHHBIM  THUIIOBBIM  pe3yiabTaraM C  HMCHOJIb30BaHUEM
NoJHOGYHKIIMOHANBHOW reorH(popMalmoHHON cuctembl (13). AaMUHHUCTpaTUBHAsS
nojacuctema (3) BiIroyaeT detbipe Onoka (8, 9, 10, 11), oTBevaromux 3a XpaHEHHE



NPOCTPAHCTBEHHBIX, aTPUOYTHUBHBIX JI@HHBIX, CIY)K€OHBIX JaHHBIX, YMpaBICHHE
CUCTEMOM M TpeNOoCTaBICHUEM JOCTyIa, obecrneunBalmMX (HopMUpoBaHUE U
MHTErpallFIO B CUCTEMY ITPOTrPaMMHBIX MPOLIEYp PEIICHHS HOBOTO TUIIA 3a]1ay.

[Tonb3oBarens MHCTPYMEHTaJIbHON CIPaBOYHO-aHAIUTUYECKOM
reouH(OpMAIMOHHOW CHUCTEMbl B COOTBETCTBMM C COOCTBEHHOW 3ajayeit
NPOCTPAHCTBEHHOIO aHAlM3a C IMOMOIIBI0 Pabodyero KOMIIBIOTEPHOIO YCTPOWCTBA
(12), Onoka orToOpakeHHs TMOJb30BaTeNbckoro wuHTepdeiica (5) wu  Oioka
B3aMMOJICUCTBUSA C TMOJib30BaTesnieM (6) B MHTEPAKTUBHOM pPEXHME BbIOMpaeT u3
HaOboOpa THUMOBBIX peE3yJAbTaTOB HYXHBIH eMy. HaOop THUMOBBIX pe3ynbTaTOB
npeacTaBisieT co00il COBOKYNMHOCTh OOpPA3IOB PEIICHHS PAa3IMYHBIX THUIIOBBIX
reonH(GOPMAIIMOHHBIX 3a7lad ¢ BO3MOXXHOCTBIO BBOJA MOJB30BaTeIeM COOCTBEHHBIX
WCXOJTHBIX TAHHBIX U HACTPOMKOI MapaMeTpoB 0TOOpaKEeHHUs Pe3yIbTara.

12 - 13
. MonHoMYHKLMOHaNbHAs /
~._ Paboune komnbloTepHble FeOMHOPMALMOHHAS
yCTpoOWCTBa Nnonb3oBartenemn p—
1 2
WHTepdelicHaa nogcucrema MpouenypHas
4 \ // 5 6 \ noacuctema / 7
f PRt S A 5 sz v v S 1 E
Brok BBOAA . q?eﬁca .z :  : bnok BeINonHeHus
oTobpaxeHuss P ) N Brok i QHATMIMHOCILS
. co nonb3oBaTena. . A 5 i npouenyp no
: MPOCTPAHCTBEHHbIX : 3NEeMeHToB ; : B3aumMogencTBusd C
6 ] : : BblGpaHHbIM
N aTpUOYTUBHbIX " vnpasneHus v Habopa - nonb3oBateneMm . -
JaHHbIX 3 YIp pe o g © | nonbsosaTenem
. TUNOBbIX PE3ynbTaToB ! : © : TMMNOBbIM pe3ynbTatam :
AOMUHUCTpaTMBHagA nogcucrema
9 R : / 10
8 \ Bnok popmunposaHus n : /
\ ' VHTETPALMMA MPOMPAMMHBIX  © oo :
e . OISO PELISUTHOEOD. & : :
Brok xpaHeHus - Tvna 3apay . Briok xpaHeHusi cryxebHbix
npoCTpaHCTBeHHb|X M ......................................................................... uaHHle
aTpuByTUBHBIX AaHHbBIX
R *: Bnok ynpaBneHus cUCTEMO 1
npepoctaeneHus goctyna ——— 11

o3

Puc. 1. ITpunuunuansaas cxema MCA TYIC

bnok BBOZA M 0TOOpa)keHUSI MPOCTPAHCTBEHHBIX U aTPUOYTUBHBIX JAaHHBIX (4),
BXoAsammii B wmHTEp(deiicHyto moacucremy (1), opraam3yer BBOA JIaHHBIX
nojip3oBarenieM M (QopMmupyeT M300pakeHue AJi1 BbIBOJA pe3yibrara Ha paboune
KOMITbIOTEPHBIE YCTpOicTBa moJib3oBareseit (12). biok BeIMOIHEHUST aHATUTUYECKUX



npoueayp (7) B mpoueaypHod mnoacucteme (2) mo BBIOPAaHHOMY IOJB30BATEIIO
TUTIOBOMY PE3yJIbTaTy aBTOMaTHUECKH OepeT U3 OJI0OKa XpaHSHUS CITYKeOHBIX JaHHBIX
(10) TeXHOIOTHYECKYIO IOCIENOBATEILHOCTh BBITIOJHEHUS 3aJa9d W OPTaHU3YeT
B3aMMOJICHICTBHE C MOJHOPYHKIIMOHAIBHON TeomHpopMaIoHHoi cuctemoit (13),
KOTOpasi BHIMOJHSAET 0a30BbIC U AaHATTUTHYECKUE TeONH(DOPMAITMOHHBIE TPOIISTYPHI.

Pesynbprar BBIMONHEHWS aHATUTUYCCKUX 33134 IepenaeTcss B HMHTEpHEHCHYIO
cuctemy (1), KoTopas MpemocTaBIseT €ro Ha pabodee YCTPOMCTBO TOIH30BATEIS.
[Ipu HEOOXOMUMOCTH MOJIb30BaTENIb UMEET BO3MOXKHOCTH C TOMOIIBIO BU3YaJIbHBIX
AIIEMEHTOB YTPABICHUS M3MEHUTHh BXOJAHBIC HAHHBIE W HACTPOUKH OTOOpakKeHUs
UTOTOBOTO pe3yibrata. B ciydae, ecnu mpu pemieHHMH CcoOCTBEHHOW 3aiadu
MOJIb30BATENlb HE HAXOMUT HYXKHBIM oOpaser; B HaboOpe THUIIOBBIX pE3YJIbTATOB,
aJIMMHHACTpaTUBHASA ToJcUcTeMa (3) OTHpaBisieT 3ampoc Ha CO3/[aHHE HOBOTO THUIIA
3aaay (9) cneuunanucty B odnactu [ MC-texHonorui.

[IpocTpancTBeHHBIEC U aTPUOYTUBHBIC TAHHBIE MOJIH30BATENICH MOTYT XPAHUTHCS,
Kak Ha padouyux YCTpOHCTBaxX TMOJb30Bareiel, Tak U B OJOKEe XpaHEHHUS
MPOCTPAHCTBEHHBIX U aTPUOYTHUBHBIX JAHHBIX T€OMH(MOPMAIMOHHON cucteMbl (8).
VYopapneHue MHCTPYMEHTAJIbHONW CHPABOYHO-aHAIUTUYECKON TI'€OMH(pOPMAIIMOHHON
CUCTEMOM OCYILECTBISET aJIMUHUCTPATOP C MOMOIIbIO OJOKA yNpaBIEHUs] CUCTEMON
u penocrapieHus goctyna (11).

®yukimonnpyetr UCA I'MC B 2-x pexumax (puc. 2):

— B pexume pemennst popmanuzoBanHbix 3a1a4 [ MC-06padoTku;

— B pexume nononnenus o6ubnuorexku npouenyp ' MC-o6pabotku.



biox
¢dbopmupoBaHu

[— s TIPOLIEYP
A\ 4

IIpouenypa

Puc. 2. Pexxumsl dpynknmonuposanust MCA TUC
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Kaptorpadus, mapkieiaepus. Y. 2: c6. matep. VII Mexnynap. HayuH. konrpecca «'EO-Cubupsb-
2011», 19-29 ampens 2011 1., HoBocubupck. - HoBocuoupcek: CITA, 2011, ¢.45-49.

3. Jlumcuukuit  J.B.  IIpoextupoBanue  wuHTepdeiica  MyabTUMeAMHOrOo  OJOKa
WHCTpyMEHTaIbHOU cripaBouHo-aHanuTudeckoit ['UC. [Tekct]/ H.B. Jlucumkuii, E.C. YTpobuna,
A.A. KonecuukoB, E.B. Komuccaposa//I EO-Cubupp-2011. T.1. TI'eonesusi, reounpopmatuka,
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WHHOBALMOHHbIE BO3MOXXHOCTU KOCMUYECKNX TEXHOJIOMMIA B
KOMMJIEKCHbIX MPOEKTAX KOMIMAHUU «COB30OHO»

Huna bopucoena Anovicuna

000 «Kommnanust CoB3oHny, 115563, r. Mocksa, yn. [llununosckas, 28a, busnec nentp «Munany,
BEAYIIUH CIEHUAINCT OTAela MporpaMMHOro obecmeucHus, tea. +7 (495) 988-75-11, e-mail:
softwarel@sovzond.ru

B noknane Oymer paccka3aHo O BBINOJIHEHWHM IMPOEKTOB W TONYYEHHBIX pe3yibTarax: 1)
Co3nanue reonH(pOPMALMOHHON CUCTEMBI JJIs1 YIPABJICHUS 3€MEIbHBIMU PECYpPCaMH U 0OBbEKTaMU
HeABM>KUMOCTH Pecniyonuku Bypsitust.

2) Coznanue LleHTpa KOCMHYECKOIO0 MOHUTOpHHra (B pamkax LleHTpa KOCMHYECKHX yCIyT)
Uiss  oOecrieyeHus OpraHOB HCIIOJHUTENBHOM Biacth VpKyTckol o0macTu onepaTuBHOU
uHbopManuen Uil NPUHATUS 0OOCHOBAaHHBIX M 3(PPEKTUBHBIX pEIIEHHH, a Takke i1 00ydeHus
CTYZEHTOB By3a COBPEMEHHBIM KOCMUYECKUM U F'€OMH(POPMAILIMOHHBIM TEXHOJIOTUSIM.

KuroueBbie cioBa: LleHTp KOCMHUYECKOTO MOHHMTOPHHIA, WH(OpPMALMOHHBIE TEXHOJIOTUH,
reoMH(pOPMALIMOHHBIE CUCTEMBI, T€0NOPTAJL.

INNOVATIVE TECHNOLOGY OPPORTUNITIES IN COMPLEX SPACE PROJECTS OF
SOVZOND COMPANY

Nina B. Yaldygina
SOVZOND, 28a, Shipilovskaya St., Moscow 115563, Russia, Leading specialist of software
department, tel.: +7 (495) 988-75-11, e-mail: softwarel@sovzond.ru

The report contains information about the implementation and the results of the following
projects: 1) Development of geoinformation system for the management of land resources and real
estate of the Republic of Buryatia.

2). Creation of Space Monitoring Center (within the framework of Center of space services)
to provide the executive authority of the Irkutsk region with the operational information to make
informed and effective decisions and to teach high school students advanced space and
geoinformation technology.

Key words: Space Monitoring Center, information technologies, geoinformation systems,
geoportal.

Brenpenune KoCMHUUYECKMX TEXHOJIOTHH B MHGOPMAIMOHHYIO UH(PPACTPYKTYPY
PErHOHOB caMbIM 3(P(EKTUBHBIM 00pa30M CKa3bIBAeTCS Ha KadyeCTBE 00O0CHOBAHHBIX
VOPABIICHUYECKUX PEIICHU, M YTO HEMaJlOBaXHO, Ha pa3paboTke KOHIICTIIIHIA
MTOBBIIICHHUS WHBECTHIIMOHHOMN NPHUBJICKATCILHOCTH  PETHOHA. JlanHbIC
JUCTAHIMOHHOTO 3oHaupoBanus 3emnu ([33) M3 kKocMoca M onepaTuBHBIN
KOCMUYECKUM MOHHMTOPHUHI  SIBJISIOTCS  BBICOKOKAYECTBEHHOM  OCHOBOW IS
pa3pabOTKK CXeM TEePPUTOPHATBHOTO IUJIAHUPOBAHUS M TPalOCTPOUTEIBLHOMN
JOKyMEHTAIMM, JAl0T MCYEPIBIBAIONIYI0 M JOCTOBEPHYH HMHGOpPMAIUIO O
IPUPOJHBIX pecypcax, TPAHCIOPTHOM M HWHXXEHEPHOW HHEOPACTPYKType, APYTruX
oOBEeKTax.
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Hosgeilmne wuHQOpMalMOHHBIE TEXHOJIOTMM — TJaBHas cdepa HHTEPECcOB
komnanun «CoB30HI». MBI mpenjaraéM KOHILIENTYaJbHO HOBBIE WHHOBAIIMOHHBIE
noaxonbl, paboTas HajJ JadbHEHIIMM COBEPIIEHCTBOBAHUEM M  Pa3BUTHEM
TEXHOJIOTUH, OCHOBAaHHBIX HA WHTEIPUPOBAHHBIX CEPBEPHBIX I'€OMH(OPMAIIMOHHBIX
pEIICHUSX U 00JJaUuHbIX BHIYUCIICHUIX. B mocneanue rojpl B 1€4T€IbHOCTA KOMITAHUH
Bce OoJyiee aKTyaJbHBIM CTAaHOBUTCS pa3BUTHE U BHEJAPEHUE pEUICHU,
OpPUEHTUPOBAHHBIX HAa HYXIbl PA3JIUYHBIX OTPACi€l HApPOJHOIO XO35HCTBA H
MPEICTABISIONIMX COOOM TOTOBBIE amMapaTHbIE MPOrPAMMHO-TEXHOJIOTHUYECKHE
KOMILICKCHI, Oa3upytromuecs Ha naHHbix [[33.

Komnanust «CoB30HA» mnpeiaraeT KOMIUIEKCHBIM IMOAXOJ B HCIOJNb30BAaHUU
naHHbeIX /[33 — co3naHMe peruoHaNbHBIX LEHTPOB KOCMHUYECKOTO MOHHUTOPHHIA
(POKM) u wux uHpOpMaMOHHO-aHANUTHYECKoe obOecrneueHue. [maBHas 1eib
nestenbHocTH PHHKM — nonyuyenue, o0paOoTka M aHAJIM3 ONEpPAaTUBHBIX JTaHHBIX
J133 u3 kocMoca B ILENSIX MPEAOCTaBICHUs HaumOosee IOJHOW, aKTyaldbHOH H
00BbEKTUBHOW MH(POpPMAIIMK O MPUPOAHO-PECYPCHOM MOTEHIIUATIE, SKOHOMUYECKOM U
HKOJIOTUYECKOM COCTOSIHUM TEPPUTOPUU ISl IPUHATHS YIPABICHUYECKUX PELICHUM.

B noknane OynmeT paccka3aHO O BBINOJIHEHHUU JBYX IPOEKTOB M IMOJYYEHHBIX
pe3yaprarax:

IIEPBBIN TTPOEKT: Co3nanue reomndopmarmonnoii cuctemsl (IMC) s
yIpaBICHUsI 3€MEIbHBIMU pecypcaMd M OOBEKTaMU HEABMXKMMOCTU PecmyOnmuku
Bypsrus.

PE3VJIBTATHI:

Pa3paGotan u BHeIpeH Teonopral HUMYIIECTBEHHO-3€MEIbHOIO KOMILIEKCa
Pecnyonuku Bypsitus.

I'eonopran mpencrarisier coboi ANIEKTPOHHBIM Treorpaduueckuii web-pecypc,
KOTOpbIA MO3BOJIIET MOJy4yaTh YAAJEHHBIA JOCTYyn K Kaprorpaduyeckoil u
ONHUcaTeNbHON MH(OpPMALIMK C BO3MOXKHOCTSIMHM PEIAKTUPOBAHUS M aHAIU3a ITHUX
JAHHBIX, CPABHUMBIMHU C BO3MOKHOCTSIMU HacTosibHOM [ IC.

['eonoprasi TO3BOJIIET COTPYAHMKAM MHHHUCTEPCTBA HMYLIECTBEHHBIX U
3eMeJIbHBIX OTHOIIeHu Pecyonuku bypsitus:

— BsaunmopeiicTBOBaTb B MHTEPAKTUBHOM pEXUME C IOTEHUUAJIbHBIMH
BJIa/ICJIbLIAMU 3€MEIBHBIX YYACTKOB, IPEJOCTABISIEMBIX B COOCTBEHHOCTH;

— OmnepatuBHO OOHAPYKMBATh HETOUYHOCTU Kaprorpaduyeckoil mHbopmanuu
(HemomycTHMbIE HAJIOKEHUS, IEPECEUCHUS U T. 1.);

— PaccuuthiBaTh SKOHOMHUYECKHH yIIepO OT MPOCTOs 3eMEJIbHBIX YYacTKOB (Ha
OCHOBAaHHUM KaJacCTPOBOI CTOMMOCTH);

— OrtcnexuBaTh U3MEHEHUSI Ha KaJlaCcTPOBOM KapTe (TUiaHe) TEPPUTOPUU, UTO
JieNaeT  BO3MOXKHBIM ~ CBOEBPEMEHHOE TMPEJOCTaBIE€HHE BCEX  HEOOXOIUMBIX
JIOKYMEHTOB B PETHCTPALIMOHHBIE CITY>KOBI;

— HWmerts noctyn K JaHHBIM, IOJIYYEHHBIM ¢ KOCMUYECKUX anmnaparon J[33.

JlanpHelee pa3BUTHE TEOMOpPTaia MO3BOJIUT (PU3MYECKUM JIMIAM MOIy4aTh
JIOCTYyll K HAaNIJHOMY MOHMCKOBO-UH()OPMALIMOHHOMY CEPBHCY: MOXHO Oyer
MPOCMOTPETh BCe CBOOONIHBIE CPOPMHUPOBAHHBIE 3€METIbHBIE yYACTKH, MPOIIEIIINE



rOCyIapCTBEHHBIN KaJacCTPOBBIN YUET, U OCTaBUTh 3asIBKY Ha MOJIY4YEHHE BHIOPAHHOTO
yuactka. [eomopran OygeT TmoJie3eH il WHBECTOPOB: HAa HEM IUIAHUPYETCS
0TOOpaXkaTh 3€MeJbHbIE YYacTKU, Haxonsmuecs B akTuBe PecnyOnuku bypsartus, a
TaK>Ke 3eMeJIbHbIC YYaCTKHU, JIJIsl KOTOPBIX MPEJOCTaBICHO MPEUMYIIIECTBEHHOE TPaBO
BBIKyIIa apeHJAyeMOT0 HMYIIECTBA U3 TOCYJapCTBEHHOM COOCTBEHHOCTH ISt
CYObEKTOB MAJIOTO M CPEIHETO MPeTPUHIMATENHCTRA.

BTOPOU ITPOEKT: Co3nanne I{enTpa kocMuueckoro Morutopunra (IIKM) (s
pamkax LleHTpa KOCMHUYECKUX YCIyT) Al 0OECreueHUs: OPraHOB UCTIOIHUTEIHHOU
Bractu UMpkyrckoit oOmactu omepaTMBHOM uWHGOpManueil A  OPUHATHA
000CHOBaHHBIX U 3 (EKTUBHBIX PEUICHHM, a Takke JUIsi 00y4eHHUs! CTYICHTOB By3a
COBPEMEHHBIM KOCMHUYECKUM M TeOMH(OPMAIIMOHHBIM TEXHOJIOTHSIM.

PE3VJIBTATHI:

Co3man  koMmIUIeKC OOpabOTKM MW aHaiW3a JaHHBIX JAUCTAHIIMOHHOTO
30HAMPOBAHMS 3EMIIH.

Obpaborka ganHbix [JI33 BemeTcss €  HCHOJIB30BAaHUEM  CIEAYIOLIUX
IPOrPaMMHBIX CPEJCTB:

— Trimble INPHO — nnst poTorpammerpuueckoii 00paboTKH;

— ENVI — nnsa remaruueckoit o6paboTku.

Jns co3nanusi reouH()OPMAIUOHHBIX CHUCTEM, MOATOTOBKU KapT, BBIMOIHEHUS
I'MC-ananu3a ucnoaes3yercs nporpaMmMubiid komiieke ArcGIS.

B cocraB ammaparHoro oo6ecrnedenus [IKM BxomuT creruaan3upOBaHHBIHN
komiuieke TTS, mpeaHa3HaueHHBIN NI BU3yaJdU3allMU JAHHBIX U HUHTEPAKTUBHOIO
B3aMMOJICUCTBHUS.

B Hacrosimiee BpeMs MpojoiKaroTCs pabOThl MO CO3[JaHUI0 PErMOHAIBLHOTO
reornoprajga, Ha KOTOPOM OyayT MpPENCTaBICHbI MPOCTPAHCTBEHHBIC aHHBIE Ha
tepputoputo UpkyTckoii 06macTu.

Ha pganHBII MOMEHT CO37]aH MPOTOTHUN IeonopTajia Ha TEPPUTOPUIO OJHOTO U3
paiionoB MpkyTckoii 06acTu.

I[ToMMMO KOCMHUYECKMX CHHUMKOB, Ha I€ONOPTAJE MPEICTABICHBI KapTOCXEMBI,
OoTOOpakarolllue W3MEHEHUsS B pa3IMuHbIX cdepax AesATETLHOCTH: IOSBICHUE
BBIDYOOK, CIle[bl  MOXKApOB, pa3pabOTOK  MECTOPOXKICHHM, CTPOUTEIbCTBA
MIPOMBIINLJIEHHBIX, TPAHCTIOPTHBIX, CEILCKOX03MCTBEHHBIX U MHBIX OOBEKTOB U T. [I.

Komnanust «CoB3oHy - Baiil cmiyTHUK B MUpe HHGOPMAITMOHHBIX TEXHOJIOTHH.

© H.B. Anovieuna, 2012
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O PA3SBUTUUN TEOAE3UYECKUX PABOT HA TEOOUHAMUYECKUX
NMPOrHOCTUYECKUX MNOJINTOHAX B PECIMYBJIMKE KA3AXCTAH

Anzenuna Banenmunosna 3emyoea

KaHIIUJAT TEXHUYECKUX HayK, JOLEHT KadeIpbl MapKIIeHIepckoe Neno u reonesus, Kazaxckwii
HallMOHAIBHBIN TexHuueckuid yauBepcuretr uM. K.M. Carnaesa, 050013, r. Anmartsl, yia. Catnaena,
22, Pecniybonuka Kaszaxcran, ten. +7 (727) 278-17-22, e-mail: lina_1954@mail.ru
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HalMOHAIBHBIN TexHnueckuit yauBepcuteT uM. K.M. Carmaesa, 050013, r. Anmartsl, yn. Carnaesa,
22, Pecniybnuka Kazaxcran, ten. +7 (727) 732-30-18, e-mail: baygurin@mail.ru

B crathe paccMOTpeHBI BOIPOCHI Pa3BUTHs TE€OJE3UYECKUX PabOT Ha Te€0JMHAMHUYECKHX
IpOrHocTuYeckux mnonuroHax B PecmyOnnke Kazaxcran. OTpaxeHbl BOIPOCH PEKOHCTPYKLIUU
AJMaaTUHCKOM TOpPOJCKOW CEeTH Ha OCHOBE TI'€OJMHAMHUYECKOM ceTH Ha 0a3e CIyTHUKOBOH
TEXHOJIOTHH.

KawueBble cjoBa: IMPOrHOCTUYCCKUC TI'COANMHAMHUYCCKUC IIOJIUTOHBI, PCKOHCTPYKIUA
ropoacCKux ceTelt.
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This article contains information about what the development of Geodesy at the geodynamic
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city network on the basis of geodynamic network based on satellite technology.
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Cpeny TOTEHIIMANBHO OMACHBIX CTUXHUHBIX OencTBuil 1isi Kaszaxcrana, mo
JaHHBIM ATEHCTBa MO Ype3BbUaiiHbIM cuTyarnusM PK, 3emnerpsiceHusi 3aHMMaroT
[IEPBOE MECTO. DTOW ONMACHOCTH MOABEPKEHO OKOJO 6 MWIJIMOHOB Ka3aXCTaHLEB U
okoiio 450 TeICSY KBaJpaTHBIX KM TepPUTOpUU pecnyOnuku. B ceiicMoonacHo# 30He
pacnonoxeHno 27 ropoaoB u 6onee 400 HaceneHHbIX MyHKTOB. Ha 3TO# Tepputopun
Haxomutcsi okoio 40 % MPOMBINIJICHHOTO TIOTEHIMANIA PECIYyOIUKH. YTpo3e
pa3pyILIUTENbHBIX  3€MJICTPACEHUH  TMOCTOSHHO  TOJBEPKEHbI  AJIMaTHHCKas,



Bocrouno-Kazaxcranckas, XKamoOsuickas, KOxxno-Kazaxcranckas obmact U ropon
Anmarel. 3eMHass kopa Tsasb-l1llaHs, y CEBEpHOTO MOJHOXKHS KOTOPOTO HAXOAMTCS
ropog Aimarbl, SBISETCSs OAHOW U3 HamboJee CeWCMOOMAacHBIX BO BCe
LentpansHoil A3uu. 3a CTO ¢ HEOOJBIIMM JIET 37E€Ch MPOU3OILLIO OKOJIO JIECITH
Pa3pYLIUTEIbHBIX 3€MIIETPSACEHUM, JBa M3 KOTOpbIXx — Ymimkckoe 1889 r u
Kemunckoe 1911 1. umenu Marautyay Oosiee 8 O6aJsIoB M BOIIUIM B PaHT MHUPOBBIX
cericMuueckux karactpod [1].

B nocneanue rogsl mpousonuim 5—6 OanbHbIE 3€MIIETPSCEHHUS] B ATBIPAyCKOMH,
3amagno-Kazaxcranckoit u Kaparanaunckoil obnactax, 7—0ambHoe 3aiicaHckoe
semserpsicenne. B 3anmagnom — KazaxcrtaHe — mpoucXoAAT — MHTEHCHUBHBIC
reoguHamMuueckue npoueccbl. Curyamuss  ycyryOnseTrcs TeM, 4TO  31eCh
OCYLIECTBISIETCA 100bIYa YIIEBOJOPOIHOIO CHIPbs, KOTOpasi B Psii€ CIy4aeB MOXKET
MPUBECTU K JOCTATOYHO WHTEHCHUBHBIM TEXHOTEHHBIM 3emiieTpsiceHusM. [lostomy
mpoOieMbl TIPOTHO3a 3EMJICTPSICEHUN M CHUXKEHHS yiiepba oT 3THX KaracTpod u
BBI3BIBAEMBIX MMM BTOPUYHBIX TE€OJIOTHYECKUX M TEXHOTEHHBIX (DaKTOPOB, MMEIOT
KU3HEHHO BaXHOE 3HAYEHUE [IJIsi oOecrieueHus O€30MacCHOCTH HaCEJICHUs W
0OBEKTOB.

Ha rtepputopun PecnyOmuku KazaxctaH mjiaHOMEpHBIE HCCIEAOBAHMUS
COBPEMEHHOW TI€OIMHAMUKH TE€0JC3UYECKUMH METOJaMH BEAYTCS TaKXKe Ha
Tanrapckom u KamMOBUICKOM T€OIMHAMUYECKUX IMOJUIoHaX. B aqMuUHHCTpaTUBHOM
OTHOUIEHUM TIOCJIEIHUN paCHOJIOKEH Ha Tepputopuu ropoaa Tapaz3 u ero
MPUTOPOAAX, YaCTh JUHUI MpoxoauT no Tepputopun Keipreizckoir PecnyOnuku. B
2006 1. B Boctouno-Ka3zaxcraHckoii o0acTi co3aH 3alcaHCKUM NeoquHaMHUYIeCKUN
nonmurod. B cepenune 1973 1. B anuueHTpanbHoi 30He Ywmimkckoro (1889 r)
3emileTpsiceHHs] Obula 3anokeHa JuHeWHas cetb — lllenmekckuit  (Anradacckuil)
MTOJIUTOH.

BeposiTHOCTh BOBHUKHOBEHUS JIehopmariiii 3eMHON MOBEPXHOCTH JJISI KPYITHBIX
METarojucOB, KAKOBBIM SBIIAETCS AJIMaThl, TOCTATOYHO Besiuka. Jledopmanuu MoryT
OBITh BBI3BaHBI KaK TEXHOTCHHBIMU, TaK M BIIOJHE €CTECTBEHHBIMU (HAaKTOPAMH:
JaBJICHUEM Ha TPYHT 3JaHUM U COOPY>KEHUW, MACIITA0HBIM MHOTOATAKHBIM
CTPOUTENBCTBOM,  MHTEHCHUBHBIM  OCBOCHHMEM  TOJI3EMHOIO  MPOCTPAHCTBA,
HapacTaHUEM TPAHCIIOPTHBIX MTOTOKOB U TIp.

Kpome Bbime ckazanHoro, Ttepputopus IOxuoro u HOro-BocTtounoro
Kazaxcrana, B ToM uucie v pailoH Anmarbl, OfHa U3 HauboJiee CeCMOOIACHBIX B
CHI'. HA reonornyeckoii OCHOBE, JOMOJHECHHOM 3JIeMEHTAMU HOBEHIIIEH TEKTOHUKH
U CEMCMOIMCIIOKALMEN, paCIPEACIICHUEM DIIULICHTPOB KPYIHEHUIINX 3€MIIETPSACEHUN
MNpOIUIOT0 W TPOSIBICHUEM  COBPEMEHHOW  CEHCMUYHOCTH,  MPOBEICH
1[eJICHANPaBICHHBIA BHIOOD IUIONIAACH I CO3/IaHUs T€0IC3UUECKUX CETEH C IETbIO
M3Y4YEHUs JIBMXKCHUN 3E€MHOM IMOBEPXHOCTH B PA3IMYHBIX T'€OJIOTO-TEKTOHUYECKUX
YCIOBUSIX.

HccenenoBanus 1o nporuosy 3emiierpscenui B Kazaxcrane Hadanuchb O BTOPOU
nmosioBuHbI 70-x TOmoB XX B. CO3MaHMEM JKCIEpUMEHTanbHOUW 0a3el (Maoro)
AJIMAaTUHCKOTO T€OJIMHAMUYECKOTO MPOTHOCTUYECKOTO MOJIUTOHA, TEPPUTOPUATIBLHO
coBIajamoniero ¢ ropogom Anmarel [2]. Ha monurone cucteMaTHyecKd BEMYTCS



HAOJIFOZICHUST 32 BEPTUKAIBHBIMH W TOPU3OHTAIBHBIMU JIBIDKEHUSMH [TUPOKUM
apCeHaJlOM CPEJICTB.

I'eone3nueckast ceTh ropojia yHUKaabHa TeM, 4TO B riepuof ¢ 1967 o 1971 roasl
3ech Oblla co3JaHa JMHEWHO-YITIOBas CeTh AJIMATUHCKOTO T'€OJMHAMHUYECKOTO
MOJIMTOHA MO mporpamme 1 kiacca.

JlaHHasi ceThb OXBaThIBACT IKHYIO 4acTh MnuicKoW BHAaWHBI, MPEATOPHYIO
HAKJIOHHYIO JOJIMHY, TPUJIABKUA 3aUIUHCKOT0 AJlaTay U XapakTEepHbIE TEKTOHUYECKHUE
CTPYKTYphl. JIBa TIe€OAE3MYECKHUX YETBHIPEXYTOJIbHUKA CETH PACIIOJI0XKEHBI B 30HE
Bepnenckoro (1887r.) 3eminerpsceHusl.

HNtor MHOrOJIETHUX WCCIECOOBAHUN CBOAUTCS K TOMY, YTO CEUCMHYECKAS
AKTUBHOCTh Ha TEPPUTOPUU Tropoja AJIMaThl OCTAETCS MOBBIMIEHHOW, YTO TpeOyeT
MMOCTOSTHHOTO MOHUTOPUHTA TEOAE3MYECKUX JIaHHBIX, IMO3BOJISIONIMX HM3y4aTh
MPEIBECTHUKH 3€MIICTPSICCHUMU.

B Hacrosimiee BpeMs B cucTeMy HaOMIOIATEIbHBIX IMyHKTOB Ha AJIMAaTHHCKOM
TCOIMHAMHYECKOM TOJIMTOHE BXOAAT M CTAHIIMM CITyTHUKOBBIX HAOIIONCHUH.

B mnocneaHue HECKOJBKO JET Hapsay C TPAJAUIMOHHBIMM T'€0/I€3MYECKUMHU
HaOTIONCHUSMH HCIIOJIB3YIOTCS METO/ABl CIYTHUKOBOM reone3un. KoMOMHHMpOBaHHE
TPAJMIIMOHHBIX HA3€MHBIX M CIYTHUKOBBIX H3MEPEHUM IO3BOJISET JOCTATOYHO
YCIICIIHO peIIaTh 3aJa4d  OMNPECJICHUS COBPEMEHHBIX JBM)KCHHUU 3E€MHOMU
noBepxHoctu (CJII3I1). CnyTHUKOBBIE TEXHOJOTHM, OJlarojgapsi CBOEH BBICOKOM
MPOM3BOAUTEIBHOCTH, TIO3BOJIMJIM C  BBICOKOM  IMEPUOJUYHOCTHIO  TOJIYYaTh
nHpopMaIuio o 1epopMalisix 3eMHOM MOBEPXHOCTU Ha 0a3ax OT MEPBBIX METPOB JI0
HECKOJIbKUX  JIECATKOB  KWJIOMETPOB, UYTO OBUIO  3aTPyJHUTEIIBHBIM  TIPU
MCIIOJIb30BaHUH TPAJAULIMOHHBIX METOUK U3MEpeHHit [3].

OnopHas reofe3nyeckas C€Tb COBPEMEHHOTO TOpojia JIOKHA OTBEYaTh €ro
IMOCTOSSHHO ~PACTYIIUM IOTPEOHOCTSAM: oOecreynuBaTh IOJYYCHHE IIOJIHBIX M
JIOCTOBEPHBIX CBEJICHHM O COCTOSHHH 3€Mellb, IMPUPOIHBIX OOBEKTOB, IMOCTPOECK,
KOMMYHHKAIIUH U JPYTHX 3JIEMEHTOB TOpOACKoW MHGpacTpykTyphl. ['eonesndeckue
CETHU SIBJISIIOTCSI UCXOJTHOW OCHOBOW HE TOJBKO KaJaCTPOBBIX, HO U BCEX TOmorpado-
re0JIe3NYECKUX, TTPOCKTHO-U3BICKATEIILCKUX U CTPOUTEIBHBIX pabOT HA TEPPUTOPUU
ropoaa. OT MX TOYHOCTM W IUIOTHOCTH HAIpPSAMYH 3aBUCUT Kauy€CTBO YKA3aHHBIX
pabot. CoBpeMeHHas Ce€Th ropojia He ClIOCOOHA PEUTh BCE ATH 3aJ1a4H.

Kpome Toro, 3HauuTeNnbHOE YHCIO TE€OJAE3MYECKUX IYHKTOB YTPAu€HO WIIH
HaxOJUTCS B HEMPUTOAHOM cocTosiHuU. HeoOxoamma MHBEHTapu3alus ceTu. Takxke
Ha3pesa oCTpasi HEOOXOAUMOCTh KOMILIEKCHON PEKOHCTPYKIIMH T€0/Ie3UYECKON CeTU
ropoga. PEKOHCTPYKIMS TOPOJICKON TeOJe3MUEeCKOM CETH B ITOM peruoHe Oyner
IIEPBBIM IIaroM K OOHOBJICHHIO T€OMHAMHYCCKON CETH TOpoa AIMaThI.

Joctup TpeOyeMoil TOYHOCTH M aBTOMAaTHU3UPOBATh PaOOTHI MO MOCTPOCHUIO
ATOM CETH TO3BOJSIET NPUMEHEHHE CIYTHUKOBBIX TEXHOJIOTMH TIpU €€
pekoHCTpyKIMU. [IpM 3TOM CHOyTHUKOBBIE CE€TH o0ecredyar eIuHYyI CHCTEMY
KOOPJAWHAT HA TEPPUTOPUH TOPOJIA, CBIKYT BCE OOBEKTHI B OTHO I€10€, YTO MO3BOJIUT
00beMHNUTh Tomorpado-reoae3ndeckue M Kaprorpaduyeckue JaHHBIE B €IUHYIO
reonHGOPMAIMOHHYIO CUCTEMY.

CoBpemeHHOE BBICOKO(P(PEKTUBHOE T€0e3MUeCKOe 00eCIIeYeHne MOHUTOPHUHTA
3eMeJIb B KPYHHBIX TOpOJAax OTKPBIBAET TMEPCHEKTUBY MPOTHO3UPOBAHUS



HEJIOMYCTUMBIX Jepopmariuii pa3IudHbIX 3TaHHUM, a TAKKE HA3€MHBIX U TOA3EMHBIX
MHKEHEPHBIX COOPYKEHHI, YTO MO3BOJISIET MPUHUMATh COOTBETCTBYIOIIUE MEPHI IO
NPEOTBPAILICHUIO pa3pylIeHUsT 3THX 00beKkTOB. [lo pesynpraTram CHYTHHUKOBBIX U
BBICOKOTOUYHBIX HUBEJIMPHBIX U3MEPEHUN HA MyHKTAaX T'€OAMHAMUYECKOW CETU MOMKET
OBbITb TMOCTPOEHA KapTa COBPEMEHHBIX JBHKCHHM 3E€MHOM MOBEPXHOCTU C
BBIJICJIEHUEM 30H C AHOMAJIBHO BBICOKUMU CKOPOCTSIMU JBH>KECHHUIA.

Jliist obecrieueHus HAJEKHOW CBSA3M YaCTh ITYHKTOB HOBOM CETH COBMEIAETCS C
IIYHKTAMU CYLIECTBYIOIINUX TI'€OAE3UYECKUX CETeH. B HOBOM CETHM KapKacOM MOKET
CIIYXXUTbh T€OJIMHAMUYECKAsl CETh, HEOOXOAMMas! JJIsl MOBBIIECHUS] TOYHOCTH. [[yHKTHBI
TakoW CETU MO BO3MOXKHOCTH JIOJKHBI COBMEIIATHCS C MYHKTaMH TOBTOPHOTO
HupenupoBanus | u |l kmaccos, Bxoasmumu B cocTtaB Manoro (AJMaTHHCKOIO)
r€OIMHAMUYECKOIO  TOJWIOHAa, MW  CTarTb  OCHOBOM IS  MOJAEPHU3ALUHU
reoJJuHaMu4eckoil cetu ropona. C 1eIbl0 BBISIBJICHUS AKTUBHOCTH OTJIEIBbHBIX
YYaCTKOB T€0JOTHYECKOM Cpefbl, BBIOpAHHBIE TYHKTHI CETU MPUBA3BIBAIOTCS K
Pa3JIMYHBIM CTPYKTYpHbIM 30HaM. IIpu 3TOM B CETh BKIJIKOYAETCS YAaCTh MYHKTOB,
JOCTATOYHO YNAJIEHHBIX OT 30H aKTUBHOTO TEXHOTEHHOTO BO3JECHCTBUSI HA CpENY.
Takolt momxom mMmo3BojsieT Oojiee OOBEKTUBHO OICHUTh 3HAYEHHS] BO3HUKAIOIIMX
nedopmanuii. KenarenbHO HECKOJIBKO IYHKTOB IMPHUBA3aTh K MEXKIYHAPOAHOU
CIIyTHUKOBOM CETU C IICJIbIO OMpEIeIeHHs] UX aOCOIIOTHBIX KOOpPJMHAT B CHUCTEME
WGS- 84.

MeyieHHbIE TEKTOHMYECKHUE JABMIKEHUS HA TEPPUTOPUM TOPOJAa MOTYT OBITh
BBISIBJICHBI B pe3ylbTare IMOBTOPHBIX H3MEPEHUNA Ha IMYHKTaX BBICOKOTOYHOM
CIIyTHUKOBOM ceTu. Bo3Hukaromme npu d>tomM jAedopmanuu OyayT OKa3bIBaTh
BIMSHUE HAa CTaOWJIBHOCTh OIOPHOM TIe0/Ie3NYECKO OCHOBBI, B CBSI3M C JTUM
BO3HUKAET HEOOXOAMMOCTD MEPUOANYECCKUX KOHTPOJIHHBIX HAOMIONCHUN Ha MyHKTaX
cetu. lIpu mpoBeneHUH TakUX WU3MEPEHUN CIEAYET OTIACHATh PEATbHYI0 BEJIUYUHY
CMEIIEHUSI OT OCTATOYHOTO BIUSHUSA CUCTEMAaTHYECKHUX OIIHUOOK.

B roponax, nmoaBep’eHHBIX CEUCMHUYECKON OMACHOCTH, & K TAKUM U OTHOCHUTCS
ropoi AJIMaThl, CO3/Ial0TCS TAK)Ke CETH 0a30BBIX CTAHIWU BIOJb OCHOBHBIX JIMHUN
pa3oMOB. YINpaBJIEHUE CEThI0O TaKUX 0a30BBIX CTAHIUN OOBIYHO BBITIONHIETCS C
€MHOTO BBIYHMCIHUTEIBHOTO IIEHTpa. BeIWYuHbI M CKOPOCTh H3MEHEHHS ITHX
KOOPJMHAT TMO3BOJISIOT OMPECIUTh U MPOAHAIM3UPOBATH CMEIIEHUS U AehopManuu
TOYEK pacroyiokeHusi 0a3oBbIX craHiuil. [lomoOHble ceTm Takke MOTYT OBITh
WCIIOIB30BaHbl JJIsI HAOMIONCHHUS 3a CMEIICHUSMH MPUPOIHBIX U HCKYCCTBEHHO
CO3/ITaHHBIX 0OBEKTOB, HAIPUMED, JICTHUKOB, OIOJI3HEH, IJIOTHUH, BHICOTHBIX 3/IaHUN U
IPYTUX COOPYKEHUH.

Takum 00pa3om, 3aaua PEKOHCTPYKIIUKU AJMATHHCKON TOPOJCKON CETH — 3TO
co3aHue Ha 0a3e CIYTHUKOBOM TEXHOJOTUM BBICOKOTOYHOM OIOPHOM ceTH,
OTIpENICIIAIONICH €IUHYI0 METPUKY ropoja W O0OECIeUMBAOIICH OCHOBY IS €€
JAJbHEUIIIETO CTYIIEHUS KaK CITyTHUKOBBIMU, TaK U TPAJUIIMOHHBIMUA METOAAMU.

B Anmarel KapKacHbIMM MYHKTAMH HOBOW CETH MOTYT CIY>KUTh IMYHKTBI YK€
CYLIECTBYIOLIEH JIMHENHO-YTII0OBOM ceTu 1 KJIacca AJIMaaTUHCKOTO
reOMHAMUYECKOTO  TIOJUTOHA, KOTOPHIE JIOJDKHBI  OBITH  OOCTEIOBaHBI  Ha
COXPAHHOCTb.
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B crarbe n3nararoTcss 0COOCHHOCTH BBIIOJIHCHHS MOHUTOPHHTA TEXHOTCHHOM
reoJMHaMUKH Ha MECTOPOKACHUAX C MHTCHCUBHBIM N3BJICUCHUCM YTJICBOJOPOIOB.
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FEATURES OF TECHNOGENIC GEODYNAMICS MONITORING IN REGIONS OF
INTENSIVE OIL AND GAS PRODUCTION
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Features of technogenic geodynamics monitoring at the intensive extraction hydrocarbons
deposits are considered.

Key words: geodynamic testing area, oil and gas pools boundaries, rock slabs, highly
dangerous industrial sites, precise gravimetric survey.

N3ydyeHue mpeaniecTBYIOMIEro OnbiTa U3y4YeHUsl MeOJUHAMUYECKHUX IMPOILIECCOB
Ha MECTOPOXKJIeHUIX yrieBoaopoaoB (YB) [1-8] mokazan cienyroiee:


mailto:v.seredovich@list.ru

1. OrmedaroTcsi CynepHHTCHCHBHBIC AehOpMaIMi 3€MHOW TOBEPXHOCTH 10
BepTuKan — 710 50-70 MM B rox (rmocie 10-20 neT 3KCITyaTaium ).

OHu MoryT OBITh KOpoTKonepuoandHbsiMu (0T 0.1 roga mo 2-3 ner), oOnaaarh
NyJbCAIIMOHHOM M 3HAKOIIEPEMEHHON HampaBieHHOCThI0. OHM, Kak IIpaBuUJIo,
CBA3aHbl B IJJAHOBOM TIOJIO)KCHHMH C 30HAMH pPas3JioOMOB B (YyHJIaMEHTE H
JTM3BIOHKTUBHBIX HAPYIICHUH B OCAJ0OUYHOM YeXJie, BKIII0Yast U MPOAYKTUBHYIO TOJIITY
U, ectectBeHHO, BUP.

2. Crnoxwuics TpaAWuIMOHHBIA TIOAXOJ K W3YUYCHUIO TEOJUHAMHUYECKUX
MPOLIECCOB HAa MecTOopoxkJeHusx YB [4,8] ¢ ucnoib30BaHMEM BbICOKOTOYHBIX
reo/Ie3NYECKUX METOJIOB: HUBEJIMPOBAHUS U KOOPJUHUPOBAHUS, WMHOTAA €Il U
IPaBUMETPUH.

Bwmecte ¢ Tem 0003HaYMINCh HOBBIE MTPOOIEMBI, KOTOPBIE TPEOYIOT pa3penieHus
B KQXKJIOM KOHKPETHOM CJIly4a€ B HECTaHJIAapTHON peanuzauuud. K HUM OTHOCATCS
CIIEIYIOLLHKE:

1. Beibop MecTa pa3MelleHUs] IyHKTOB OMOPHOM IJTAHOBOM H BBICOTHOM
CeTeil — HHOI/Ia HE CYIIECTBYET MECTO, IJie Obljaa Obl rapaHTUPOBaHA CTAOUIBHOCTh
UX TOJIO)KEHUSA, TaK KaK B paliOHaX COCPENOTOYEHHUs 3ajexer YB TpynHO HaWTu
YYaCTKH, HE BOBJICUEHHBIE B IIPOLIECC OCBOCHUSI MECTOPOXKICHHM, a TPAHUILIBI pa3zesia
JIMIIEH3UOHHBIX YYaCTKOB B ONPECIICHHOM CTEeTIEHH yCIOBHBI [9-11].

2. Bo wmHormx caywyasx (M HEM3BECTHO TJ€), HO OCOOCHHO B pailoHax
pPacrpoCTpaHEHNs] BEUHOW WJIM CE30HHOW MEP3JIOThI, COBEPLIEHHO HE TapaHTUPOBaHa
CTaOMJIBHOCTh BBICOTHOTO TIOJIO)KEHHUS] MYyHKTOB TIOCYJApCTBEHHON IUIAHOBOWM U
BBICOTHOW CETH, 3aJI0KCHHBIX, Kak mpaBuio, eme B 50-x — 70-x rogax Mporumioro
cronetust (puc. 1) . JlaHHble B Katajorax o KOOpAMHATax M, OCOOEHHO, O BBICOTaX
IIYHKTOB YaCTO CYIIECTBEHHO OTJIMYAIOTCS OT UX PEATBHOTO MOJIOKEHUs. Bo3HuKaeT
crenu(uUeckoe yCIoBHEe 0 HEOOXOIMMOCTH COMOCTABJICHUS PE3yJIbTaTOB HATYPHBIX
PEXKUMHBIX M3MEPEHHII B OTHOCUTEIBLHOM CpaBHEHHMH. [Ipu 3TOM camu HaTypHbIE
M3MEPEHUS IPUXOJIUTCS TPOU3BOJUTH B YCIOBHOM CHCTEME OTCUETa C 00pa30oBaHUEM
HE3aBUCUMOI OT aOCOIOTHOM MPUBS3KU BBICOT M TUIAHOBBIX KOOPJMHAT aBTOHOMHOMU
ceru [9-11].

3. Hcnonp3oBaHre BBICOKOTOUHON TPABUMETPUU B UHUCTO «2€00€3UUECKOM
MIPWIOKEHUU K UHTEPIIPETALMU €€ PE3YNIBTATOB (ONPENEICHUE Y€PE3 BO3MYILAOIIHIMA
IPaBUTAIIMOHHBIA TMOTEHIMANl WM3MEHEHUs YKIOHEHUsT OTBeca JUisl yuyera B
HUBEJIIMPOBAaHUM, AHOMAJIMA BBICOT — Ppa3HUIBl MEXAY HOPMAIbHBIMU H
reoJIe3MYeCKUMU BbIcOTaMu). B HacTosIiee BpemMsi 3T0 HE TOJIBKO aHaXpOHU3M, HO U
OeccMmbICliEHHass TpaTra CpeAcTB, TaK Kak B PABHUHHBIX pailOHax OCBOEHUs
MectopoxaeHuil YB 3To u He Tpedyercs nenath. [Ipu 3ToM peub uaer, no CymecTy,
HE O peaJIbHbIX I'€0IMHAMMYECKHUX Tpolieccax, a 00 M3MEHEHUH (IMHAMUKE) OOILEero
MHTETPaJIbHOTO [0 CyTH IPaBUTALMOHHOTO noJig 3emiid. K Tomy ke aHoManuu BbICOT
ceryac ONPENeNSIOTCA JOCTaTOYHO TOYHO KaK pPa3HOCTb MEXKAY BBICOTAMH U3
HUBEJIMPOBAHUS U CIIyTHUKOBBIX KOOPJIMHATHBIX onpeneneHuit [12].




Puc. 1. CocTosiHue 1IeHTpa TOCYTapCTBEHHON HUBETUPHOU CETH B YCIOBUSIX CEBEpa
3amannoit Cubupu

4. T'paBUMETpPHIO KakK OTHOCHUTEIBHO MAalo3aTpaTHBI  IreodU3nuecKuid,
BBICOKOPA3PEIIAIOIINA METOJ CJIEeAyeT HCIOJIb30BaTh COBMECTHO C PE3YJIbTaTaMH
HUBEJIMPOBAHUS HEMOCPEACTBEHHO JIJISl PELeHUs LEeIoro psaaa 3agady. K HuM MoxXHO
OTHECTH:

— VYTOuHEHHEe KOHTypa rpaHHuIl 3ayiexeil HeTu u rasa;

— DBrisgBienue, kapTupoBaHUE U YTOYHEHHE (COBMECTHO C CEeiiCMOpa3BEIKOi)
MIOJIOKEHUSI PA3IOMOB B (DyHAAMEHTE M JAU3bIOHKTUBHBIX HAPYLIEHUI B 0CAJI0YHOM
qexie;

— Hanpasnenue cmemienus 6;10koB B BUP;

— Onmnpenenenne yxe Mocie MepBOro LUKIA HAaTypHBIX U3MEPEHMH y4acTKOB
MOBBIIIIEHHOW TPOMBIIIIJICHHOHN onacHOCTH (puc. 3);

— KaprupoBanue mectononoxeHus: (IIOMIONOABOSIIETO KaHala KepjIoBOM
(danuu B pyHIaMEHTE;

— KoppekTtupoBaHue NON0KEHNS pPACUE€THBIX MHTEPIPETALMOHHBIX Mpoduieit
B Ipelenax IUIOIIAagud  TIeoJe3UYECKO-TPABUMETPUYECKOIO  MOHUTOPUHIA B
MOCJENYIOIUX [IUKIIaX;

— OrmnpeneneHne HMHTEPBAJIOB NPOAOHKUTEIIBHOCTH W YacTOThl NOBTOPEHUS
reo/1e3N4eCKO-TPABUMETPUYECKUX HATYPHBIX M3MEPEHUN C LEJIbl0 BBISBICHUS




KOPOTKOIIEPUOHBIX, B TOM YHCIE CE30HHBIX, BEPTUKAIBHBIX CMEIICHUA 3EMHOU
MOBEPXHOCTU MO PaCUYETHBIM NpouiisiM ¢ 0OOCHOBAaHMEM YaCTOTHI MOBTOPEHHBIX
M3MEPEHUN 10 BPEMEHU U BBIPAOOTKU PEKOMEHIAIMI IO CHUXKEHUIO MOCIEACTBUN UX
BO3JCHCTBHS Ha  HMHPpacTPyKTypy  MecTopoxaenuii  (puc.  4);Bripaborka
pEKOMEHJIalluii MO 00beMy, ACTAIBHOCTHM M YacTOThl HATypPHBIX HW3MEpPEHUN B
MOCETYIOIUX UKJIaxX re0/1e3MYECKO-TPAaBUMETPUUYECKOTO MOHUTOPHUHTA
TEXHOTEHHOW TeO/IMHAMUKU U TPENJIOKEHUN 10 CHWKEHHIO TOCJEICTBUI ee
BO3JCHCTBHSI HA YCTOMYMBOCTb MPOMBIIUIEHHOTO M TPa)XIaHCKOTO KOMIUIEKCA,
IIPUPOTHOM CPENBI.

— Onmnpenenenne o0beMa TEpPEMEIICHUS Macc B OCAJ0YHOM 4YeXJe M, Kak
CJIEZICTBHUE, OIICHKA €ro BO3JCHCTBHUS Ha YCTOMYMBOCTH 3€MHOM MOBEPXHOCTH (pHC.

4).

[IpuBeneM B CBSI3M € O3TUM peE3ylabTaTbl KAYECTBEHHOM WHTEPIPETALNU
M3MEHEHHUSI OTMETOK BBICOT PENEPOB HUBEIUPOBAHUS U 3HAYCHUM CUJIbI TSIKECTHU B 1 -
oM U 2-oM 1ukIax Ha Beiaramyposckom [/ mo omHOMY M3 pacueTHBIX MPOQHIICH.
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Puc. 2. Cxema TekToHnYECKHX AJIeMEHTOB (A) 1 KapTa nporuo3a Hedrerazonoctu (b)
110 AaHHBIM TpaBupasBenku Ha KOxuo-Nycckom yuactke (mo Kanenunkomy A.M.)
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Puc. 4. Pe3ynbrarsl cpaBHeHHs HaOMOnEeHU B 1 ¥ 2 UKIIaX IO pacueTHOMY
npoduiato Beiramyposckoro ['JITT

HauOonee 3HauMMble pe3ynbTaThl, Kak [0 HUBEIMPOBAaHUIO, TaK M IO
IpaBUMETPHUH TIONy4deHbI s 1-To pacuérHoro mpodwis. [Ipoduns ¢ rora Ha ceep
nepeceKacT 30HY IMOHWKCHHBIX 3HAYCHWH JIOKAJTBHBIX AHOMAJIUN CHIIBI TSKECTH,



MPUYPOUYEHHBIX B IUIAHE K TOJIIE MPOAYKTHUBHBIX TOPU30HTOB C 3aJIeKaMH
YIJIEBOJIOPOJHOTO ChIPbSl, C BBIXOJIOM B CEBEPHOM YACTH B 30HY IOJIOKUTEIBHOU
IPaBUTAIMOHHOW aHOMAJIMU, OTpaXKalolel rpaBUTALIMOHHBIN 3(pdeKT O6I0Ka TOPHBIX
MOPOJI MOBBIIIEHHOW TJIOTHOCTU. B mHTepBasie ot nyHnkra BJI14 no mynkra /1038 B
NEpPBOM IMKJIE W3MEpPEHUN ObUIM 3aKapTUPOBAHBI JU3bIOHKTUBHBIC HapYIIECHUS
CEBEPO-BOCTOYHOTO W CEBEPO-3allaJIHOTO  MPOCTUPAHUS C  IEPECEUCHUEM
IPEANOJIOKUATEIIFHO B PalOHE y4acTKa, paclojoKeHHOro 3anagHee myHkToB 1035 u
J1036 na paccrostnuu 0,7-0,9 kM.

Pa3HOCTP aHOMANBHOIO TPABUTALMOHHOIO IO, IO 3TOMY pPac4ETHOMY
npOo(UITI0 OTpaKaeT CYIIECTBEHHOE MEPEMEIICHUE MacC B T€OJIOTHYECKOM pa3pese ¢
€ro KpailHeil CeBepHOM 4acTH, B PailoH BBINIE YKa3aHHOTO y4acTKa JTU3bIOHKTUBHBIX
HapyIIeHUH, co3/1aBasi Cyry0o JIOKaJIbHBIM MakcUMyM BeauduHoi +0,23 mI'an (myHKT
BJI14). deduuut macc B nepuoa MExIy HMUKIAMUA CO3AaET OTpULIAaTeIbHBINA 3PHEKT C
MUHHUMAJIbHBIM 3Ha4eHueM, paBHbIM -0,18 mIan (myukrt [1043).

[Ipennonaraemoe nepeMeIeHrne Macc B T€0JIOTMYECKOM pa3pese, Mo-BUIUMOMY,
HallUI0O OTPaXEHHME M B CBOEOOPA3HBIX BEPTUKAIBHBIX CMEHICHUSX 3EMHOMU
MOBEPXHOCTH, 3a(DUKCHUPOBAHHBIX B OTIMYHMM PE3YJIbTATOB HHUBEIUPOBAHUSA 2-TO
LMKJa OT JIaHHBIX HUBEIUpOBaHUA B |-oM nukie. B yacTHOCTH, 3TO OTpaxkaercs
3HaKornepeMeHHbIM (£10MM) cMmelenreM myHKToB B uHTepBase oT J1036 k ceBepy 10
J1041. Bcnenm 3a »TuM HaOmomaeTcss BCE BO3pacTaroliee K Ty MOJHUMAaHUE
MOBEPXHOCTU penbeda MecTHOCTU A0 nyHkTa JI124, rne ero BeiauMuMHa COCTABUIIA
157 mm (0,157 M), a 3arem pe3ko cHwkawimieecs: B nyHkre JI25 (+117 mm), B
nyakrax J[135, c.p. 049, JI124, J122, JI21, JI18, JI17, coorBeTcTBeHHO -12, -15, -12, -9,
-8, -5, -4 mummumetpoB. [lanee k tory onsTh (GUKCHPYETCS TMOTHATHE MOBEPXHOCTH
nopsinka +20 mummetpoB (oT nyHkTa T18 no mynkra JI226 — npeanoioxuTensHo,
TaKk Kak B DJTOM WHTEpBaJic WM3MEPEHHUS Ha MPOMEXKYTOUHBIX IMyHKTaX He
MIPOU3BOJAUINCH).

Oco6o0 cienyer OTMETUTh, YTO B KaY€CTBE MyHKTOB I€OJMHAMUYECKON CETH B
npeaenax reoJJMHaMUYeCcKOTrO MOJIMTOHA PEKOMEHYETCSl 3aKpEIUIATh HA MECTHOCTH
HE TOJIbKO TPAAUIMOHHO 3aKJIaJbIBAEMBIE IIEHTPBI, HO U I[EHTPHI, 3aKPEIUISIEMbIE B
OCHOBAHMSX 3JaHUW W COOpPY)KEHUU, B (yHAaAMEHTaX MPOIYKTONPOBOJIOB W,
0COOEHHO, B OETOHHBIX OTOJIOBKAX JIMKBUIAMPOBAHHBIX CKBAKWH, CMEIICHUS TIO
BEPTUKAJU KOTOPBIX MO3BOJISAECT CYIUTh O CTENEHU MOABUKKU Bcero Oioka BUP no
DIyOWHBI 320051 CKBaXXHH (pHC. 5).

B Hacrosimee Bpemss I8 OUEHKM Te€OAMHAMUYECKOM  0e30MacHOCTH
MECTOPOXKJICHUI TPEOYIOTCS M UCIIOJIB3YIOTCS Pe3y/IbTaThl PadoT:

— JlucTaHUMOHHOTO 30HAUMpOBaHUs (MUHTEpdepoMeTpuueckas o00padboTka
PaIMOIOKAIITMOHHBIX KOCMHUYECKUX CHUMKOB);

— Teomunamuueckoro pailoHupoBaHus (IMMOCTPOCHUE OJIOYHON  MOJETH
MECTOPOXK/ICHUS, BBIJICJICHUE AKTUBHBIX PA3JIOMOB, TUHAMUYECKHU HANIPSAKEHHBIX 30H,
COCTaBJIEHUE KapT COBPEMEHHON I€OJMHAMUYECKON OOCTAHOBKH C BBIIEJIEHUEM 30H
reoIMHaMUYEeCKOTO PUCKA);

— AHanu3a reoyioro- reopu3M4ecKoi U reosoro-TeKTOHMYeCKo nHpopmamu
(OCHOBHBIX  T€0JOTO-NIPOMBICIOBBIX — IOKa3aresield, BpPEMEHHBIX CEHCMUYECKHUX
pa3pe3oB), BBIMNOJHEHUSI CTPYKTYPHO-TEKTOHUYECKUX TMOCTPOEHUN, COCTaBICHHUS



re0JI0T0-TEKTOHNYECKON MOJETN MECTOPOKICHUS; BBIMOTHEHHBIX paHee
re0JIe3NYECKUX UBMEPEHUN.

Puc. 5. ITyHKT reoquHaMU4€eCKOM CETH, 3aJI0)KEHHBIMA B OTOJIOBOK JIMKBUIUPOBAHHOU
CKBaXUHBI (A)- 00muii Bu, (b)- eHTp ¢ yCTpOHCTBOM JJIsi TPUHYAUTEIHEHOTO
[EHTPUPOBAHUS

Bce aTn pesynbrarhl crienyeT ydyuThIBaTh Hpu opranuzanuu pador na [JIIL
[IporpamMma paGoT Mpu 3TOM JOJIKHA MPEyCMaTpUBaTh ONTUMAIbHBIA 00bEM BUI0B
paboT Ha reoJUHAMHYECKOM MOJMIOHE (3aKylaJke ITyOMHHBIX PENepoB U IMYyHKTOB
I'PaBUMETPHHM, BBIIIOJHEHNS BBICOKOTOYHOTO HHBEJIMPOBAHUS, KOOPAMHUPOBAHMS U
IPaBUMETPUH).

AHanu3 BHIMOIHEHHBIX Pa00T Ha MECTOPOXKACHHUSIX Y B moka3an HeoOX0aUMOCTh
(mpy TpenBapUTEILHOM H3YyYECHUH HMMEIOIMMNXCA (PU3UKO-T€OIOTMYECKUX JIaHHbIX )
YVIPEKAAIIEr0 TPOBEICHUS BBICOKOTOYHOW T'PaBUMETPUUYECKOW CHEMKH Ha
tepputopun ['JIII (xenarenbHO MO TMPOQUISIM, COBMEIIEHHBIM C MarucTpaisiMu U
npoQMIsIMA  CEHCMOPA3BEIKN), PE3YAbTAThl KOTOPOW OOECIEYNBAIOT BBISBICHUC
OCOOCHHOCTEH €€ Te0JIOr0-TEeKTOHMYECKOTO CTPOEHUS, YTO IO3BOJISIET MPOU3BECTU
MPEABAPUTEIBHYIO JIOKATU3ALKNIO YYACTKOB MOBBIIIEHHOTO MPOMBIIILIEHHOTO PUCKA U
KOHKPETU3UPOBATh BHIOOP MECTa 3aKPEIUICHUS JTOJITOBPEMEHHBIX ITYHKTOB-PEINEPOB
BBICOKOTOUHBIX  T€OJE3MYECKMX  HATypHbIX  HM3MEpPEHU  (HUBEJIMPOBAHMUS,
KOOpAMHHUPOBaHUs). [Ipu 3TOM BakHOE 3HAYEHUE MPUOOPETAET eIie U ACTAIbHOE
M3y4YCHHE M CHUCTEMaTH3alusl JAaHHBIX O (PU3WYECKHX CBONCTBAX TOPHBIX MOPOI
re0JIOTHYECKOTO pa3pesa.

[TogoOHbIYi TOpsiIOK BhIMOJAHEHUsT pador Ha [JIII MOXET CyIiecTBEHHO
COKpaTUTh 3aTparbl Ha MPOBEACHUE HATYPHBIX TI€OAE3MYECKO-TPABUMETPUUYECKUX
HaOJIIOIEHUN B TIOCIEAYIOMIMX IHMKIAX, MPOU3BECTH OOBEMHOE MOJEIMPOBAHHE
00bEKTa, YTOYHUTH JabHEUIIYI0 CXEMy OpraHu3alMh Te€OAMHAMUYECKOTO




MOHUTOPHUHTA C TEIBI0 COKPAIICHUS CPOKOB MONYYCHUST HEOOXOMUMBIX JAHHBIX IS
OIICHKM ypOBHS T€OJMHAMHYECKOM ONAacHOCTM B  palioHax  pa3paboTKH
MECTOPOXKICHUN Y B.
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The paper presents the results of the investigations on the subject of “Geodesy, cartography
and planets and their satellites research” conducted by the research team of MIIGAiK due to the
grant of the Russian Federation Government according to Agreement # 11.G34.31.0021,
November 30, 2010.

B pamkax npoBeIeHHBIX MCCIIEIOBAHUIN BBITIOJHEH 3HAYUTENIbHBIN 00beM HUP:
o0paboTaHbl OTPOMHBIE MAaCCHUBBI JIaHHBIX W3 PA3IUYHBIX HHPOPMAIMOHHBIX
HMCTOYHHUKOB, B TOM YHUCJIE MEKIYHAPOJIHBIX MeXIIaHeTHbIX Muccuii KA «MEX»,
«LRO» («Lunar Reconnaissance Orbiter»), «Galileo», «Voyager-1, 2» u «Cassini».
IIpr 3TOM OCTUTHYTHI CIEAYIOIINE HOBBIE HAyYHBIE PE3YNIBTATBI, KOTOPBIE B PsJIC
CJIy4aeB OIEPEKAOT COBPEMEHHBINA YPOBEHb:

— IlpennoxxeHsl 1 NPUMEHEHBI HOBBIE METOJbI U3MEPEHUM ANNaPaTHO-LIEHTPHU-
YecKux mnoJiokeHui 1eHTpoB duryp Jleitmoca u doboca Ha PoHE OMOPHBIX 3BE3] C

UCIIOJIb30BaHHEM 00pabOTKHM acTpoMeTpudeckux HaOmonenuit ¢ 6opra KA «MARS
EXPRESS»;



— CdopmupoBaHbl HOBbIE YUCIIEHHBIE KaTaJOTH JAHHBIX [0 00OUM CITyTHHKaM
Mapca ®ob6oc u Jleiimoc, a TakKe BBITIOJIHEHA MPOBEpKa MojeieH UX OpOUTATIBLHBIX
JIBUKCHUM;

— Co3maHa HOBasg CeTh OMOPHBIX Touek moBepxHocTH doboca Mo AaHHBIM
«MARS EXPRESS», koTopast 10 TOYHOCTH U KOJUYECTBY M3MEPEHHUI MPEBOCXOIUT
3apyOeKHbIe aHaloru, obecreunBas Ooyiee TOYHOE MPEJCTaBICHHE O MOBEPXHOCTU
3TOro cnyTHUKa Mapca;

— Paspaborana HOBas MynabTH(pakTagbHas MOJENIb TPABUTALMOHHOTO OIS
nputsokenus Podoca;

— Ha ocHoBe opurvHanbHON MyIbTU(GPAKTAIBLHON MOJAEIN T'PAaBUTALIMOHHOTO
nofisi mputskeHnss Podoca BBHIMOIHEHO MOACTUPOBAHUE M PACCUUTAHbl 3HAYCHUS
MOTEHIMAJIOB OIS pUTskeHust Podoca;

— IlpencraBneHbl HOBBIE TEOPETUYECKHE IIOAXOIBI, HAa OCHOBE KOTOPBIX
pPacCUMTaHbl CWJIBI OCHOBHBIX KOMIIOHEHTOB PE3YJBTUPYIOLIErO TI'PABUTALMOHHOTO
nojist @oboca J1s pa3IUUHbIX TOYEK €r0 MOBEPXHOCTH;

— Brimonaena o0paboTka KOCMHUYECKUX CHUMKOB B Pa3JIMYHBIX CIIEKTPAJIbHBIX
nuanaszoHnax, noiaydeHHbIX kamepoii HRSC KA MEX, no KOoTopbIM CHHTE3UPOBAHBI
LBETHbIE M300pakeHUs1 moBepxHocTu PobOoca M MPOBENEH aHAIM3 CIEKTPaIbHbBIX
JAHHBIX C pacy€TOM MHAEKCOB U ITIOCTPOEHUEM COOTBETCTBYIOIIMX BUIOB KAPT;

— Paspaborana reomndopmanonsas cucreMa ['MC «®o6oc» U BBIOJIHEH
CPaBHUTENbHBIA TeOMOP(OJOTHUYECKU aHalmu3 C KapTrorpaupoBaHUEM Tpex
MIPEANOJIaraéMbIX MOCAJOYHBIX IUIOIIAI0K HAa cyTHUKE Mapca.

— BpimosiHeH aHanmu3 cucteM koopauHaT JIyHbI, TPUMEHSEMOMN JJIsI COBETCKON
IpOrpaMMBbl JIYHHBIX UCCIIECAOBAHUM, U aMEpUKaHCKUX cucteM koopauHat ME u PI,
oTpesieieHbl MapaMeTpbl nepexona JUisl TpeoOpa3oBaHUM pa3lIUYHBIMU CHCTEMaMU
KOOPJIMHAT, YTO TpeOyeTcs JUIsi MHTErPalliu Pe3yJIbTaTOB MOCaJ0K COBETCKUX MUCCUN
B COBPEMEHHYIO CUCTEMY KOOPJIMHAT;

— Brmmonneno wopenupoBanue ¢urypel cnytHuka FOmmrepa — Mo ¢
CO3JJAaHMEM HOBOW CETH OIIOPHBIX TOYEK, & TAKKE PACCMOTPEHBI BapHUaHTHI
anmnpoOKCUMALMK [00aNbHOM (UTYphl 3TOrO0 CIyTHUKAa C(Epor, HIIUIICOUIOM
BpAlllEHUs U TPEXOCHBIM AJLTUIICOMIOM, BBINOIHEHO KapTorpaduposanue Ho.

— Bremonneno monenupoBanue ¢urypsl cnytHuka CarypHa — DHienaaa c
CO31aHMEM HOBOHM CETH ONOPHBIX TOYEK, Ha OCHOBE KOTOPBIX CO3JaHbl HOBBIE
OopTOM300pakeHUsI CHOyTHUKA C (GopMuUpoBaHUEM (POTOKApThI HA OTICIbHbBIC
y4acTKHU DHIlENIaaa.

— Pazpaboranbl TeopeTMYECKHE€ OCHOBbI W PEKOMEHIALUMHU C  IEJIbIO
dbopMHpOBaHUsL pacHpeneIeHHOr0o MHGOPMALMOHHOTO XPaHWIMINA [JIaHETapHBIX
JAHHBIX, & TaK)Ke MH(PPACTPYKTYphl, HAMIPABICHHOW HA yiydlleHue 3(pPeKTuBHOCTU
paboThl M pa3BUTHE MPOrPAMMHO-TEXHHUUECKHX KOMIUIEKCOB, TEXHOJIOTUHA H
BBIYHMCIIUTEIBHBIX PECYPCOB.

O BBICOKOI HAayYHOW 3HAYMMOCTHU MMPOBOAUMBIX UCCIIEIOBAHUN CBUIETEIBCTBYET
TO, YTO PE3YABTATHI pA0OT YK€ HCIOIb3YIOTCS ITPU MOATOTOBKE HOBBIX MUCCHi, TAKUX
Kak Oynymuid poccuiickuii npoekT Jlyna-Immo6, nanpasnsemsiii k JlyHe B mouckax



BOZBI, WIM €BPONEHUCKUM NpoeKT Mapko-llono, mpoektupyemMbii s MOCAgKu M
3abopa rpyHTta ¢ ogHoro u3 acrepounoB ConmHeuHOH cuctembl. B cocraB 3TOrO
MEXAYHApPOJHOTO MPOEKTA BKIKOYEHBI HECKOJIBKO YJIEHOB HAyYHOI'O KOJIJICKTUBA.
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