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B snoxy rnmoOanpHbIX mepeMeH (opMUpYETCs U pa3BUBaeTCs MHGOPMAIMOHHOE
00111eCTBO, KOTOPOE Oa3UpyeTcsi Ha TaKOM KIIOYEBOM MHHOBAIMU, KaK rio0aibHas MH-
(bopMalIOHHO-KOMMYHHUKaIIMOHHAs: cucteMa. OCHOBOM 3TOM cHUCTEMbl SIBISICTCS WH-
dbopmanrionHas UH(PpacTpyKTypa TiI00aJbHOTO COLIMyMa, KOTOpas MPEACTaBISIET CO-
00l COBOKYMHOCTh MH(OPMAIIMOHHBIX KaHAJIOB, CETe cpell, TEXHOIOrui u uHpopma-
IIMOHHBIX PECYPCOB, MPOHU3BIBAIOIINX MHUPOBOE COlMabHOE MpocTpancTBo [1]. Tlpm
ATOM BCe MH(OpPMAIMOHHBIE MOTOKH JOJKHBI OBITh YHMOPSIOYEHBI U OTOOpaKEHBI Ha
KOHKPETHOM T'€ONPOCTPAHCTBE TEPPUTOPHUH, FOCYJAPCTBA, KOHTUHEHTA. COBpEMEHHBIE
MHUPOBBIE JIOCTHXKEHHUS HayK 0 3eMiie GopMUPYIOT mepel 001eCTBOM HOBBIE 3a7aun CH-
CTEMHOTO MPEACTABJICHHS 00 OKPY>KAIOIIEM HAC F€ONPOCTPAHCTBE U, HA 3TOM OCHOBE, —
CO3/IaHH€ WHTETPUPOBAHHON MH(POPMAIIMOHHO-KOMMYHUKAIIMOHHON CpeJibl, 0Oecreyu-
Balolell MOTPEOHOCTH TOCYJapCTBA B MPOCTPAHCTBEHHON MH(OPMALINHU, U JIEKTPOHHO-
ro TeoNpOCTPAHCTBA, KAK COCTABHOM YacTH TOCYAApCTBEHHBIX MporpamMm HMH(GOpMaTH-
3auK OOIIECTBAa U pa3BUTHs SKOHOMHUKHU [1]. Ha mepBeiil miaH BBIXOIST TEXHOJIOTUU
reonH(pOpMalMOHHOTO 00€CIIeYeHHs] YCTOWYUBOTO Pa3BUTHS TEPPUTOPUI U OOIIECTBA B
nesnoM. ['eonH@opmalioHHOEe 0OecrieueHue — 3TO HOBBIH, pa3BUBAIOIIMICS Ha OCHOBE
KOMIIBIOTEPHBIX U I'€OMH(OPMALMOHHBIX TEXHOJOTUI BUJ JEATEIBHOCTH MO YAOBJE-
TBOPEHUIO IKOHOMUYECKUX U OOIECTBEHHBIX MOTPEOHOCTEW B MHOTOACHEKTHOM MpO-
CTPaHCTBEHHOW MH(pOpPMALMU O TEPPUTOPHUSAX M UX MPOU3BOAHBIX MyTEM cOopa mpo-
CTPAHCTBEHHBIX JaHHBIX, (POPMHPOBaHUS reOMHPOpPMALINM, €€ UHTETpalluu B €IUHOE
reouH(OpMaMOHHOE MPOCTPAHCTBO, MOHUTOPUHIA, MOJECIMPOBAHUS TEPPUTOPHH,
MIPOCTPAHCTBEHHOI'O AaHAJIN3a, MOJATOTOBKM MPOCTPAHCTBEHHBIX PEIICHHM, BU3yalu3a-
uuu U pacnpoctpanenus [2]. CucremooOpasyroiieil 0CHOBOM TeoHMHGOPMAIMOHHOTO
oOecrieueHus sBisgeTcs reouHpopmanus. ['eonndpopmanus — 3T0 KOOPIAUHHUPOBAHHAS
MHpOpMaLKMsl O TEONPOCTPAHCTBE M €ro OOBEKTax B LUQPPOBOM KOMIIBIOTEPHO-
BOCIIpPUHUMAaEMoM (opme, mpeIHa3HaYeHHAsl B KAYECTBE UCXOAHOIO MaTepHralia Jisi MO-
JeTMPOBaHUsI T€OMPOCTPAHCTBA B UHTEPECAX KOHKPETHOTO MOTPEOUTENS, UCIIOJIb3YIOLIe-
ro 'MIC unu apyrue cuctembl 00padoTku [2]. OcHOBHOE CBOMCTBO reoMH(pOpPMAIIN —
IPOCTPAHCTBEHHOCTh. AHAJIU3 CYIIIHOCTH, COAECP/KAHUS U METOJOB MOJIyYEHUSI T€OUH-
(opMaLuy MOKa3bIBaeT, YTO €€ MPOCTPAHCTBEHHAs! COCTaBIIsIOLIas 0Opa3yercs C uc-
[I0JIb30BAHUEM TI'€0/Ie3NYECKUX TEXHOJIOTHM, a TeMAaTH4YecKas (CEMaHTHYECKas) — C HC-
M0JIb30BAHUEM TEXHOJIOTHI APYTHX OTpaciiei HapOJHOTO XO035HUCTBA. DTO MOATBEPKAACT
BBIBOJ] O TOM, YTO I'€0ie3MuecKoe MH(OPMALIMOHHOE O0ecIieYeHHE SBIISICTCS BaKHEHIIeH
CTPYKTYpOOOpa3yrolleld COCTABIIAIONIEH T€OMHPOPMALMOHHOTO 00ECIIEYeHHs] TEPPUTO-
puii. JIo CpaBHUTENBHO HEJJABHETO BPEMEHHU I'€0JIe3MUEeCcCKOe 00ecnieYeHue TeppUTOpuid
XapakTepU30BaloCh OTPACIEBON U KapTorpaduuecko cneunanusamuei. ['eonezunue-
CKasl OTpaciib Ha OCHOBE 3asBOK JAPYIHMX OTpaclieil co3JaBalia Te0Je3UYEeCKUe CETH U
Tonorpaduueckue KapThl U (POpMHpOBaJIa T€0JIe3UUeCKO-KapTorpaduueckue Teppu-
TOpUaJIbHBIE (POHJIBI, KOTOPBIE MCIOJIb30BAIUCH M'€OAE3MUYECKUMU CIY)O0aMu APYyrux
oTpacjeil B KA4ECTBE OCHOBBI I CO3JaHUsl CIEUUATN3UPOBAHHBIX T'€0JE3UUECKUX Ce-
Tell U TeMaTudyeckux rpapudeckux kapt. [locnennue ncnoap30BaIlch UCKIOYUTEIHHO
BHYTPH OTpaciiel JUisl NPOrHO3UPOBAHHUS, IPOEKTUPOBAHUS U CO3AAHMS T'€0AE3NYECKO-
KapTorpauueckux oTpacieBbiX (POHAOB. B cCOBpeMEHHBIX yCIOBUSIX MPOLECC Ie0Ie3H-
94eCKOro MHGOPMAITMOHHOTO 00ECTICYEeHHs 3aKIIIoYaeTcss B cOope, MOIydeHnH, peodpa-
30BaHUM W MHTETPAIMH T€OJIE3MUECKON COCTABIISIIOIIEH MPOCTPAHCTBEHHOM MHGpOpMa-
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LMW, MOJEIMPOBAHUN TEPPUTOPUU, NPOCTPAHCTBEHHOM aHAJIN3€, MOATOTOBKE MPO-
CTPAHCTBEHHBIX PELICHUN M0 (YHKIMOHUPOBAHHIO SKOHOMHUKHU M OOLIECTBAa WU Ipe-
0o0pa30BaHMIO TEPPUTOPUHU B MHTEPECAX YCTONUMBOIO Pa3BUTHS, a TAKXKE B IPETOCTAB-
JIEHUM Pe3yJIbTaTOB IO 3ampocaM MoJib3oBaresneil. CoBpeMEHHOE pa3HOOOpa3ue MeTo-
J0B TIOJNY4YEHHUs TeOMH(OpMallMM, Hajduyue OOJIBIIOr0 KOMIUIEKCa MPOrpaMMHbIX
CPEICTB Uisl 00pabOTKH, UHTEPIPETALNU, UHTETPALlMK Pa3IMYHbIX MHPOPMAIIMOHHBIX
PECYPCOB Ha €IMHOM T'€ONPOCTPAHCTBE, a TAK)KE Pa3HOOOpa3ue yNpaBIAIOLIUX IUIAT-
(opM MO3BOJISIOT PACHIMPATH BO3MOKHOCTH YIPABICHUS TEPPUTOPHUIMH Ha JIOKATHHOM
U r100anbHOM ypoBHAX. C OHOM CTOPOHBI, HAOIIOAAETCS WHHOBALIMOHHBIN TEXHOJIO-
TMYECKUI MPOrpecc, MO3BOJISIIONIMI CO3/1aBaTh N€ONPOCTPAHCTBEHHBIE MOJEIH JII0O00T0
dopMmaTa /U peleHus] MUPOKOro KOMILJIEKCA 3a7ad SKOHOMHKH, C JIPYTrOll CTOPOHBI,
aJIMMHUCTPATUBHBIN pecypc cyOobekToB Poccuiickoit denepannu HE TOTOB HCIOIb30-
BaTh MHHOBALIMOHHBIE TE€OMH(POPMAIIMOHHBIE TEXHOJIOTHH I YIIPaBICHUS TEPPUTOPHU-
amu. [Ipu 3TOM HaOmOnal0TCA OTAENIbHBIE MOMBITKH CO3/IaHUs MPU HUX CTPYKTYPHBIX
noJpa3AesieHuil, KOTOpPbIE MBITAIOTCS HEMPOPECCHOHANBHO JI€7aTh MOMBITKY 3aHUMATh-
Csl HE CBOMCTBEHHOM paboToil. MupoBasi mpakTuka 1oKa3blBaeT, YTO COBPEMEHHBIE Ieo-
MH(POPMAIIMOHHBIE TEXHOJOTMM YCIEUIHO HCHOJIb3YIOTCS JUIsl YNpPaBICHUS Ha BCEX
ypoBHsX. [Ipu 3TOM rocymapcTBo oOecrnednBaeT CUCTEMOOOPa3yIOLUUi MOAX0A K He-
IPEPBIBHOMY PAa3BUTHIO 3TOTO Ipolecca. B Mupe ycrnemHo cymecTByOT U pa3BUBAKOT-
Csl TPU KPYIIHBIX OOLIECTBEHHBIX MPO(ECCHOHATBHBIX OpraHu3anuu: MexayHapoaHast
denepauus reone3nuctoB, MexayHapoanas (enepauus (GoTorpaMMeTpucToB, Mexay-
HapoJiHasg KapTorpadpuyeckas accouuanus. B mocienHue roasl MosSBUINCH HOBBIE 00-
niectBa, Harpumep «Ludposas 3emis». Bee 3Ti opranuzanuu npoBoaaT OOJbIIYIO pa-
00Ty 1O MOMYJSAPU3alUU T€ONPOCTPAHCTBEHHON MH(pOpMAaIMK KaKk 0a30BOM COCTaBIIs-
IOILEH Pa3BUTHSI CTPAH U KOHTUHEHTOB.

B Poccun naOmronarorcst pparMeHThl 3TOW AESTENIbHOCTH Ha YPOBHE OTIEIbHBIX
KaMIlaHu# U GUpM, KOTOPbIE UCIOJIB3YIOT HHHOBAI[MOHHBIE TEXHOJIOTUU I'€0€3UYECKO-
ro uHGOPMAIIMOHHOTO O0ecriedeHus Il pa3BUTHsS cBoero ousHeca. MHTerpupytomei
pOJIM TOCYAApCTBA B CO3JAaHUM E€AWHBIX MPABHJI MOJYYEHHS] M HAKOIUIEHUS TEOIpO-
CTPaHCTBEHHBIX PECYpCOB HE HaOIIOAaeTcs, 3TO ABJSAETCS OOJBIIMM TOPMO30M B HX
HEeNpepbIBHOM 3(P(PEKTUBHOM HCIIOIb30BAHUM JUISl PA3BUTHS SKOHOMHUKH.

Ha Ham B3risi1, cBOEBpEMEHHO BBECTH MOHSATHE F€OMHIYCTPUH Kak cUCTeMooOpa-
3yIOLIEH AEsITeNbHOCTH, HANpaBJIEHHON Ha pa3paboTKy, M3TOTOBJICHHE COBPEMEHHBIX
CPEICTB MOJYYEHHs] T€ONpPOCTPAHCTBEHHON MH(MOpManuu; pa3padOTKy MpOrpaMMHBIX
KOMILJIEKCOB, HOPMATUBHBIX JOKYMEHTOB PAa3HOTO YpPOBHSI; TEXHOJOTWMH BBIMOIHEHUS
paboT U MHTErpaluy Pa3HOPOIHBIX HHPOPMALIMOHHBIX PECYPCOB; pa3paboTKy TpedoBa-
HUU K (DOPMHUPOBAHUIO TEOMPOCTPAHCTBEHHBIX MOJIEIIEH JIJISl PEIICHMS IIUPOKOTIO Kpyra
3a/1ay pa3BUTHUSA SKOHOMHUKH TOCYJIapCTB U OTHAEIBHBIX PETMOHOB; (HOPMUPOBAHUE €IH-
HBIX T'€ONPOCTPAHCTBEHHBIX PECYPCOB HA TEPPUTOPUU TOCYAAPCTB; MOATOTOBKY IPO-
(eccroHaNbHBIX KaJpOB HOBOT'O YPOBHS JJIsi CO3/IaHUSI CUCTEMBbI yIPABJICHUS TEPPUTO-
pUSMH Ha OCHOBE aKTyaJIbHBIX T€0IPOCTPAHCTBEHHBIX JTAHHBIX PA3HOIO YPOBHS; aHAIN3
PBIHKA IPOAYKIUU T€OMHIYCTPUH B MHUpe U Poccuum i onepaTMBHOIO pearupoBaHUs
Ha TEXHOJIOTUYECKUE TIEPEMEHBI U OTIEpaTUBHOE MIPUMEHEHHE TTI00aJIbHOTO pecypcea JUis
YVIOpaBJICHUS; pa3pabOTKy W BHEAPEHHUE CUCTeMbl MHHOBaIMOHHBIX WEB-cepBHCcOB 10
HCIIOJIb30BAaHUIO T€ONPOCTPAHCTBEHHBIX pecypcoB, a Takxke ['MMC-cucrem 1uist nHTErpa-
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MM ¥ MHOTOQYHKIIMOHATBHOTO TIpuMeHeHUsT «bonbimux manapix». Takoi moaxo mo3-
BOJIUT HABECTHU MOPSIIOK MO HAKOIUICHUIO U UCIIOJIB30BAHUIO T€ONPOCTPAHCTBEHHBIX Pe-
CYpCOB, HUCKJIIOUUTh AYOJIMPOBaHHE PaOOT U MOBBICUTH OTBETCTBEHHOCTh aMHUHUCTpA-
THUBHBIX PECYPCOB MO MPOGECCUOHATILHOMY YIIPABICHUIO TEPPUTOPHUSIMH, a TaK¥Ke CO-
37aTh UHHOBAIIMOHHBINA pecypc MJid YKpEIUICHUs TpaHull rocyjaapcrBa. Ha puc. nmpuse-
JieHa TeXHOJorhueckas cxemMa (hopMHUpPOBaHHUS IeONPOCTPAHCTBEHHBIX pecypcoB. COop
reonHoOpMalui MPOUCXOJUT C MPUMEHEHHEM Pa3HOOOpPa3HBIX METOJOB: HazeMHas
cheMKa, a’podOoTOChEMKa, HA3EMHOE JIa3epHOE CKaHUPOBAHHE, BO3AYIIHOE JIA3ePHOE
CKaHUPOBaHUE, MOOWJIBHOE JIa3epHOE CKAHUPOBAHHE, KOCMHUYECKash ChEMKa, Mallble
OeCIIIOTHBIC JIETATEIBHBIC aIlllapaThl, JUAAPHAS ChEMKa, CheMKa MOI3EMHBIX KOMMY-
Hukaui ¢ npumenenueM MIIK u np.

C03I[aHI/IC N BCACHUC KOOPAUMHATHO-BPEMEHHBIX CUCTEM

!

Co6op reounpopmanuu

A 4

COSI[aHI/IC Hu BCICHUC FCOI/IH(l)OpMaI_[I/IOHHOFO IIpOCTPaHCTBA

\ 4

I'eonnpopMalinoHHOE MOJEIUPOBAHHE

\ 4
I'eonndopmanronHoe kapTorpadupoBaHue

A 4

HpOCTpaHCTBeHHO'BpeMeHHOﬁ aHaJIN3 IPOCKTUPOBAHU A

\ 4

dopMHUpOBaHUE MOJENIEH T€ONPOCTPAHCTBA IS
peUIICHUS PA3JIMYHBIX 3a/Ja4 SKOHOMUKH Ha GI[HHOﬁ
IIPOCTPAHCTBEHHOW OCHOBE

A\ 4
I'eonesnueckoe nHpOpMaIIMOHHOE 00eCTIeueHNEe SKOHOMUKHI
u o01iecTBa

Puc. TexHonoruueckast cxema reoie3udeckoro HH(MpOpMaImoHHOT0 00eCTIeUeHUS
AKOHOMHKH U 00IIIECTBA

[Iupokuii CHEKTP MPUMEHSIEMBIX METOJIOB IPEAYCMATPUBAET COOTBETCTBYIOLIEH
MporpaMMHOe 00eCIedeHue, C TOMOIBI0 KOTOPOTO MPOUCXOAUT 00paboTka u Gopmu-
PYIOTCSl OJIOKH MTPOCTPAHCTBEHHOW MH(OPMAIIUU, KOTOpas B JATbHEUIIIEM MOXKET UHTE-
TPUPOBATHCS U UCIOIB30BATHCS [l PEUIEHUS IIUPOKOrO CHEKTPa 3a/1ad SKOHOMHKHU U
obmectBa Ha 6aze ' C-texnonoruit u WEB-cepBucos. B cBsi3u ¢ 3TUM BO3HHKAIOT HO-



BbIe TPeOOBaHUS K CIEIUATUCTaM B 00JIACTH T€OMHIYCTPHUH, KOTOPBIE Hapsay ¢ 0a3o-
BBIMU 3HaHUSIMU B 00JIACTH T'€ONPOCTPAHCTBA, IOJDKHBI 00J1a]aTh KOMIIETEHIIMSIMU aHa-
JTUTUKA, MEHeIKMeHTa, Mapketunra 1 WEB nporpammupoBanusi. Ha Ham B3risig 3To
MOXKHO pEa30BaTh Yepe3 HOBbIE MAaruCTEPCKHUE MPOTPaMMBbl, HAIICJICHHbIC HA MOATO-
TOBKY T€0aHAJIUTHKOB, F€OMEHEHIKepoB, reomapkerosioroB u WEB reonporpammu-
CTOB. BBIMYCKHUKN 3TUX MarucTepckux OynyT ciocOOHBI paboTaTh B YIPABICHYECKUX
CTPYKTypax pa3HOro YpoBHS U OyAyT CIOCOOCTBOBATH Pa3BUTHIO HOBOW SKOHOMHUKH
rocyJ1apcTBa, Kak OCHOBBI CTAOUIIBHOCTH U MPOIBETAHUS
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Ha ocHoBe aHaimn3a JesTeIbHOCTH aBTOPUTETHBIX HALMOHAJIBHBIX U MEKIYHApOJIHBIX Ipodec-
CHOHAJIbHBIX HEKOMMEPUECKUX OpraHM3alllil BbISBICHBI TEHIECHLUUHU B Pa3BUTHUHM F€OUHIYCTPUM U aK-
TyaJbHblE Hay4YHbIE HCCIIEI0BaHMsS B 00JaCTH Ie€ONPOCTPAHCTBEHHBIX HAYK, XapaKTEepHU3YIOLIHE CO-
BPEMEHHOE COCTOSIHME HAayKU U OTpaciu. BulsiBiIeHbI CyOBEKTUBHBIE MTPOOJIEMbI, BOSHUKAIOIINE B pe-
3ynbTaTe Je(UIMTa OTEeYECTBEHHBIX HENPAaBUTEIbCTBEHHBIX MPO(ECCHOHANBHBIX COOOIIECTB, MO3BO-
JISIOLUX 3HAUUTEIbHO YCWJIMTH POJIb U BIMSIHME POCCHMCKOIO HAYYHOI'O M MPOM3BOJCTBEHHOTO IO-
TeHIMaja reoorpaciu. HampaBieHus peleHus AaHHBIX MPoOJeM paccMaTpUBAIOTCS C MO3ULHMM CH-
CTEMHOW OpraHU3allMy M Pa3BUTHUS MPOPECCHOHATLHOTO HAIMOHAIBHOTO COOOIIECTBA YUEHBIX U MIPO-
M3BOJICTBEHHHUKOB.

KaroueBble ciioBa: TCHACHLIUN PA3BUTHUA, TCOUHAYCTPUA, IT'CONIPOCTPAHCTBCHHBIC HAYKHU, IIPO-
(bGCCI/IOHa.HI)HaH HCKOMMCPYECKas opraHnu3anus, reoac3us.

CREATION OF NATIONAL GEODETIC ASSOCIATION AS AN INDISPENSABLE
CONDITION OF INNOVATIVE DEVELOPMENT OF GEO-INDUSTRY

Alexander P. Karpik
Siberian State University of Geosystems and Technologies, 630108, Russia, Novosibirsk, 10 Plakhot-
nogo St., Professor, Dr.-Ing., Rector, tel. (383)343-25-34, e-mail: rektor@ssga.ru

Igor A. Musikhin
Siberian State University of Geosystems and Technologies, 630108, Russia, Novosibirsk, 10 Plakhot-
nogo St., Ed. D., Vice Rector for International Affairs, tel. (383)343-25-39, e-mail: igor_musihin@mail.ru

Based on the analysis of both international and national professional non-profit organizations,
trends in the development of geo-industry and advanced scientific research in the field of geospatial
sciences, characterizing the current state of science and industry, are revealed. Problems, resulting
from the lack of domestic non-governmental professional communities, allowing strengthening the
role and influence of the Russian scientific and production capacity of geo-industry, are shown. Possi-
ble solutions of the problems are considered from the position of organization and development of a
professional national community of scientists and production workers.

Key words: trends of development, geo-industry, geospatial sciences, professional non-profit
organization, geodesy.

B Hacrosimiee BpeMsl CyIIECTBYET OKOJIO JECATKAa MEXIYHApOJHBIX M TOpas3io
0oJIplIIEe KOJMYECTBO HALMOHAIBHBIX HEKOMMEPUECKHX HEroCyAapCTBEHHBIX Mpodec-
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CHOHAJIbHBIX COO0IECTB B 00nacTu Hayk o 3emiie. Llenpio Bcex aTHX opraHu3anuil sB-
nseTcs O0beNMHEHHE TpyNN €AMHOMBIIUICHHUKOB W Pa3BUTHE COTPYIHUYECTBA,
HarpaBiIeHHOro Ha 3¢ (EeKTUBHOE MPOJBUKEHHWE HOBBIX 3HAHWW M MHHOBAIIMOHHBIX
pa3paboToOK B MPUKIAIHYIO chepy npodhecCHuoHANbHOW NEATEeIbHOCTH CIECIHAIUCTOB,
npe/icTaBUTENIe HAYKU U TPOMBIIIUIEHHOCTH.

Haubonee npencraBUTENIbHBIMU U aBTOPUTETHBIMU MEXKTyHAPOIHBIMU OpraHU3a-
[USIMU, YJIEHAMU KOTOPBIX SIBISIOTCS KaK HAIIMOHAJbHBIE, TOCY/IapCTBEHHbIE, PETHUO-
HaJbHBIE COOOIIECTBA U UHCTUTYTHI, TAaK U OTJEJIbHBIC YaCTHBIE CTPYKTYphI U CIelHa-
JIUCTBI, TPU3HAHBIL:

—  FIG (Mexnmynaponnasi ¢enepanusi T€OJE3UCTOB) — camMas MHOTOYHCIICHHAsS
opranuzaiys, 00beUHIIONIas MPOPECCUOHATOB-TIPAKTHUKOB U YUEHBIX;

— ISPRS (MexnynapoaHoe oOIIecTBO (GoTOorpaMMETPUM M JUCTAHIIMOHHOIO
30HJIMPOBaHMS) — HEMPABUTEIbCTBEHHAS! OpraHU3allvs, WICHAMH KOTOPOW SIBIISIOTCS
yu€HbI€e, BbICIINE yUeOHbIE 3aBEICHUS U MPO(ecCHOHANIBI-IPAKTUKH;

— ICA (MexnaynapoaHnas kaprorpaduyeckasi acColualus) — TPEThsl MO YUCIICH-
HOCTH OpraHM3aIms, B KOTOPOH, Tak ke, kak ¥ B ISPRS, Bexyiyro pons urpaer Hayu-
HOE COOOIIIECTRO.

Peanuzauus ueneil AaHHBIX MEXKIYHAPOAHBIX COOOIIECTB OCYIIECTBIAETCS IO-
CpEICTBOM pabOThl KOMHCCHH, NEATEIBHOCTh KOTOPBIX CKOHIIEHTPHPOBAHA BOKPYT
HACYUIHBIX TEOPETHUYECKUX U MPAKTUYECKUX BOMPOCOB, MPEACTABIAIOLIUX OOMIMA MH-
Tepec Js CHEUUANINUCTOB: YYEHBIX M NPAaKTHUKOB. KOMHCCHMM KOHUEHTPUPYIOT CBOU
yCWIIUS Ha HauOoJiee BaXKHBIX JJIsi T€ONMPOCTPAHCTBEHHBIX HAyK HAINpPaBIEHUSX, alpo-
Oary ¥ BHEAPEHUH, TIOJIYYCHHBIX HA OCHOBE HOBBIX 3HAHUW, MHHOBAIMOHHBIX TEXHO-
JIOTUH, MPOTHO3MPOBAHUS MMOTEHIIMAIBHOTO Pa3BUTHS HayKH B OJimkailiieM Oyayiiem.
Kaxxnas xomuccusi omnpenensieT MPUOPUTETHbIE HAmpaBlieHUus B cepe cBoel OTBET-
CTBEHHOCTH, popMHUpyeT pabodre TpyMIbl, COCTOSIINE U3 CIEIMATUCTOB-TIPAKTUKOB H
YU€HBIX, 3aHMMAIOUIMECs COOpOM, aHAIM30M M OLEHKOW CYIIECTBYIOIIMX MpPOOJIEeM,
HMMEIOIINXCS PECYPCOB, 3HAHUHN 1 TEXHOJIOTUH.

B npouecce paboTsl Haa cTaThEN HaMU ObLIT MPOBEAEH aHAIMU3 JIEATEIbHOCTH BCEX
KOMHUCCHI U3 TIEPEUNCICHHBIX BBIIIE MEXKIYHAPOIHBIX OPTaHU3AINNA, YTO TIO3BOJIUIIO:

1) BeLIETUTh HaMOOJIee TEPCIECKTUBHBIC HAy4YHbIC HANpPAaBICHHUS B OO0JIACTH
reOoNpPOCTPAHCTBEHHBIX HAYK;

2) onpeeIuTh CTPaHbI-IMACPhI, AKTUBHO 3aHMMAIOIIUECS HAYYHBIMUA HCCIIEI0BA-
HUSIMUA B PaMKax BBIJICJICHHBIX HAyYHBIX HANpaBJICHUN, WTHHOBAIIMOHHBIX TEXHOJIOTHUH,
COBPEMEHHBIX CPEJCTB MPOrPAMMHOT0 00ECTIEUeHHS U CBSI3aHHBIX C HUMH MPUIIOKEHUN
B npodeccuoHaIbHON cdepe AesTeNbHOCTH CHEUaINCTOB-TIPAKTUKOB, MPEICTaBIsIO-
IUX pa3TuvHbIe 00JIACTH HAYYHBIX 3HAHUMH;

3) olleHUTh CUJIbHBIC M cladble cTOpoHbI Poccuiickoit Meaeparyu, chopmMyaupo-
BaTh HAMPABICHUS CTPATETUYECKOTO PA3BUTHS OTCUECTBEHHOW T€OMHAYCTPUH U HAYKH.

Cpa3zy oroBopumcs, 4To B JaHHOH CTaThe YaCTUYHO MPEICTABICHBI JaHHBIC, TOTY-
YeHHbIe U3 aHanu3a aearenbHocTh FIG, a oliire BBIBOABI ClenaHbl ¢ YYETOM aHaln3a
AESTEIbHOCTH BCEX TPEX MEXKTYHAPOIHBIX OpTraHU3aINi.

OCHOBHBIM yCJIOBHEM, 00€CIIEUUBAIOUIUM YCIIEX Pa0OThl KOMUCCH, SIBJIAETCS WH-
TErpaIys WHTEIIEKTyalbHbIX, MAaTEPUATBHBIX U MPOU3BOJCTBEHHBIX PECYPCOB MIPHUBIIE-
YEHHBIX CIIECLHUATNCTOB U MPEACTaBISIEMBbIX UMH OpPraHM3AIHid, 4TO JaéT KOMHUCCHSIM
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VHUKQJIBHYIO ~ BO3MOXHOCTh I OCymliecTBieHHS  d((PexkTuBHOW  HAy4dHO-
UCCJIeI0BATENHCKOM M BHEJIPEHUECKON paboThl, MpodhecCuOHAIBLHOTO POCTa U Pa3BUTHS
YJICHOB KOMHCCHI, MOTYYEHUSI HOBBIX 3HAHUM U TEXHOJIOTH.

Anamm3 onyb6nukoBaHHBIX FIG 3a 2012-2014 rr. HayuHbIX, 0030pHBIX U MPaKTH-
KO-OpPUEHTHPOBAHHBIX CTATCH B paMKax paOOThl KOMHCCUH M uX padouux rpymm [1-3]
MO3BOJIMJI BBIJICIUTh OCHOBHBIE HAMpaBIICHUS, MPEACTABISIIONIME B HACTOSIIEE BPEMs
HaWOOJIBIINI HAYYHBIM M MPAKTUYECKUN HHTEPEC.

1. THCC. TouHO€ MO3UIIMOHUPOBAHUE, TIPIIIOKEHUS, HHPpACTPYKTypa IPOCTpaH-
CTBEHHBIX JIaHHBIX, MyJIbTUCECHCOPHBIC CHCTEMBI.

2. UmxenepHas reojesus, MpoPeCCHOHATBHBIE CTAaHAAPTHI U NMPAKTUKH, HHCTPY-
MEHTBI 1 METOJTUKH.

3. 'eonesnyeckoe 00Opa3oBaHMEe, MEJArOTMYECKUE METOAUKH, IEpPENnoroTOBKa
KaJIpOB.

4. T'eofe3ndyeckrue METOIbl B U3yUYEHUN KIIMMATUYECKUX U3MEHEHUM.

5. 'maporpadus, mianupoBaHue, OKpyKaroias cpejia, yrpaBlieHue BOIHBIMU pe-
CypCaMH.

6. MonuTOpUHr AepopMalinii, Fe0JMHAMUKA.

/. BoinonHeHne reoe3nyeckux ChEMOK ¢ nmpuMeHenreMm bJIA u maHHbIX TuCTaH-
IIUOHHOTO 30HIUPOBAHUS.

8. CucrteMbl KOOpAMHAT.

9. AnroputMbl cO0pa 1 00pabOTKa T€OMPOCTPAHCTBEHHBIX JTAHHBIX.

10. Cuna TsKeCTH, TE€OU, OTPECIICHUE BBICOT.

11. Web-TUC, T'NC-anropuT™bl ¥ TEXHOJIOTHH, KapThl H HOBBIC TPCH/IBI B CO3/1a-
HUU KapTorpaduuecKor MPOTyKITHH.

12. JIazepHOe ckaHWpOBaHWE (TEXHOJOTHU W TpWIOKeHHs), 3D-MoaenmupoBanue,
JTMCTAHIIMOHHOE 30HAUPOBaHUE, co3/lanne UHPOpMaAIMOHHBIX Moenel (BIM).

13. 3D- u 4D-kagactp, pepopMbl, CHUCTEMbl, HTHHOBAIIUH, aJIMUHUCTPUPOBAHHUE,
HaJIOr000JI0KEHHE.

['paduueckoe mpeAcTaBiIeHHE 3HAYMMOCTU BBIJICJICHHBIX B pe3yJbTaTe aHaIHM3a
HAyYHBIX UHTEPECOB KOMUCCHUI B CpeJie¢ HAYYHOTO U MPOo(heCcCHOHATBLHOTO COOOIIECTB
MOKa3aHo Ha puc. 1.

AHanu3 cTtatel, mpeaCcTaBIeHHBIX Ha HAyYHO-TIPaKTHUYeCKuX Mmeporpustusiax FIG,
MO3BOJIHJI C(POPMUPOBATH CIIMCOK HAMOOJIee aKTyaJbHBIX HANpaBIICHUN Pa3BUTHUS I€0-
nesuu [4, 5].

1. Jlaneueiimee pa3sutue ['MC.

2. Passutne 'HCC u ux uHTETpanus.

3. Hlupokoe ucnonb3oBaHue B 00pabOTKE BO3ZMOKHOCTEH KpayJICOpCHUHTa U OT-
KPBITOTO IMPOTPAMMHOTO 00eCIIeUeHUSI.

4. 3HauyuTeNbHBIC U3MCHCHHS B TPAIUIIMOHHBIX IOJIX0/1aX, MPUMEHICMBIX B T€O-
ne3un (TeoIe3NIeCKOr ChEMKE), HAPaBJICHHBIEC HA TPUMEHEHNE MYJIBTUCEHCOPHBIX CH-
CTEM, JaHHBIX JUCTAHIIMOHHOTO 30HAMpoBanus, BJIA, obecnieuenust oOMeHa u obOpa-
OOTKM JaHHBIX B PEATLHOM PEKUME BPEMEHH MOCPEICTBOM COBPEMEHHBIX TEXHOJIOTUI
nepeaadn JaHHBIX.

5. ABTOMaTH3aIms nporeccoB 00padOTKHU JAHHBIX T€0AC3NYECKUX N3MEPEHUH.
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6. Pa3pabGoTka OOImIKX MOAXOIOB, METOAMK, TEXHUK U MPUTIOKEHUN B PEIICHUU
3aj71a4 KaJacTpa.

7. TlosiBneHME CHENMATM3UPOBAHHBIX IICHTPOB TEPEIOATOTOBKU KaapOB, OpPHUCH-
Tanys Ha 00y4YeHUE B TEUCHUE BCEH KHU3HM.
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35,0 ~
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25,0 -

20,0 -

15,0 -

10,0 -

55% 5,4%

49%  4,1%

50 A 2,5%  1,8% 1,6%  1,4%

0,0 -

13 1 2 12 5 11 3 9 6 8 4 10 7

Howmep nanpasienus

Puc. 1. Yactora myOGnukaiuii mo TeMaTUKE BBIACICHHBIX HAMPABICHUN B MaTepraiax
FIG 32 2012-2014 rr.

brnaromapst moiay4eHHBIM JaHHBIM CTaJIO0 BO3MOKHBIM BBIJICIIHTH CTPAHBI, B KOTO-
pBIX BENETCS aKTUBHAs Hay4yHas paboTa B pEIICHUH HamOOJee aKTyalbHBIX MPoOieM
TeONpPOCTPAHCBEHHBIX HAYK U TeourHaycTpuu. Ha puc. 2 mpeacrasiena neppas aecsTka
HaubOonee akTuBHBIX cTpaH (aHanu3 FIG, ISPRS u ICA), npeacraButenn KOTOPBIX
onybnukoBaiau B 2009-2014 rr. HanboJbIee KOJIMYECTBO HAYYHBIX CTATeH U JIOKJIAI0B
[1-3, 6-29].

N3 puc. 2 BunHo, yto I'epmanust u Kurtail SBIAIOTCA HEOCHOPUMBIMU MUPOBBIMU
TUAEpaMH, BBITIOJHSIONIMMH HAWOOJbIIEe KOJUYECTBO HAYYHBIX HCCIECIOBAHUA U
MPAKTUYECKUX IKCIIEPUMEHTOB B 00JaCTH TCOMHIYCTPHH, TCOMPOCTPAHCTBEHHBIX HAYK
1 TeXHOJIOTHH. B0 Bcex MEXITyHapOIHBIX OPTaHU3AIUSAX OHHM BXOJAT B TIEPBYIO MATEP-
Ky Han0oJiee aKTUBHBIX CTPAH.

OpnuM u3 (HakTOpOB, BIAUSIOIIMX HAa YCHEUIHOCTh M 3((PEKTUBHOCTH pabOTHI KO-
MHUCCHI, MOKHO Ha3BaTh TO, YTO UX YJICHBI YK€ OpPraHW30BaHBI M BOBJICUCHHI B aKTHB-
HYI0 WHHOBAIIMOHHYIO JCATEIHHOCTh B CBOMX HAIMOHAIBHBIX MPO(ecCHOHATBHBIX (he-
JIepaIusiX, accoruanusax win odmiectsax. [Ipu ucmnonap3oBanuu mogo0HBIX (Hopm B3au-
MOJCHCTBUSL YUEHBIX, CHICIIUATMCTOB-TIPAKTUKOB U TPEICTABUTENEH MPOMBIITUICHHOCTH
CTAaHOBUTCS BO3MOXXHBIM OCYIIIECTBJISATh TpaHC(Ep HOBBIX 3HAHUN HE TOJILKO B TOPHU-
30HTAJIBHOM IJIOCKOCTHU (Ha MPOU3BOJACTBE, B pernone, B HUUM u T. 1.), HO 1 110 BepTH-
Kanu (mapTHEPCKUE OPraHU3allid B CTpaHe U 32 pyOekoM). DTO MPOUCXOIUT Oaroaaps
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MOCTOSIHHO PACIIUPSIIOMIMMCS CETSAM, (OPMUPYIOUIMMCS B HallMOHAJIBHBIX HEKOMME]-
YeCKUX MPOo(ecCHOHATbHBIX OpraHU3aIHsIX.
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Puc. 2. IlepBas necsitka CTpaH MUpa, BEAYIINX HaHOOIbIIIee KOJIUYECTBO
HAy4YHO-UCCJIEI0BATENBCKUX PadOT B 00JACTH I€ONPOCTPAHCTBEHHBIX HAYK
u reounayctpuu (51,5 %)

[IponeHTHI

FepmaHua
Kutai
dpaHuma
cuw
ABscTpanua
Utanua
KaHapga
Typuma
LLseluapusa

HupepnaHapl

B of0miem peliTuHre ctpaH, Urparolux HamOoJiee 3HAYMMYIO POJIb B HAYYHOM H
TEXHUYECKOM IIporpecce B 00JaCTH reonpoCTPaHCTBEHHONW HAYKW M TeouaycTpuu, Poc-
cutickas ®enepanus geaut ¢ Anonuent 11-12-e mecra. Ponps Poccuiickoit deneparun
Hanbosnee 3ametHa jumb B ICA, rae ona 3anmmaer 6-¢ Mecto (u3 60). B peiitunre
HanOoJiee akTUBHBIX cTpaH, wieHoB FIG, Poccus nemut 21-23-¢ mecra (u3 95) ¢ Kenu-
eit u llIBeitmapueii, a B ISPRS — 25-34-¢ mecta (13 50) ¢ AEBATHIO APYTUMHU CTpaHAMHU.

Takum oOpa3oM, Ha OCHOBaHUH aHAN3a ACATEIHPHOCTH MEKIYHAPOIHBIX TIpodec-
CHOHAJILHBIX OpPTraHU3allMil MOXKHO cienaTh BbIBOM, uTo Poccuiickoit denepanuu HEOO-
XOJIMMO YCUJIMTH CBOE MPUCYTCTBUE B TAaKUX MPOPECCHOHATBHBIX MEXTYHAPOIHBIX OP-
ranu3anusx, kak ISPRS u FIG, 4uto 3HaunTEeNHO pacimpyT BO3MOKHOCTH MTPOQECCHO-
HaJBHOTO cooOImIecTBa (YUEHBIX M TPOU3BOJICTBEHHUKOB) B peaU3alliil COBMECTHBIX
Hay4YHBIX IMPOEKTOB M OOMEHE MHHOBAIIMOHHBIM OITBITOM.

Tot ¢akr, 4T0 B MEXKIyHAPOIHBIX MPOGECCHOHATBHBIX OPTAaHU3AIMIX «IIEPBOU
CKPHITKOI» SIBIIIOTCS MPEICTaBUTEIN UMEHHO TE€X CTpaH, IJie HATAKEHO JICHCTBEHHOE
COTPYJHHYECTBO CIEIHAIUCTOB MNPO(EeCCHOHATBHBIX HAIMOHAIBHBIX OOBEIMHEHUH,
yKa3bIBaeT Ha To, 4To Poccuiickoii denepariyn HEOOXOIUMO TPEANPUHATH PEIIUTEI b-
HbIE Imard B (GOPMUPOBAHUHU JICHCTBEHHBIX HAIMOHAIBHBIX MPO(GECCHOHAIBHBIX acCco-

[UAIN1/0011IeCTB B 00JIaCTH T€01e31H, (POTOrpaMMeTprn U TUCTAHITMOHHOTO 30HIUPO-
BaHMUS.
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[IpuHuMas BO BHUMaHUE, YTO TOMBITKA CO3JaHUS TTOTO0HBIX MPO(EeCCHOHATBHBIX
OpraHu3aluil NpeAnpUHUMAIach HEOJHOKPATHO, U TO, YTO OHU HE OCTaBWUJIM CKOJIb-
HUOY/Ib 3aMETHOTO CJIe/Ia CBOCH JEsTENbHOCTU B IPO(ecCHOHaTLHOM COOOIIECTBE, HAM
KQKETCSl ONPaBJAaHHBIM MPEIJIOKEHUE CO3/1aTh HAMOHAIBHYIO T'€OJIE3UYECKYIO acco-
UALMI0 Ha TUIOLIAJKE, KOTOpas YK€ MpOoIla UCHbITAHUE BPEMEHEM, J10Ka3ajla CBOIO
3¢ (PEKTUBHOCT, U UMEET XOpOIlKEe MEePCHEKTUBBl pa3BUTHS B OyaymieM. Takoi mio-
MIaJKOM MOTJU OBl CTaTh €XKEroJHBIM MEXIYHAapOJIHbIH KOHrpecc W BbicTaBka «MH-
tepakcno ['EO-Cubups» B ropoge HoBocubupcke.

B 2015 r. koHrpecc 1 BeICTaBKa OyayT MPOBOJUTHCA YXKE B OJUHHAAIATHIA pa3. 3a
MPOIIEAIINE TOJbI B X0/I€ HAYYHOT0 KOHIPECca HEOTHOKPATHO MPOXOAUIIO OOCYKICHHE
aKTyaJIbHBIX BOIPOCOB COBPEMEHHOTO COCTOSIHUSA W JaJbHEHIIEro pa3BUTUS HAYK O
3emiie U reooTpacau. B Tabn. 1 mpencraBiieHa TeMaTHKa pacCMaTpUBAEMbBIX Ha KOH-
rpecce BOMNPOCOB U KOJUYECTBO OMYOJMKOBAHHBIX HAy4YHBIX MAaTepHajioB 3a
2005-2014 rr., a puc. 3 1eMOHCTPUPYET TUHAMUKY aKTUBHOCTU YYACTHUKOB HAyYHOTO
koHrpecca. Tak, 3a 10 jeT B cOOpHUKaxX KOHTpecca ObLIO OImyOIMKOBaHO 5 569 crartei,
npeacTtaBieHHbix 11 103 aBTopamu.

B noruke u3noxeHHOTO HaMU COPMUPOBAHBI MPEIIOKEHUS IO CO3/IaHUI0 HAIlH-
oHabHOM reoae3nyeckort acconmanuu (HI'A P®D, Acconumarnms), KOHIEHIUS KOTOPOH
NPEACTaBICHA HUXKE.
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Tabnuya 1

TemaTuka HayqHBIX KOH(MEpPEHIIUN MEXTYyHApOIHOTO KoHrpecca U BbhicTaBk «MHTepakeno ['EO-Cubupby,

KOJIMYECTBO ONMyOJIMKOBAHHBIX HAYYHBIX cTaTei v aBTOpoB 3a 2005-2014 rr.

2005r. | 2006r. | 2007r. | 2008 r. | 2009 r. | 2010r. | 2011r. | 2012r. | 2013 r. | 2014r.
TemaTnka HayqHBIX KOHQEPEHINH KOHIpecca crarteu craTeit craTei craTei cTaTteu cTaTteu crareit crareit cTarei cTarei
aBTOPOB | aBTOPOB | aBTOPOB | aBTOPOB | aBTOPOB | aBTOPOB | aBTOPOB | aBTOPOB | aBTOPOB | aBTOPOB
5;1‘:;‘63“"’ kaprorpadus, MapKICHACPHA, FCOMHPOPMAT 154 515 | 106 221 | 128 239 | 112 211 | 129 236 | 145 295 | 105 236 12%‘:3 135 257 | 132 281
[eomnorus, reohU3nKa, re0JHHAMUKA H TeOMEXaHHKa 35
89
DxoHOMHYecKoe pa3Butue CubupH 1 JJaipHero BOCTOKa. 119 128
[Tpupoomnoap30BaHue, 3eMIICYCTPOICTBO, Jecoyctpoii- 100 203 294 120 210 | 117 194 | 108 170 | 123 203 | 108 176 | 126 180 | 136 210 210
CTBO, yIIpaBJeHUE HEBIKUMOCTBIO, KaJIaCTPhI
IMOHUTOPHHI OKPYKaIOLIEH CpeAbl, T'€O3KOJOrus, IH-
CTaHIIMOHHBIE METOBI 30HIUpPOBaHHS 3eMid U (HOTO- 63 93 80 82 84 7 /1 6 6 8
122 199 159 171 191 161 140 157 167 189
rpaMMeTpust
Crieriuau3upoBaHHOE TPUOOPOCTPOCHUE, METPOJIOTHS, 53 73 111 76 98 92 96 95
rer1o(U3NKa, MUKPOTEXHUKA, HAHOTEXHOJIOTUH 128 174 270 190 231 200 262 229
MccnenoBanust M0 OONIETEXHUYSCKHUM U T'YMaHHTAPHBIM 59 61 92
mpoOemam. 83 83 113
Henponons3oBanue. I'opHoe aeno. HoBble HanpaBiieHus]
M TEXHOJIOTHH IOUCKA, Pa3BeIKH U Pa3pabOTKH MECTO- 14150 15557 15461 3145 17515 177% 28166 ;‘éi ;gg
[POXKACHHMI OJIC3HBIX HCKONIAEMBIX
ConmanbHO-TyMaHUTapHbIE Tporiecchl CHOMPCKOro pe- 52 57
FHOHA 60 73
['eonpocTpaHCTBO B COLMAIbHOM JUCKypCe: MpOILIOE, 61 83 82 67
HacTosIee, Oyaymee 79 117 115 132
MuTepakcio [EO-Cubups. EBpoma. «MeToasl aucTaH-
LnoHHOTO 30HAMpoBaHus U ' MC-TeXHONOTHuU ISl OLIEH- 12
K COCTOSTHMSI OKpPY’)KaromleW cpenbl, WHBEHTapU3alHH 21
BeMenb U 00bEKTOB HEABIKUMOCTID)
PanHee npenynpex/eHne U yIpaBieHHe B KPU3HUCHBIX U
Mpe3BBIYAHHBIX CHTYAIMAX: MpeINpUHAMAEMbIe IIAru U 19 38
MX peanM3alisi C TOMOIIBI Kaprorpaduu, reonHpop- 40 98
Manuu, GPS 1 TUCTaHIIMOHHOTO 30HIUPOBAHUS
Cu60OnTrka 114 99
295 235
434 517 586 443 535 565 515 600 693
Beero 840 | 1011 | 1148 | 907 | 1033 | 1087 | 1072 | 1184 | 1389 |6°01432




HI'A PO (manee — Acconmanusi) HanpoHaabHas MTPoQecCHOHATbHAS OpPTaHU3a-
1I1s1, BO3MOXKHO Npu  (denepanbHoM oprane Poccuiickoit denepariuu, MNpeIcTaBiis-
IO1[asi UHTEPEChl OTEYECTBEHHBIX CHEIMAINCTOB B 00J1aCTH reoie3un B Poccuu u un-
Tepechl Poccutickoit denepanuu 3a pyoexoMm.
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Puc. 3. KoinuecTBo y4aCTHUKOB MEKIyHApOJHOTO KOHTpecca
«Hutepakcno 'EO-Cubups» 3a 2005-2014 rr.

Acconuanusi urpaet poJib HAMOHAIIBHON TUCKYCCUOHHOM TUIONIAJKH, HA KOTO-
poil 00CykAar0Tcs COBpEMEHHbIE MpodecCHOHaIbHbIE MPOOIEMBbL, (HOPMYITUPYIOTCS
3a/1a4u pa3padOTKU, Pa3BUTHS U BHEJIPEHUS MHHOBALIMOHHBIX TEXHOJIOTUN B 001aCTH
reone3nn. OIHOW W3 1eNe ACCOLMALNY SIBISIETCS PACIPOCTPAHEHUE COBPEMEHHBIX
po¢deCCUOHANIBHBIX 3HAHUH, BHEJIPEHHUE TEXHOJIOTUYECKUX CTaHAApTOB anmnapaTHOM
YacTH ¥ MPOTPAMMHOT0 00€CTICUeHUS.

JlocTikeHre 3TUX LeJIel MOXKET ObITh 00€CIIeueHo 3a CUET MUPOKOTO BOBIICYE-
Hug B pabotry HI'A P® npusHaHHBIX CHENUATUCTOB, MPEACTABISIIONIUX KaK MOKHO
6onpiie peruoHoB Poccuiickoit @enepammu. [Ipodeccunonansaoe coodbmectso HI'A
P® chopmupoBano U3 mpeACTaBUTENICH HAYKH, CIEIHAIUCTOB-TIPAKTUKOB, paboTa-
IOIIMX KaK Ha TOCYJapCTBEHHOM YPOBHE, TaK U B YACTHOM CEKTOPE; MPEICTaBUTENEI
BBICIICH IIKOJBI, MPOU3BOAMUTENCH 000pYyIOBaHUsA, MPUOOPOB M MPOTPAMMHOTO
o0ecreyeHusl.

Unenamu HI'A P® moryT craTs:

— HalMOHAJbHBIE ACCOLMALIUU, MIPEACTABIISIIONINE OJHO WK OoJiee HaIpaBiie-
HUe NMpodheCcCUOHATBHBIX HHTEPECOB ACCOITUAIINN;

— pEervoHajbHbIE aCCOLMAILINY WIIH OPraHU3AINU T'€0/Ie3UCTOB;

— OpraHu3aluu, YUYpEKJICHHUS WM areHTCTBA, OKA3bIBAIOIIME KOMMEPUYECKUE
YCIIYTH, CBSI3aHHBIE C Ipo(eccueil reone3ncra;
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— OpraHu3aIuy, YYPeKICHUS WIM areHTCTBA, BOBIICYEHHBIE B 0Opa3OBaHUE
WIM UCCJIEAOBAHMS M0 OAHOMY WM OoJjiee mpodeccuoHallbHbIX HampaieHuit HI'A
P®D;

— OTAeNbHbIE TIpodeccuoHabl/ydéHble B PETMOHAX, T€ HE CYIIECTBYET acCo-
AN Wik TpodheCCUOHATBHBIX T€OE3NUECKIX OpTaHU3aAIHN.

OcHoBHBIMU HanpaBieHUIMU eaTeabHocTd HI'A PO aBnstrores:

— CTUMYJIMPOBAHUE CO3/IaHMS HAIlMOHAJIbHBIX WM PETHOHANIBHBIX T'€0JIe3UuYe-
CKHX OOIIECTB/aCCOIMAINMN;

— MHUIMHMPOBAHUE U KOOPAMHAIUS MCCIEAOBATEIIbCKON NESITEIbHOCTH B I€0-
JI€3UH;

— MOPOBEACHUE PETYISPHBIX PErHOHATBHBIX CUMIIO3UYMOB M KOHTPECCOB;

— BCEMHPHOE PacHpoCTpaHCHUE MATEPUATIOB HAYUHBIX JUCKYCCUU U PE3YIib-
TAaTOB HAYYHBIX MCCJIEIOBAHUN MOCPEACTBOM HMX OMYyOJMKOBAHMS B OTKPBITOM KYp-
Haie Accouuanuu «Earth Measurementy;

— MOOIIpeHne MyOIUIIMCTUYECKON AeATEIbHOCTH, 0OMEHA HAYYHBIMH CTAThs-
MU U KypHaJIaMH, CTICIIMATIM3UPYIOMIMMUCS Ha OCBEIIEHUU HH(OPMAIIHU O Te€0/Ie3UH.

Pa6ora no peanuzanuu neneit HI'A P® pomkHa ObITh OpraHM30BaHa MOCPE/-
CTBOM €€ KOMHCCHUM, OTBEUAIOIINUX 32 HanbOoJiee BayKHbIC HANIPABIICHUS HAYyYHBIX HC-
CJIEIOBAaHUI U MPOTHO3UPOBAHUE CLICHAPUEB Pa3BUTHUS I'eOJIe3UM B OnrpkaiiiieM Oy-
TYILLEM.

Kaxnas komuccus onpenenser NIpuopuTeTHbIC HaIpaBlieHUs B cepe CBOEH OT-
BETCTBEHHOCTH, (OPMUPYET paboure TPYIIibl, COCTOSIIME U3 YUEHBIX U CHEIUATH-
CTOB-TIPAKTUKOB, 3aHUMAIOIIUECSs COOpOM, aHAJIM30M U OIEHKOW CYIIECTBYIOIIMX
po0sIeM, UMEIOIITNXCS PECYPCOB, 3HAHUM U TEXHOJIOTHM.

Ncxons n3 aHanmza nepcreKTUBHBIX HAYYHBIX HAIIPABICHUN U UX aKTyaJIbHOCTH
s Poceutickoit denepanuu, Mbl NpejjiaracM, Kak OJIMH U3 BapUaHTOB, CPOPMHPO-
BaTh CJICIYIOIINE KOMUCCHU ACCOIUALINHN:

— Kowmucceus 1 — mnpodeccuonanbHas IeATeNbHOCTh (MpodeccuoHaNbHAs
MpaKTUKa, IOPUIAYECKUE aCMEeKThl U OpPraHU3aIlMOHHBIE CTPYKTYpPBI; CTaHAApTHl U
ceptudukanus; mpodieMbl HEAOCTATOUYHOTO MPEICTABUTEILCTBA TPyII npodeccuo-
HaJIbHBIX T'€0JIE3UCTOB; MOMOIIb CTYJEHTaM U HaYWHAIOIIUM T'€0JIe3UCTaM; yIpaBJie-
HUE€ HUHPOPMAIMOHHBIMU TEXHOJIOTHUSIMH U TMPO(ECCUOHAIBHON JIeSITEIbHOCTHIO;
YIPABJICHUE MPOEKTAMH);

—  Komuccus 2 — npodeccronanbHoe o0pa3zoBanue (pa3padoTka y4eOHBIX MPO-
rpaMMm 00pa3oBaTEIbHBIX OpraHU3allNii; BHEJAPEHNE WHHOBAIIMOHHBIX 00yYaronux u
NeJaroruueckux TeXHOJIOTHIA, 00pa30BaTEIbHBIA MEHEKMEHT U MapKETUHT; CO3/1a-
HUE YCJIOBHH sl TPO(PECCHOHATIEHOTO Pa3BUTHS CICIIUAIUCTOB; (OpMHUPOBAHUE 00-
pa3oBaTeNbHbIX CeTEM);

— KomMmuccus 3 — ympaBiieHHE T€ONpOCTpaHTCBEHHON uHMopManmeit (ymnpas-
JIEHUE TeONPOCTPAHCTBEHHOW MH(pOpMaIUel; reonpoCTPAaHCTBEHHAs UH(PPACTPYKTY-
pa JaHHBIX, PACIPOCTPAHEHHUE IMEPEJOBOTO OIMbITa W MOJJACPKKa HaJJIeKaIlero
yOpaBieHus; OW3HEC-MOJIENH, MPEANPHUITHS TOCYJapCTBEHHO-YaCTHOTO MapTHEP-
CTBa, mpodeccroHanbHas MpakTUKa U aIMUHUCTPUPOBAHHUE);
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— Komuccus 4 — TouyHoe MO3ULIMOHUPOBAHUE U M3MeEpeHus (Hayka o0 u3mepe-
HUSIX; MPUOOPETEHUE TOUHBIX U HAAEKHBIX I'€0/I€3UYECKUX JIAHHBIX O TMOJOKEHUH,
pa3Mmepe U (opMe eCTECTBEHHBIX U UICKYCCTBEHHBIX 00OBEKTOB pelibeda v cUTyalun);

— Komuccus 5 — unkeHnepHas reojie3us (cOop, oOpaboTKa U yIpaBJIeHUE TO-
MTOMETPUYECKUMU JTAHHBIMU; OLIEHKAa U KOHTPOJb KayecTBa OOBEKTOB IPAKIAHCKOIO
CTPOMUTENLCTBA U BO3BEACHHS OOJBIINX OOBEKTOB; COBPEMEHHBIE KOHLIEIIUU B pa3-
BUTHUH METOJIOB aBTOMATHUYECKOTO YIPABJIEHUS CPEICTBAMH IEPEABUKEHUS; CUCTE-
Mbl MOHUTOpPHWHTA JehopManuid; aBTOMaTHUYECKHE CHCTEMbl M3MEPEHHUS, CHUCTEMBI
M3MEPEHHsI, OCHOBAaHHBIE Ha MYJIbTHIATYMKAX; HA3EMHOE JIa3€pPHOE CKAaHUPOBAHHE U
CUCTEMbI; OECIIUIIOTHBIE JIeTaTeNIbHbIE anmnaparhl);

— Komuccus 6 — 3emiieycTpoicTBO U KaacTpsl (YIIpaBiIeHUE 3EMIISIMU U 3€M-
JIEYCTPONCTBOM; pa3BUTUE CUCTEMHOTO YIPABJICHUS 3eMIISIMU KaKk OCHOBHOU MH(pa-
CTPYKTYPBI JIJIsl YCTOMYMBOTO PA3BUTUS U SKOHOMUYECKOTO POCTa; MPUMEHEHUE WH-
HOBAllMOHHBIX W TEPEIOBBIX TEXHOJIOTHH B KaJacTpe W aAMUHUCTPUPOBAHUU 3€-
MeJb);

— Kowmuccus 7 — npocTpaHCTBEHHOE MJIAHUPOBAHUE U Pa3BUTHE (PETHOHAIb-
HOE U MecTHOe TutanupoBanue; 3D- u 4D-MoaenupoBaHue; UCTIOIb30BAHUE U PA3BU-
THUE TOPOJACKUX M CEIbCKOXO3SMCTBEHHBIX 3€MEJb; PEMHXUHUPHHI METAIIOJNCOB;
roCcyJapCTBEHHO-YaCTHOE MapTHEPCTBO; MPOM3BOJIbHAS 3aCTpPOWKa B IE€ONpPOCTpaH-
CTBEHHOM Pa3BUTHUH, IJIAHUPOBAHUE U TOCYAAPCTBEHHOE YIPABICHUE);

— Komuccus 8 — onenka u ynpaBieHHe HEABUKUMOCTBIO (OLIEHKAa NHBECTULIUI
B HEJBJKUMOCTh U MHBECTULIMOHHOE IJIAHWPOBAHUE; NHBECTHIIMOHHBIE MEXAHU3MBI
HEJIBUKUMOCTH; HEJIBUKUMOCTb, (PMHAHCOBBIE PECYPCHI U pa3BUTHUE IUIAHOB B cepe
3eMJIETIONB30BAaHUS;, SKOHOMHKA HEJBUKUMOCTH U PBIHKHM, aHAJIW3 PBHIHKA; yIpaBiie-
HUE COOCTBEHHOCTBIO M BHJIbI YAaCTHOW COOCTBEHHOCTH; YIpPABIEHUE COOCTBEHHO-
CTBIO FOCYJAPCTBEHHOT'O CEKTOPA);

—  KomMmuccus 9 — sxoHOMUKA B chepe CTPOUTENIbCTBA U yNpaBjieHUe (OIEeHKa
MacIITa0OB Te0Je3UUYEeCKON ChEMKH, ChEMKH BO3BOJUMBIX OOBEKTOB, CTOMMOCTH
MH)KEHEPHBIX padOT M MEHEIKMEHTA; IKCIEPTHas OLIEHKAa U MPOBEACHUE TEHAEPOB;
KOMMEpPUYECKOE YyIpaBjieHHUE, BKIOYas NMpUoOpeTeHNne, yIpaBlIeHUEe PUCKaMH U KOH-
TpaKTaMu; MPOEKTHBINA U MPOTPAMMHBII MEHEKMEHT, BKJIFOUasl INIAHUPOBAHUE).

[ToMrmo HemocpeaCTBEHHOU paldoThl, B cpepe CBOCH OTBETCTBEHHOCTH U IMPO-
(eccuoHaNbHBIX UHTEPECOB, KOMUCCUU MOTJM OBl MOATOTAaBIMBATE U (POPMUPOBATH
porpaMmy  HallMOHAJIbHBIX/(eAepanbHbIX/PETHOHAIBHBIX ~ HAYYHO-TIPAKTUYECKUX
KOHTPECCOB AcCCOLMAIlMM U €XETOJHbIX pabdounXx Heaeab (CEMUHAphI, HAy4YHO-
npakTuyeckue KoHdepeHiun). CTOUT paccMOTPETh BO3MOXKHOCTb TOTO, YTOOBI
c(hOpMHUpPOBAHHAST KOMHUCCHSIMU TEXHHYECKass Imporpamma KOHIpecca COIMpPOBOXKIa-
Jlach TJIABHOW HAIIMOHAJIBHOW BBICTABKOM, IEMOHCTPUPYIOLIEH COBPEMEHHBIE OTEYE-
CTBEHHbBIE U 3apyOeKHbIe aHAJIOTH T€01€3MUYECKUX MPUOOPOB U MHCTPYMEHTOB, IMPO-
IrPaMMHOT0 O0OecreueHus U MePCHeKTUBHBIX Pa3padOTOK, TEXHOJIOTUN U METOAMK.

B cnyyae, eciam Hamm NpeayioKEHUs M0 CO3/IaHUI0 HAMOHAJIBHOW reoje3nye-
CKOM accolMalliy MoJydaT CBOE JajbHeiiee pa3Butue, yxke B 2016 r., B kauecTBe
BBICTABOYHOM M JUCKYCCHOHHOM IUIOIIAJIKM KOHIrpecca AccoUuuanud, MOXKHO HC-
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MOJIb30BAaTh 3apPEKOMEHJIOBABIIYI0 ce0si MexayHapOoAHYI0 BBICTAaBKY WU HAy4YHBIN
koHrpecc «urtepakcno 'EOQ-Cubups» B ropoae HoBocubupcke.
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VIIK 528.9 (510)
CUCTEMA MOBUIbHOIO KAPTOFPA®UPOBAHUSA B KUTAE

Yanuwian Ton

Leador Spatial Information Technology Corporation, Kuraii, [lekuH, MeHemKep MO MPOAYKIUH,
MarucTp (GoTrorpaMMeTpUd M JTUCTAHIMOHHOTO 30HAWMpOBaHMs, Ten. +86-10-6261-7985,
daxkc: +86 10 6261 7985, e-mail: tengchangsheng@leador.com.cn

IIu I'o
Leador Spatial Information Technology Corporation, Kuraii, [TekuH, MeHemKep M0 MPOAYKIUH,

OakanmaBp (QoTorpaMMeTpUM U JUCTAHIIMOHHOTO 30HAMpOBaHMs, Ten. +86-10-6261-7985,
daxkc: +86 10 6261 7985, e-mail: leader3s@leador.com.cn

BospacTraroniee mpoOHUKHOBEHHE Ha PBHIHOK WHTEPHET-KapTorpadUpoBaHUs U MEPCOHATBHON
HaBuranuu B Kutae oTkppuio 60bIre BO3MOXHOCTH ISl T€0-COOOIIECTB B 0071aCTH HAYYHBIX UC-
CIIeZIOBaHUI M OW3Heca. YiKe MPHU3HAHO, YTO T'€OJaHHBIC JIE)KAaT B OCHOBE JIFOOOTO T€OMpPOCTpaH-
cTBeHHOro npumeHenus. CieqoBaTeabHO, CBOEBPEMEHHBII cOOp U 0OHOBJIEHHE KapThl, HH(pOpMa-
uu 00 N300paKEHUH ¥ TOYHOE MIPEAICTABICHHE CTAIM O0Jiee BaXXHBI, 4YeM Koraa-mu6o. MoowibHas
cuctema KaprorpadupoBaHUsS CO BCTPOSCHHBIM MYJIbTHIATYMKOM SIBISIETCS XOPOIIUM CPEICTBOM
ObICTpOTO cOOpa TreoJaHHBIX. Takas cHcTeMa IIUPOKO HCIIOJIB3YeTCS B HABUTAIMU IO Kapre,
yIpaBJICHUH T'OPOIOM, aBapUHHO-CIIacaTeIbHON CIIy>k0€ U TOKapHOW OXpaHbl, TOPOKHOM MaTpyIie,
aJIMHHHUCTPATHBHO-XO3SIICTBEHHOM  YIIPABIICHUH, KCIIE3HOAOPOKHOM TATpyJie W HWHTEPHET-
MPUIIOKEHUM.

KuroueBble ciioBa: MOOHMIIbHAs CUCTeMa KapTorpadupoBaHus, yrpasienue ropojgom, PPOI,
TOPOKHBIN MATPYITh, aAMUHUCTPATHBHO-XO03SHCTBEHHOE YIIPaBJICHHE.

MOBILE MAPPING SYSTEM IN CHINA

Changsheng Teng

Leador Spatial Information Technology Corporation, China, Beijing, Product Manager, Master de-
gree on photogrammetry and remote sensing, tel. +86-10-6261-7985, fax. +86-10-6261-7985,
e-mail: tengchangsheng@leador.com.cn

Sheng Guo

Leador Spatial Information Technology Corporation, China, Beijing, Product Manager, Bachelor
degree on photogrammetry and remote sensing, tel. +86-10-6261-7985, fax. +86-10-6261-7985,
e-mail: leader3s@leador.com.cn

In China, the growing market penetration of internet mapping and personal navigation has
opened up great research and business opportunities to geospatial communities. It has been recog-
nized that geospatial data is at the heart of any geospatial application. Consequently, collecting and
updating map and image information in a timely, accurate fashion has become more important than
ever so. MMS (Mobile Mapping System) which integrates multi-sensor has clearly established a
trend towards fast geospatial data acquisition. Such system is widely used in the fields of navigation
map surveying, urban management, emergency response, road patrol, facility management, railway
patrol, and Internet applications.

Key words: MMS, urban management, PPOI, road patrol, facility management.
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1. INTRODUCTION

MMS is the system of collecting geospatial data from a mobile platform. Such
systems are composed of an integrated array of time synchronized GNSS (Global
Navigation Satellite System), IMU (Inertial Measurement Unit), DMI (Distance
Measurement Instrument), imaging sensors , laser scanning sensors and onboard
computer mounted on a mobile platform. The primary output from such systems in-
cludes GIS data, digital maps, and georeferenced images and video.

MMS basically consists of two subsystems, each comprising a variety of sen-
SOrs:

1) Trajectory subsystem: PPOI (Precise Positioning and Orientation Instru-
ment) as the core, and aiding sensors like digital odometer and inclinometer;

2) Object data subsystem, currently with image sensor and laser scanner.

The whole system is managed by a central controller, which logs all sensor data
to a hard disk for performing real-time integrity checks and post-processing. The
GNSS-PPS (Pulse Per Second) - signal, generated by the GNSS receiver, together
with GNSS time information is used to synchronize all sensors and to time-tag the
data with an uncertainty of less than one millisecond (Graefe, 2003).

In China, as a new way of geo-spatial data acquisition, the main navigation data
producers see MMS as its primary means of data collection and updating and mobile
mapping technology as the company's core technology. Thus, mobile mapping tech-
nology has become the best solution for geospatial data acquisition, playing an in-
creasingly key role in the geo-information data-updating.

Research in mobile mapping technology started in 1990s, the field in multiple-
sensor integration, system error calibration, direct geo-referenced technology. Up to
now, LD2000 MMS, LD2011, LD2014 has been successfully developed Leador Spa-
tial Information Technology Corporation (Abbreviation: Leador Spatial) and used in
all walks of life, its hardware and software have been exported to Korea, and Italy,
and Iran, and other countries.

Figure 1: LD2000 MMS (left) is developed in 2004 and
L D2011 MMS (right) is developed in 2011
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Figure 2:L.D2014 MMS is developed in 2014

2. KEY TECHNOLOGIES

MMS is a multi-sensor integrated digital mapping system, which generally
composes the mobile vehicle, multi-sensor, on-board computer and data acquisition
software. Development and application of MMS is mainly dependent on the devel-
opment of the following key technologies:

1) Direct georeferencing

GNSS coverage is affected by topography, e.g. trees close to the road, houses
etc. It is a key to determine the position and orientation of MMS with frequent GNSS
outages. On this basis, we can obtain the coordinates of the target features, without
using ground control points and photogrammetric triangulation method. PPOI-L61
developed by Leador Spacial is a system which is very accurate, and is compatible
for GPS, GLONASS, Galileo, BDS; its specifications are shown in Table 1.

Table 1
PPOI-MG60 specifications
SPS PP

Horizontal position (m) 3-5 0.02
Vertical position(m) 5-10 0.05
Heading (deg) 0.02 0.005
Roll & Pitch (deg) 0.005 0.002*
\elocity (m/s) 0.03 0.005
Physical dimensions (mm) PCS:340x200%105 IMU:180%172x130
Weight (kg) PCS<3.5 IMU<5.6

For achieving a full accuracy a local gravity model is required.

2) Multi-Sensor Integration
MMS use variety of spatial data collection tools, although the multi-sensor sys-
tem as compared with a single sensor system has many advantages but introduces a
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series of new problems, such as performance of new sensors and software, multi-
sensor consistency problems, systemic error calibration technology.
The overall calibration technology is important for ensuring the systematic er-
rors. Calibration technology comprises a relative calibration and absolute calibration.
Firstly, the relative calibration means solving the intrinsic parameters of each sensor
respectively, so as to assure the relation between the sensor and a group of sensors
and the own center. Relative calibration includes multi-image sensor, PPOI, laser
scanning sensor and lever arm calibration, foresight calibration. Absolute calibration
means assuring the relative relationship between the sensors and the object coordi-
nates. The specifications of LD2000, LD2011 and LD2014 are shown in Table 2.

The specifications of LD2000, LD2011 and LD2014
LLD2000 LD2011

Laser max range(m)

Laser max FoV (vertical) (deg)
Panoramic Photo Max FoV/(deg)
Panoramic photo resolution (MP)
DMI Max range (m)

Absolute accuracy (RMS)(m)
Relative accuracy (RMS)(m)

Max. speed (km/h)

\
\

80

500

300
360x270
12

40

0.3

0.1

80

LD2014
920

360
360x270
30

40

0.1

0.05

80

3. FLOW OF DATA ACQUISITION AND PROCESSING

Table 2

Flow of data acquisition and processing includes data acquisition, Determination of
positon and orientation, georeferencing and mapping. Flow chart is shown in Fig 3.

GPS/IMU data
Data CCD image data
Panoramic laser data
Time synchronization data
Other data

acquisition

Determination
of position and
orientation

Results data
of position
and attitude

/

v

|
The image data
with geographic
reference

Georeference and
mapping

Fig 3: Flow chart of data acquisition and processing
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1) Data acquisition

Use acquisition system of MMS to collect GNSS/IMU, image and other original
data in target area. Data collection is drove to collection area. The system will auto-
matically collect the track of traveling route, the position and attitude observation da-
ta of GNSS/IMU, CCD image, panoramic images, laser point cloud and POl when
MMS driving along the route.

2) Determination of positon and orientation

Use LIONET (Leador INS/GNSS Orientation and Navigation Enhanced Tech-
nology) post-processing software to compute an optimal integrated inertial navigation
solution by processing the raw IMU, GNSS data ,DMI data collected from PPOI
amounted on vehicle(other platform), along with GNSS observables recorded form
base station receiver(s). It computes a carrier phase GNSS solution and then blends it
with the inertial data using forward and reverse time processing.
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Figure 4: Interface of LIONET software

3) Georeferencing and mapping

Direct digital image georeferencing using coMapper implies the direct meas-
urement of position and orientation of each single image frame at the moment of data
acquisition. In principal, this allows immediate map production using the photo-
grammetric unit (a stereopair of images, or a single image+DEM). Ultimately, this
approach totally bypasses the aerotriangulation step with no ground control point re-
quirement. Fig. 5 below shows the georeferencing concept.

24



» x
e -

Figure 5: Interface of coMMapper software

Use coMapper to measuring objectives, extract attribute, mapping and building
database by stereoscopic image of georeferenced and laser point data. Then output
DLG, digital measurable image, navigation map and panoramic laser data, etc.

4, APPLICATIONS

Mobile Mapping Solution brings you omnidirectional information via its images
and laser points. It is widely used in the field of local search, navigation, urban & in-
dustry planning, homeland security, emergency response, roadway management,
street map, etc.

4.1. AERIAL MOBILE MAPPING

Traditional techniques of geo-referencing aerial photography, ground profiling ra-
dar, or Lidar are prohibitively expensive, particularly in inaccessible areas, or where the
type of data collected makes interpretation of individual features difficult. Image direct
georeferencing, simplifies the mapping control for large scale mapping tasks.

Figure 6: Oblique camera pod (left) and 3D model Jiujiang, China (right)
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4.2.  URBAN MANAGEMENT

Adoption of Mobile mapping technology to provide the inspectors with measur-
ing function patrol car for urban management department for the scene forensics and
law enforcement of illegal construction, illegal street advertising plaque, Jeeves and
other acts, and the field measured by real images and video COMA / GPRS or 3G
network quickly transferred to the command center.

Figure 7: Urban management MMS

The car to inspect in urban area is mainly used for monitoring irregularities in
urban management, there are often many sabotage the urban landscape, in violation
of city planning behavior continue to occur in city, therefore, the need for urban man-
agement department of road construction and the basic situation within the jurisdic-
tion of statistics, and continue inspections, by comparing the historical real image da-
ta is to determine whether there are irregularities ,and by combining with measurable
functions and decision-making deal is to quantify the evidence.

With 3G or digital radio communications equipment, disseminate living condi-
tions, it realize sharing data between enabling law enforcement command center and
on-site Law enforcement car.

4.3. EMERGENCY RESPONSE

Figure 8: Emergency response MMS
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The data which are acquired by Leador2000 MMS is used for accurately as-
sessing of conditions on the ground. A special database which is quickly built by
MMS (relief facilities, temporary residence, hospitals, etc.) is used for disaster relief
facilities management, command and decision-making.

44. ROAD PATROL AND FACILITY MANAGEMENT

MMS can be utilized to carry out efficient road condition surveys, and facilities
management. Laser scanning technologies, applied in MMS, allow full 3D data col-
lection of slope, banking, etc.

For inspections of facilities and road incidents, by way of wireless transmission
of real-time video-board camera and stereo image is sent to the rear of the command
center.

Figure 9: Road patrol MMS

On the basis of road inspections, MMS can scan the pavement and find out
cracks.

Figure 10: Detection of pavement cracks MMS
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45. RAILWAY PATROL

Railway MMS is enable to record the state of the rail on both sides of geogra-
phy, such as clearance status, and other dynamic information, a live recording of the
integrated system, through the sensors mounted on the train, is enable to dynamical-
ly, real-timely record geospatial data along the railway.

Figure 11: Railway patrol MMS

4.6. INTERNET APPLICATIONS

Internet and mobile device users are increasingly utilizing geo-spatial infor-
mation, either in the form of mapping, or geo-referenced imaging. MMS provide geo-
spatial data for the biggest Map ISP (Baidu Map).

Figure 12: High resolution panoramic camera MMS
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Figure 13: Interface of Baidu map
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OTKPbITbIE OAHHBIE, BECIMNJIATHOE NPOrPAMMHOE OBECINEYEHUE

C OTKPbITbIM UCXOAHbIM KOALOM U OTKPbITbIA AOCTYN K FTEOQAHHbIM
AnA BANNIOPU3ALUUU KYJIBTYPHOIO TYPU3SMA HA NMPUMEPE NPOEKTA
«NEWEXOAOHBLIE MAPLLUPYTbI VIA REGINA»

Mapua Aumonusn bpoeennu

Munanckuil nonutexuudeckuit ynusepcuret, DICA, Kamnyc B Komo, yin. B. Anenxuo 14, Komo,
Wranus, npocdeccop, TOKTOp HaykK, MPOPEKTOp Kamiyca yHuBepcutTeta B Komo, compencenarens
Pa6oueit rpynmer  [ISPRS WG IV/5 «Beb yenyru u "obnaynas" ciyx0a Ha OCHOBE I'€OJJaHHBIX U
npuMeHeHus»,  wiedH KoncyapratuBHoro kommurera «GeoForAll», ten. +39-031-332-7336,
daxc: +39-031-332-7319, e-mail: maria.brovelli@polimi.it

«[lemexomaupie MapmpyTsl Via Regina» — 3to mpoekt [Iporpammbsl TpaHCTpaHUYHOTO CO-
TpyAHUYECTBA MEXIy coceqHuMH cTtpaHamu Wrtanug-1lIseinapus na 2007-2013 rr., 1eap0 KOTO-
pOil SIBIISIETCS TOBBIIIICHUE KYJIbTYPHBIX LIGHHOCTEH U TYPUCTUUECKHUX YCIIYT, pa3BUBAIOLIUXCS, Oa-
rojgapsi COBMECTHOM JI€ATEIbHOCTU UHXKEHEPOB B 00JIACTU T€OMATHUKH U DKCIEPTOB MO KYJIbTYpPHO-
My HacJeAMIo, JaHIIIAPTHRIX MPOEKTHUPOBIINKOB, MECTHBIX BJIACTEH M aCCOIMAIIMN U MPU BAJIOPHU-
3alMyd  OO0IEeBPOINENWCKOro KyIbTypHOTO Hacienus. BHeapeHue HOBEHIIMX TIeo-CPeAcTB Mpo-
IrpaMMHOTO o0ecrieueHus: (MHOTOMEPHBIN TreonopTait, Apps 1 tuiardopma Juisi reo-KpayacopCuHTa |
BeO-BUPTYaJIbHBIE TYpbl) IOMOTYT PACHIUPUTH 3HAHUS O MECTHOCTH, TJie OyAeT MPOXOIUTh Maplil-
pyt. CBOOOIHAS M 0OIIEIOCTYITHAS MPUPOAA ITHUX CPEIACTB JIETACT UX JOCTYIHBIMHU, U PACIIUPSIET
TEMATHUKY.

KnioueBsbie ciioBa: MHOrOMepHOE BeO-KapTorpadupoBaHue, reo-KpayJaCOpCHHT, BHUPTYallb-
HBIE MapUIPYThI, CBOOOJHOE M OOIIEIOCTYITHOE MTPOrpaMMHOE 00eCieYeHUE U JaHHBIE.

OPEN DATA AND FREE AND OPEN SOURCE GEOSPATIAL SOFTWARE FOR
CULTURAL AND TOURISTIC VALORISATION: THE CASE OF «THE PATHS OF VIA
REGINA»

Maria Antonia Brovelli

Politecnico di Milano, DICA, Campus Como, via VAlelggio 14, Como, Italy, Prof. Dr.,Vice Rector
of Politecnico di Milano for Como Campus, Co-Chair ISPRS WG IV/5 «Web and Cloud Based
Geospatial Services and Applications», Member of the Advisory Board of «GeoForAlly,
tel. +39-031-332-7336, fax. +39-031-332-7319, e-mail: maria.brovelli@polimi.it

“The Paths of Via Regina” is a project of the Cross-border Cooperation Operational Pro-
gramme Italy — Switzerland 2007-2013, which aims, thanks to the synergy between geomatics en-
gineers and experts in cultural heritage, landscape designers, local administrations and associations,
at valorising the common European cultural identity through the naturalistic, artistic and cultural
heritage. The knowledge and the monitoring of the territory are promoted through the implementa-
tion of innovative geospatial software (a multi-dimensional geoportal, Apps and a platform for geo-
crowdsourcing and web-virtual tours). The free and open source nature of these tools makes them
reusable and customisable for any different context.

Key words: multidimensional web-mapping, geocrowdsourcing, virtual tours, free and open
source software and data.
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“The Paths of Via Regina” is an INTERREG project (Cross-border Coopera-
tion Operational Programme Italy — Switzerland 2007-2013) which aims at the val-
orisation of the foot paths on the hilly crossborder area between Italy and Swit-
zerland. Thanks to the synergy between swiss and italian geomatics engineers and
experts in cultural heritage, landscape designers, local administrations and associa-
tions, the project aimed at rediscovering the common European cultural identity
through the naturalistic, artistic and cultural heritage.

The knowledge and the monitoring of the territory are promoted through the
implementation of innovative tools coupled with the traditional ones.

Pedestrian tourists, in addition to the traditional maps and guides, are able to
move into the territory via computer or mobile devices (smartphone, tablets, etc.)
through the development of a specific geoportal. The possibility of mul-
ti-dimensional Vvisualization improves the perception of immersion in the territory
providing a richer experience to the virtual traveler. Moreover within the project
new Internet GIS participative tools were developed: the proliferation of mo-
bile devices equipped with GPS and cameras allows users to upload multime-
dia georeferenced contents (e.g. photos, documents and travel notes), collected
along the route, which then become property of the whole community.

The crowdsourced information is then overlaid to the base OpenstreetMap lay-
ers, to the aerial orthophotos and the satellite imagery provided, as standard ge-
oservices, by the geoportals of institutional administrations (e.g. INSPIRE Geoportal,
Italian National Geoportal, Lombardy Region Geoportal, Swisstopo Geoportal).

Holding mobile devices, the tourists can discover the territory by walking it
physically, but at the same time they can also contribute to the collective
knowledge, adding important aspects or details. These instruments are therefore
important not only for navigation, but also for monitoring and safeguarding col-
lectively the landscape and its culture. Moreover the free and open source nature of
these tools makes them reusable and customisable for any different context.
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Prof. Dr. Maria Antonia Brovelli

Vice Rector for Como Campus - Politecnico di Milano

ISPRS WG IV/5 "Web and Cloud Based Geospatial Services and Applica-
tions" - Co-chair - OSGeo Charter Member - ICA - OSGeo Advisory Board Member
- SIFET Scientific Commitee Member

Via Natta, 12/14 - 22100 COMO (ITALIA)

Tel. +39-031-3327336 - Mob. +39-328-0023867 - fax. +39-031-3327321
e-maill: maria.brovelli@polimi.it
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OnuceiBaeTcss TeXHOJOTUs JazepHoro ckaHupoBanusi ¢ BJIA/BJIITIA, ee cpaBHeHue cC
TEXHOJIOTUEH BO3AYIIHOTO W HA3eMHOIO JIA3€PHOTO CKAHUPOBAHUS, W IOTCHIUAIbHBIC
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COCTOSIHUEM OOBEKTOB IPOU3BOACTBEHHOW HMH(PACTPYKTYPHl U OOBEKTOB KH3HEOOECHIECUCHUS
HACCJICHMSI.

KuarouesBbie cJjioBa: BJIA/BJITIA, Jla3epHoe CKaHUPOBAaHUE, KOpUJIOPHOE
KapTtorpadupoBaHre, MOHHUTOPUHT JIMHUN »JJEKTporepenad W TpyOOINpPOBOIOB, KOHTPOIb 3a
COCTOSIHMEM OOBEKTOB MPOM3BOACTBEHHON HH(MPACTPYKTYphl M OOBEKTOB >KHU3HEOOECTeUeHUS
HaCeJIeHHUs, BO3YLIHOE JIa3epHOE CKaHUPOBAHUE, paAOMETpUUECcKasl KaTuOpOBKa.

UAV BASED LASER SCANNING FOR MONITORING APPLICATIONS AND
CHALLENGING, COMPLEX SURVEYING TASKS

Philipp Amon
RIEGL Laser Measurement Systems GmbH, Riedenburgstrasse 48, 3580 Horn, Austria, Manager,
International Sales, tel. +43-2982-4211, fax. +43-2982-4210, e-mail: pamon@riegl.com

Ursula Riegl
RIEGL Laser Measurement Systems GmbH, Riedenburgstrasse 48, 3580 Horn, Austria, Assistant
to the CEO, tel. +43 2982 4211, fax. +43-2982-4210, e-mail: uriegl@riegl.com

Peter Rieger

RIEGL Laser Measurement Systems GmbH, Riedenburgstrasse 48, 3580 Horn, Austria, Product
Manager, Airborne  Laser  Scanning, tel. +43-2982-4211, fax. +43-2982-4210,
e-mail: prieger@riegl.com

32


https://3c.gmx.net/mail/client/mail/mailto;jsessionid=BAEF9269DA9FF60323C75DA68AB7F290-n4.bs29b?to=pamon%40riegl.com&selection=tfol11bc67fc7902b418
https://3c.gmx.net/mail/client/mail/mailto;jsessionid=B2A7829995889D4BF5841B762F37CA3E-n1.bs09a?to=uriegl%40riegl.com&selection=tfol11bc67fc7902b418
https://3c.gmx.net/mail/client/mail/mailto;jsessionid=B2A7829995889D4BF5841B762F37CA3E-n1.bs09a?to=prieger%40riegl.com&selection=tfol11bc67fc7902b418
https://3c.gmx.net/mail/client/mail/mailto;jsessionid=B2A7829995889D4BF5841B762F37CA3E-n1.bs09a?to=mpfennigbauer%40riegl.com&selection=tfol11bc67fc7902b418
mailto:pamon@riegl.com
mailto:uriegl@riegl.com
mailto:prieger@riegl.com

Martin Pfennigbauer

RIEGL Laser Measurement Systems GmbH, Riedenburgstrasse 48, 3580 Horn, Austria, Director,
Research &  Intellectual  Property, tel.  +43-2982-4211, fax.  +43-2982-4210,
e-mail: mpfennigbauer@riegl.com

We present the workflow of ULS (unmanned-aircraft-based laser scanning) in comparison to
the well-established high-altitude airborne laser scanning or stationary terrestrial laser scanning and
discuss the potential of data fusion. Example applications include corridor mapping for power line
and pipeline monitoring, and inspection of industrial and public infrastructure.

Key words: UAS, laser scanning, corridor mapping, power line and pipeline monitoring,
inspection of industrial and public infrastructure, data fusion, airborne laser scanning, radiometric
calibration.

INTRODUCTION

Airborne laser scanning (ALS, often also called airborne LIDAR) is an active
remote sensing technique that samples the landscape in a sequential manner by laser
pulses that are deflected across the flight path (Vosselman and Maas, 2010).

The backscattered echo information is typically used to determine the range to
the objects within the laser beam. By merging the range information and the
deflection angle of the laser beam with synchronized position and orientation
information the geo-location of the backscattering surface elements can be
determined. The 3D point cloud of the surveyed area results from a multitude of
single measurements. Next to spatial information ALS and ULS sensors typically
also provide information about the intensity of the backscattered signal. However, for
the practical usage of this information and eventually for target classification, a
radiometric calibration of the acquired signal strength, taking into account
atmospheric attenuation and angle of incidence of the laser beam is essential.

Recent publications showed that a practical radiometric calibration workflow is
feasible (Hofle and Pfeifer, 2007) (Briese, Hofle, Lehner, Wagner, Pfennigbauer,
Ullrich, 2008) (Wagner 2010) (Briese. Pfennigbauer, Lehner, Ullrich, Wagner,
Pfeifer, 2012) (Briese, Pfennigbauer, Ullrich, Doneus, 2013). Furthermore, the paper
“Radiometric Information from Airborne Laser Scanning for Archaeological
Prospection” (Briese, Pfennigbauer, Ullrich, Doneus, 2014) demonstrates a first
practical application of the calibrated radiometric information for archaeological
prospection.

ALS and ULS instruments typically operate with one single laser wavelength,
but due to different application requirements instruments utilizing different
wavelengths are available and the parallel or sequential use of different sensors
allows even estimating a multi-wavelength radiometric representation of the area of
interest (Briese, Pfennigbauer, Lehner, Ullrich, Wagner, Pfeifer, 2012) (Briese,
Pfennigbauer, Ullrich, Doneus, 2014).
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This publication focuses on the radiometric calibration of single-wavelength
close-range ALS and ULS instruments. This radiometric calibration can be used to
facilitate the calibration of passive multispectral imagery concurrently acquired over
the same area. The presented workflow is demonstrated on the basis of an ALS data
set from 2013 and an ULS data set from a later flight mission in 2014. The RIEGL
VUX-1 as extremely lightweight ALS and especially well adapted UAS sensor is
presented and its performance capacity is demonstrated by high-resolution data sets.

RADIOMETRIC CALIBRATION OF ALS DATA

This section summarizes the basic theory and practical workflow for the
radiometric calibration of ALS data which is presented in more detail in the
publications (Briese, Hofle, Lehner, Wagner, Pfennigbauer, Ullrich, 2008) (Briese,
Pfennigbauer, Lehner, Ullrich, Wagner, Pfeifer, 2012) (Ullrich, Briese, 2014) (Briese,
Pfennigbauer, Ullrich, Doneus, 2014). The process of ALS and ULS data acquisition
can be described by the LIDAR equation that describes how the power of the laser
pulse (P at emission) is altered along its path from the sensor emission to the target
and back so the detector where the received power Py is observed (Wagner 2010)
(Briese, Pfennigbauer, Lehner, Ullrich, Wagner, Pfeifer, 2012):

4 1 nD?
‘ R%0Z7 G- AR ‘Mat™ ‘T‘nsvs =P

Pr

with the atmospheric attenuation namw, the intensity reduction due to range R,
the opening angle 61, the receiver optics of diameter D, the target backscattering
properties o (backscatter cross-section), and some further system loss nsys. By the
assumption of a single echo per laser shot on an extended target (bigger than the laser
footprint) the equation can be simplified to:

P, D*
W'UATM Msys ¥V =Py

Furthermore, the above equation introduces the backscatter coefficient y=o/ Ay,
with Ay representing the laser footprint area. Moreover, by assuming that the targets
hit by the laser pulse behave like a Lambertian reflector the so-called diffuse
reflectance pq can be estimated with the angle of incidence 6 by:

_
4 cosd

Finally, it can be assumed that 7sys, Pr, and D are constant for a certain ALS
sensor or a certain flight mission. Therefore these factors can be summarized in a so-
called calibration constant Cc, that can be estimated with the help of targets with

known reflectance at the laser’s wavelength (Briese, Hofle, Lehner, Wagner,
Pfennigbauer, Ullrich, 2008).

P
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RIEGL V-line instruments provide a value for the calibrated relative reflectance.
This value is the ratio of the actually observed echo amplitude and that resulting from
a fictive, large Lambertian reflector of 100% reflectance at the same distance as the
target object (Pfennigbauer, Ullrich, 2010). This is a valuable indication, yet the
calculation disregards the effect caused by the angle of incidence. Therefore, for the
presently demonstrated procedure, we use the calibrated amplitude provided by the
Instruments.

Based on the above described theory the following workflow for the radiometric
calibration of ALS data can be applied to the ALS data (Briese, Pfennigbauer,
Ullrich, Doneus, 2014):

1. Selection of the in-situ reference targets based on the ALS flight plan

2. Determination of the incidence angle dependent diffuse reflectance pq of the
reference surfaces utilizing a spectrometer or reflectometer (Briese, Hofle, Lehner,
Wagner, Pfennigbauer, Ullrich, 2008) that operates at the same wavelength as the
laser scanner

3. Recording of meteorological data (aerosol type, visibility, water vapor, etc.
for the estimation of an atmospheric model, or the visibility at visible wavelengths)
during the flight mission in order to estimate the atmospheric transmission factor

5. Direct georeferencing of the ALS echoes and maybe strip adjustment in
order to get an advanced relative and absolute georeferencing of the ALS data

6. Estimation of the local surface normal in order to consider the local
incidence angle &

7. Estimation of Cca. based on the ALS echoes within the in-situ reference
targets (e.g. defined by a polygon area)

8. Radiometric calibration of all echoes based on the determined value of Cca.
and the angle of incidence &

STUDY SITE AND RESULTS
Study Site

For the application of the mentioned workflow for radiometric calibration the
archaeological study site Carnuntum in Austria was selected. Carnuntum is located in
the south-east of Vienna and is one of the case-study areas of the Ludwig Boltzmann
Institute for Archaeological Prospection and Virtual Archaeology (LBI-ArchPro). As
a consequence, a lot of different reference data sets (ALS, photogrammetry,
terrestrial measurements, etc.) are available. Further details about the study site can
be found in the paper “Radiometric Information from Airborne Laser Scanning for
Archaeological Prospection® (Briese, Pfennigbauer, Ullrich, Doneus, 2014).
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Radiometric Calibration Results

This subsection summarizes the radiometric calibration results for the study area
that were published in ,,Radiometric Calibration of Multi-Wavelength Airborne Laser
Scanning Data” (Briese, Pfennigbauer, Lehner, Ullrich, Wagner, Pfeifer, 2012) and
“Multi-Wavelength airborne laser scanning for archacological prospection” (Briese,
Pfennigbauer, Ullrich, Doneus, 2013). Figure 1 presents the radiometric information
from one ALS strip acquired by the ALS sensor RIEGL VQ-480i (laser source with
1550 nm) before (upper part of the figure) and after (lower part of the figure) the
radiometric calibration workflow.

It can be clearly seen in Figure 1 that the darkening at the strip’s borders (across
the flight direction) mainly caused by an increasing range R can be eliminated by the
radiometric calibration procedure. Furthermore, it is visible that larger field systems
are represented in the calibrated reflectance image with the same gray value after the
application of the presented workflow.

Figure 1: Upper image: Amplitude image of one ALS strip (1550 nm; rotated
counterclockwise by 25°); Lower image: Calibrated reflectance image of the same
strip (Briese, Pfennigbauer, Ullrich, Doneus 2013)

Figure 2: Upper image: Calibrated reflectance image (1550 nm) of the complete
study area Carnuntum (Briese, Pfennigbauer, Ullrich, Doneus, 2013); Lower Image:
Detail of the reflectance image; the length of the red line in the upper right part of the

image represents 200 m. In both visualizations the reflectance images (255 gray

values) are linear scaled from 0 (black) to 0.5 (white)
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After the application of the radiometric calibration workflow for all available
ALS strips a calibrated reflectance value for every single ALS echo is available.
Based on this 3D point cloud with the assigned reflectance attribute a reflectance
Image can be estimated by an interpolation method. In the examples presented here
the software OPALS with its grid interpolation method moving planes (selected grid
width 0.25m) was utilized (OPALS, 2014). The resulting true orthophoto that
contains the reflectance values for the laser wavelength of 1550 nm can be inspected
in Figure 2.

NEW SENSOR AND AIRBORNE CARRYING PLATFORM FOR ULS

In 2014, RIEGL introduced the new ULS sensor, RIEGL VUX-1 (see fig 3, fig 4
and (RIEGL VUX-1, 2014). This new, compact and lightweight sensor was
developed especially for use on UAS, gyrocopters, helicopters and ultralight aircratft.
The effective measurement rate of the instrument is 500,000 measurements per
second (with 200 scan lines per second) and offers a field of view of up to 330°. The
maximum scan mission flight altitude is 350 m AGL. The instrument offers multiple
target capability and a ranging accuracy of 10 mm.

Figure 3: the new lightweight airborne ,,ULS* scanner RIEGL VUX-1,
dimensions and weight

Point Density [pts/m?]

70 80 0 100 10

60
Speed [kn]

VUX-1 at 550,000 pulses/second
range fo target = 80 m, speed = 40 kn
Resulting Point Density ~ 56 pl/rr

Figure 4: ULS scanner RIEGL VUX-1, performance characteristics
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Figure 5: ULS data point cloud in degrees of calibrated reflectance

Figure 5 shows the ULS data point cloud, again in degrees of calibrated
reflectance. The flight and scan parameters for the data acquisition were:
Speed 48 kts (25 m/s)

Altitude approx. 150 m AGL
Scan rate 380 kHz
Point density 18 pts/m2

With regards to versatility and cost-efficiency, UAS as remotely piloted sensor
carrying platforms offer a promising complementary method to terrestrial and
airborne surveying, especially for smaller-scale and/or repetitive data acquisition.
Figure 6 shows as an example the RICOPTER, developed as turn-key solution, a
completely integrated UAS LiDAR system.

With the extremely wide scan angle together with the low flying altitude and the
consequently small angles of incidence occurring in this setup, radiometric
calibration taking into account the angle of incidence becomes even more important
than for ALS.

Figure 6: RIEGL RICOPTER with RIEGL VUX-SYS
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SUMMARY AND DISCUSSION

This paper highlights the ability of ALS and ULS to deliver, next to geometric
information of the sensed surface, radiometric data of the illuminated target surfaces.
Based on the theory of the LIDAR equation a practical workflow for the radiometric
calibration of ALS/ULS data sets was presented. This process was demonstrated with
the help of already published results (Briese, Pfennigbauer, Ullrich, Doneus 2014)
and a later acquired ULS data set. As a result radiometric information is added to the
acquired 3D point cloud. Based on this point cloud information a true orthophoto
displaying the ALS reflectance information can be estimated. Due to the active laser
illumination this orthophoto is not affected by the sunlight. The resulting high-
resolution radiometric quantities might be a valuable reference data set for the
radiometric calibration of passive airborne image spectroscopy data.
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baxkc: +49-(0711)-6858-4044, e-mail: volker.schwieger@ingeo.uni-stuttgart.de

Annemme ILlImumm

VYuusepcurer Ilryrrapra, WHctutyr wumxkeHepHoit reoxesun, Geschwister-Scholl-Str. 24D,
D-70174, Stuttgart, I'epmanus, ten. +49-(0711)-6858-4065, dakc: +49-(0711)-6858-4065,
e-mail: an-nette.scheider@ingeo.uni-stuttgart.de

PaccmarpuBaercsi mpuMeHEHUE Te0Ie3Ud B pOOOTU3UPOBAHHOM CTPOMTENIBCTBE JIEPEBSIHHBIX
COOpY’KEHHH, BKJIIOUasi KOHTPOJIb KaueCTBa MHIMBUAYAJIbHO M3TOTOBJIECHHBIX IIJIACTUH U3 JIEpPEBa U
aHanu3 JeopMalny MOJHOCTHIO MOCTPOSHHOTO MAaBHIIBOHA Ui JBYX 310X. CpaBHHBAINCH HOP-
MaJIbHbIE BEKTOpa pelIeTyaThIX MOBEPXHOCTEH Ul ABYX 3IO0X, U OHHM IOKa3aJd OTCYTCTBHE Jie-
¢dopmanmii. OgHON U3 TIIABHBIX MPUYHH SBJISETCS HEBBICOKAS TOYHAS PETUCTPAIMS OIpEeIICHUE
IIOJIOKEHMSI ¢ TOYHOCTBIO 7 MM. BBISBIEHO, UTO M3rOTOBJIEHHBIE IJIACTUHBI HE3HAUYUTENIBHO OTIIU-
yanuck 1aHHoil Mozaenu. [lorpemnocts n3mepenuit Obuia B npeaenax 0, 11 MM, u 310 noaTreBepau-
JI0, YTO Ha MJIACTUHBI U3rOTOBJIEHBI ¢ ToyHOCThIO 0,42 MM. Kpome Toro nokasaHo, 4To B T€YEHHE
IIECTH HeJeNb opMa JepeBsSHHBIC IIACTUHBI N3MEHIIIACh HE3HAYUTEIHHO.

KiroueBble cjioBa: na3epHbId CKaHep, JIA3€PHBIH TpeKep, KOHTPOJIb KauecTBa, aHAIIU3 Je-
dhopmaruii.

QUALITY CONTROL AND DEFORMATION ANALYSIS FOR A TIMBER
CONSTRUCTION

Volker Schwieger

University of Stuttgart, Geschwister-Scholl.-Str. 24D, 70174 Stuttgart, Germany, Dr.-Ing., Profes-
sor, Director of the Institute of Engineering Geodesy, tel. +49-(0711)-6858-4044,
fax: +49-(0711)-6858-4044, e-mail: volker.schwieger@ingeo.uni-stuttgart.de

Annette Schmitt
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many, tel. +49-(0711)-6858-4044, fax: +49-(0711)-6858-4044, e-mail: annette.schmitt@ingeo.uni-stuttgart.de

The contribution deals with geodetic contributions to robotic timber construction. It covers
the quality control of individually fabricated timber plates and the deformation analysis of the com-
pletely constructed pavilion scanned in two epochs. The latter shows no deformations if the normal
vectors of the meshed surfaces are compared between the epochs. One of the main reasons is the
low accurate registration and geo-referencing reaching values up to 7 mm. For the first task it could
be shown that the fabricated plates do not differ significantly from the given model. The measure-
ment uncertainty of around 0.11 mm assures a plate fabrication uncertainty of around 0.42 mm. Ad-
ditionally, it could be proven that the plates do not significantly change their shape within 6 weeks.

Key words: Laser Scanner, Laser Tracker, Quality Control, Deformation Analysis.
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1. INTRODUCTION, PROJECT AND OBJECTIVES

New developments in computational design offer new individual fabrication
processes in timber construction. Industrial robots can be used in timber construction
to develop new design approaches. But no statements about the accuracy which can
be reached in these cases are available. However, quality control for a timber proto-
type building fabricated by robots has to be realized.

The investigations described in this paper, are part of the project Robotic fabri-
cation in Timber Construction. It is a project driven by architects, structural and geo-
detic engineers of the University of Stuttgart together with industrial partners like
timber fabricators and the federal state Baden-Wiirttemberg. The goal was to develop
a lightweight timber construction system which combines robotic fabrication with
computational design and simulation processes (Krieg et al., 2014).

A prototype is built at the horticultural show Landesgartenschau 2014 in
Schwibisch Gmiind, Baden-Wiirttemberg, Germany. The prototype is made of
243 timber plates made of beech plywood. These 50 millimeter thin plates are manu-
factured by an industrial robot with seven degrees of freedom. The plate structure of
this prototype recalls the skeletal shell of a sand dollar, a species of sea urchins. The
sand dollar has a skeletal shell of polygonal plates of calcium carbonate which “are
joint by interlocking calcite protrusions that are the biological equivalent to man-
made finger joints” (Krieg et al., 2014). Each plate has an individual shape and posi-
tion. The shape and position is calculated by an optimization and simulation process
(Krieg et al., 2014). The structure of the plates will be visible after setting up the pro-
totype. Factors like statics and extension of the robot are considered. At the end,
7600 finger joints are produced. The pavilion shown in Figure 1 has got a floor space
of 125 m? and the surface envelope of 245 m?, but there are only 12 m? of timber used
(ICD, 2015).

&

Figure 1: Left: Exterior view of the pavilion; Right:
Plate structure ©ICD/ITKE/IIGS, University of Stuttgart

One role of the geodetic engineer is to determine the fabrication accuracy of the
individual timber plates. In this way the automated robotic construction process is
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controlled using the Laser Tracker APl Radian and a valid uncertainty value with re-
spect to the fabrication is delivered. Further on it was controlled if the geometry of
the plates changes over time under different meteorological conditions.

The second role is the analysis of the deformations after construction of the pa-
vilion which is also called prototype by the architectural partners. For this task the
whole prototype has been scanned three times using a Leica HDS 7000 Scanner.

2. QUALITY CONTROL OF TIMBER PLATES

2.1 Measurement Instrument and Process

Since the timber plates should be fabricated with an uncertainty below 1 mm, a
laser trackers is the right choice to control the quality of the fabrication. In this paper,
the laser tracker APl Radian from Automated Precision Inc. (API) is used together
with the probing tool IntelliProbe360™. With the probing tool, shown in Fig. 3 it is
possible to measure, for example, hidden points. The software Spatial Analyzer from
New River Kinematics is used to operate the laser tracker and to realize the analysis.
The specialty of the laser tracker is the fact that it works with two kinds of distance
measuring principles. On one hand, it can be used with the interferometric distance
measuring method, which is based on the Michelson-Interferometer and delivers dis-
tance differences only. This method offers an accuracy of 5 um on 10 m. On the other
hand the tracker offers an absolute distance measuring method. This mode is the one
which has to used together with the IntelliProbe360™, since the so called birdbath, a
known point signalled by an adapter at the laser tracker (Fig.2), cannot be used for
the IntelliProbe360™, which means that there is no known absolute distance for the
interferometric measuring method. The producer specifies an uncertainty in 3D points
of £126 um for two sigma in a distance of 7 m using the absolute distance measuring
method (API, 2014).

Figure 2: Laser tracker with the reflector in the birdbath

For this project a special tip for the IntelliProbe360™ is needed to measure the
edges of the timber elements. The tip, shown in Fig. 3, is designed by the Institute of
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Engineering Geodesy Stuttgart (11GS), because there are no comparable tips available
on the market. This tip offers the possibility to measure the point of the edges direct-
ly, whereupon the tip cannot slip down from the edge. Before the measuring task was
started, the tip is tested measuring a precise metal work piece, which is produced with
a fabrication standard deviation s, of better than 0.1 mm in the workshop of 11GS.
One of the edges of the work piece is measured ten times. From the deviations be-
tween the measurement values and the CAD model the sg,, can be calculated. In this
case the sg), stands for the combined standard deviation of measurement and fabrica-
tion. However, since the fabrication standard deviation is known, the measurement
standard deviation s, can be calculated as followed:

SmM = SI%'M - 51% : (1)

The measurement standard deviation in X-direction reaches 0.086 mm, and in
Y-direction 0.063 mm. However, the 2D-accuracy is 0.106 mm. The Z-direction is
not important for the context of the project because the this direction is superposed by
external effects and should not to be considered

To get an overview about the fabrication uncertainty of the plates, 24 plates of
the 243 plates were quality controlled. The industry specification for timber fabrica-
tion is e.g. 4 mm tolerance for lengths of 1 m (DIN18203-3). According to a rule of
thumb (Witte and Schmidt, 2006) this yields to a standard deviation of 1 mm for fab-
rication. These specifications are not of importance for this project, since the fabrica-
tion of the plates cannot be restricted to length or cross section. A clear tolerance
specification was not given.

Figure 3: IntelliProbe360™ with the special designed tip
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First of all, the laser tracker has to be aligned to the plate. For that reason, the
CAD model of the plate is integrated into Spatial Analyzer. The software offers a tool
to align the laser tracker to the CAD model. This tool first uses the so called 3-2-1-
Transformation to find a common coordinate system between measurements and
CAD model (New River Kinematics, 2013). Afterwards, a 6 Parameter-
Transformation, which is called Best-Fit-Transformation, is realized. The 3-2-1-
Transformation calculates an approximated solution for stationing. This means a
common coordinate system for CAD and the instrument is created. The first point
measured is the origin; with the second point the x-axis is created and with the third
point the xy-plane is defined. The z-axis is orthogonal to the xy-plane (New River
Kinematics, 2013). For this alignment, a spherically mounted retroreflector (SMR) is
used. In this case the laser tracker operates in the interferometric mode.

After the alignment, the edge points are measured. At each finger joint ten
points are measured with the special designed tip for the IntelliProbe360™. At the
outside section of the plates between three and six points are measured. An example
for the measured points is shown in Fig. 4. All these points are measured discretely.

Ay
Y

Figure 4: Laser tracker measurements of the finger joints

2.2  Analysis Method

After finishing the measurements, the deviations between the measurements and
the CAD model are calculated by the Spatial Analyzer function Relationship. Devia-
tions are visible that are effects caused by the alignment. To minimize these effects, a
function named Minimizing Relationship is used. This calculates the optimal parame-
ters of a 6 parameter transformation by adjustment theory (New River Kinematics,
2013). An iterative algorithm minimizes the standard deviation sz,, over all measured
points of one plate. The standard deviation is calculated as follows:

Spy = ﬁ | @)
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where [ is the deviation between the measurements and the CAD model and n is
the number of the deviations. Global systematic deviations are assumed to be elimi-
nated, because of the before mentioned function Minimizing Relationship. Local sys-
tematic effects are randomized by this function.

For the quality control it is interesting to know if the deviations between the
CAD model and the measurement are significant. For the test, the deviation d, be-
tween the CAD model and the measurement in each direction is divided through the
Sgpy- The test statistic is given by:

dy

SFM

y = (3)

The quantile for the null hypothesis is y,_« = 1,96, with a significance level of
2
5%. This double-sided test assumes the Gaussian distribution. If y <y, _«, the null
2

hypothesis is accepted, which means that the deviations between the measurements
and CAD model are not significant. If the test is not accepted, the deviations are sig-
nificant.

To analyze the deformation between two epochs, one has to consider that it is
not possible to measure the same point in both epochs. This is because the measured
points could not be marked and Spatial Analyzer constructs lines and surfaces from
the measured points. However, it is not possible to compare point measurements di-
rectly. In this case, the average deviation d of the measurements from each inner and
each outer side of the individual finger joint is calculated for both epochs. This aver-
age deviation is subtracted from each other and divided through the root square sum
of the sz, from both epochs. This test induces to a general statement about global de-
formation of a plate. The test statistic is given by

|aepochi_aepochj| (4)

y o 2 2
\/SFMepochi-l-SFMepochj

where i and j are different epoch numbers. Again the test takes the Gaussian dis-

tribution as a basis with a significant level of 5%. The quantile is the same like for

equation (3). If y < y, _a, the null hypothesis is accepted; this means that there are no
2

deformations between the two epochs. Otherwise, if the null hypothesis is not accept-
ed, deformations at the tested edge are significant.

2.3 Results

In Fig. 5 an example of the deviations in 2D is shown. The color bar on the right
side shows the absolute values of the deviations. Most of the deviations are between
0.001 mm and 0.352 mm. All deviations of the plate shown in Fig. 5, are pointing to
the middle of the plate. In comparison to the CAD the plate is smaller than it should
be.
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Figure 5: Example of deviations in 2D

After minimization, an average sg,, for all plates in X- and Y-direction is calcu-
lated. In X-direction the average sg, is 0.292 mm and in X-direction it is 0.332 mm.
This resulting sp for the 24 measured plates in X-direction is 0.28 mm and in Y-
direction 0.32 mm. This leads to a 2D fabrication accuracy of 0.42 mm. For the Z-
direction the accuracy is not calculated because plywood has the tendency to buckle
and dish (Krieg, et al., 2014). So the values in Z-direction are showing an effect, that
Is not fabrication induced.

On the base of the standard deviation for the fabrication the significance of the
deviations can be determined by using equation (3). In Table 1 the number of signifi-
cant deviations in both coordinate directions and their percentage rates are given.

Table 1
Number of significant deviations and the percentage rates
X Y
number 192 167

percentage | 3.6 % 3.1%

Four of the 24 plates are measured three times, because the behavior of the tim-
ber after production, after a long term of storage and after the transport to the build-
ing site should be analyzed. The measurements on the building site where made in a
carport which protects the laser tracker and the plates against solar radiation. The
measuring and analysis process for these measurements is similar to the one for all
24 plates.
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In Table 2 the sg,, per epoch and element is shown. The sg,, changes between
the different epochs up to 0.19 mm. But the minimum and maximum cannot be as-
signed to one designated epoch.

Table 2
spm In different epochs

plate 1 dx [mm] | dy[mm] |2d[mm]
epoch 1 0.346 0.393 0.524
epoch 2 0.286 0.550 0.620
epoch 3 0.301 0.479 0.566
plate 2 dx [mm] | dy[mm] |2d[mm]
epoch 1 0.505 0.508 0.716
epoch 2 0.532 0.470 0.710
epoch 3 0.408 0.281 0.495
plate 3 dx [mm] | dy[mm] |2d[mm]
epoch1l | 0.306 0.210 0.371
epoch 2 0.307 0.191 0.362
epoch 3 0.458 0.264 0.529
plate 4 dx [mm] |dy[mm] |2d[mm]
epoch 1 0.277 0.439 0.519
epoch2 | 0.316 0.531 0.618
epoch 3 0.296 0.564 0.637

For these measurements each plate is tested statistically as described in sec-
tion 2.2. The count of significant deviations is almost equal for the first two epochs.
In the third epoch, there are more significant deviations in X- and Y-direction. The
reason for that is not caused by metrology and cannot be clarified in the current state
of research.

By way of example, the significance of the deviations is controlled for one plate
and one epoch comparison. The first epoch is measured directly after fabrication and
the second epoch on the building site six weeks later. During these six weeks the
plates were stored in a construction hall of the timber constructor. The tested plate is
plate 1 and the null hypothesis is accepted for all 52 edges. This means that there are
no significant deformations between the two epochs.

3. DEFORMATION ANALYSIS OF THE TIMBER PAVILION

3.1 Measurement Instrument and Process

After the pavilion was completely constructed, it should be controlled if the tim-
ber was ageing or deforming with respect to external influences like temperature.
Therefore the pavilion was scanned in three epochs. For geo-referencing a geodetic
network is set up around the pavilion. This network includes five points in a local co-
ordinate system, shown in Fig. 6, and was measured with a tachymeter Leica TS30.
The network was measured in each epoch to ensure that there are no movements in
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the network. In addition to the five points around the pavilion same unmarked points
inside the pavilion were measured.

Figure 6: Location of the reference points

After measuring the geodetic network the pavilion is scanned with the laser
scanner HDS7000 from Leica Geosystems. This phase-shift-based laser scanner de-
livers a point uncertainty below a mm, but does not reach laser tracker accuracy.
Nevertheless a laser scanner was used for the measurements, since it leads to a dense
point cloud and the determination of surfaces and volumes. During the first and the
second epoch an exhibition was implemented inside the pavilion, for that reason it
was necessary to scan the pavilion from six positions. In the third epoch three posi-
tions were sufficient, because the exhibition was finished and disappeared. For regis-
tration and geo-referencing targets were used.

The registration and geo-referencing was carried through using Leica Cyclone.
The registration was realized classically, which means first a rough registration was
made, followed by a fine registration. For the first epoch the mean error for registra-
tion is 2 mm, for the second epoch it is 3 mm. In the third epoch the mean registration
error is 6 mm. For geo-referencing the mean error in the first epoch is 2 mm and for
the third epoch it is 7 mm.

After registration and geo-referencing, the point clouds were filtered and de-
noised. However, all points which are not representing the pavilion were deleted. In
Fig. 7 the original and the cleaned point clouds are presented. For the deformation
analysis the floor of the pavilion is deleted, since it is oscillating due to kinematic
louds e.g. pedestrians.
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Figure 7: Left: original registered point cloud; Right: cleared point cloud
(Wilhelm, 2014)

3.2 Analysis Method

With the freeware JAG3D the adjustment of the geodetic network and the de-
formation analysis is realized. JAG3D uses the Gauf3-Markov-Model for the adjust-
ment; free adjustments are programmed by inner constraint solution (Ldsler, 2014).
Observations are directions, distances and vertical angles, as well as heights of the
reflectors. The approximated coordinates are calculated by polar survey. The results
from epoch 1 and epoch 3 could be used for the geo-referencing of the point clouds
(Schmitt and Schwieger, 2015).

Based on this adjustment the deformation analysis is realized with JAG3D (L6-
sler, 2014) too. The software package is based on the implicit hypothesis. Before
starting the deformation analysis the networks of both epochs are adjusted to detect
measurement errors and to develop the stochastic model. For the congruency analy-
sis, a common adjustment for both epochs is calculated. First the reference points are
checked for invariance before checking the object points. For this check, the defor-
mation vector dy between the two epochs is calculated and tested for significance.
The variance-covariance-matrix Qqq is calculated, too (Losler, 2014). The following
tests were made:

_ dpQuixdk
Tprio,k - mo? ~Fm,oo ) (5)
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_ diQudrdx
Tpost,k - ma2 NFm,f—m ) (6)

with m are the degrees of freedom of the coordinates, o3 is the a priori variance
factor and & is the a posteriori variance factor. Fine OF Fiy -1y are the quantiles of Fish-
er-distribution (Losler, 2014). This method is described in detail in (Jager et al., 2005).

For the deformation analysis of the complete point clouds the cleaned point
clouds are modelled. In this case, a triangulation irregular network (TIN) is calculated
with Geomagic Studio 2012. The advantage is the in a TIN outliers could be detected
and eliminated. Small gaps are closed. With the cleaned TINs the deformation analy-
sis is done using Geomagic Qualify 2012.

For the deformation analysis the first epoch is the reference model. For both
models, the reference model and the test model, the lengths of the normal vectors
were calculated and subtracted from each other to get Ax. The normal vectors are al-
ways showing apart from the scanners. However, positive deformations are shrinkage
and negative deformations are expansion (Wilhelm, 2014).

The significance is realized according to Heunecke et al. (2013). The test value is:

T =121 (7)

GAx

with o, the standard deviation of the detected deviation, which is calculated as
followed, in case of no correlations between the epochs:

GAX = ’G)Z(El + 0)2(E3’ (8)

Oxg; IS the standard deviation of the indicated epochs (i=1,3). They are given by
the law of error propagation:

Oxg; = Jog + ot , 9

with oy as standard deviation of registration, which is 3 mm for the comparison
of the first and second epoch and 6 mm for comparison between the first and the third
epoch. oy, is the standard deviation of single point determination of the laserscans
with 1 mm (Wilhelm, 2014). By means of o, a threshold value can be calculated,
which identifies significant deviations between both epochs. The test value T is
Gaussian distributed and the confidence probability should be 95%. This leads to a
quantile of y;_,/,, = 1,96. The threshold value may be calculated for different proba-
bilities « leading to different quantiles. However, the threshold is set to (Wilhelm,
2014):

|AX| = Y1_% "Opx - (10)
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In the case of the comparison between the first and the third epochs, the tachym-
eter network fot geo-referencing is used. Both TINs are in the same coordinate sys-
tem, so no transformation is necessary and the TINs can be compared directly.

The comparison between the first two epochs is not described here. Some geo-
referencing problems lead to two alternative approaches. The authors refer to Schmitt
and Schwieger (2015) for further information.

3.3 Results

The first and third epochs are compared directly using the geo-referencing
which was realized by the tachymeter network. The standard deviation between both
epochs is g, = 6,9 mm. However, the threshold value is calculated by using equa-
tion (10) to 13.4 mm. The comparison shows that 99.6% of the deviations are in the
range between -2 mm and 2 mm. The deviations are shown in Fig. 8.
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Figure 8: Overview of the results, epoch 3-epoch 1 - Geomagic 2012

4. CONCLUSION

Regarding quality control using the laser tracker the investigation shows that a
fabrication accuracy of around 0.4 mm is reachable. This is proven by a 2D meas-
urement accuracy of around 0.11 mm.

The first test regarding the individual measurements shows the percentage of
significant deviations at the individual plates is up to 3.6 %. Nevertheless, the timber
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constructor had no problems to set up the prototype. These percentage values may be
occurred, where robotics did not work precisely enough or the plate dish or buckle, so
that the robotics did not reach these edges.

Additionally one plate is tested for deformations during storage. The test shows
that there are no significant deformations during six week bearing. The test dealt with
global deformations. Local deformations at the plate could not be detected, since the
measurements at different epochs are not taken at identical points.

For the future the quality control measurement process should be integrated into
the fabrication and construction process to have the possibility to improve the geome-
try of the plates during the fabrication phase.

Regarding deformation analysis using tachymeter and laser scanner, the first and
the third measurements epochs could be geo-referenced directly. For the point cloud
comparison of the two epochs no significant deformations occur.

In the future one has to investigate, how the single plates of the pavilion behave
over time, because the deformation of the single plates vary between the borders of
the plates and the middle of the plates. The question is, if the meshes between the dif-
ferent plates are the reason for the phenomenon or it is the result of the dishing of the
plates.

Additionally a measurement mode and configuration should be developed to
improve the quality of the geo-referencing, because the mean error of the registration
of 7 mm in the third epoch has a big influence on the significance tests.

S. NOTICE

This paper is based on Schmitt (2015) and Schmitt and Schwieger (2015). To a
large extent this contribution follows the two mentioned references word-by-word.
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B craTtbe mpencraBieHbl XapaKTEPUCTUKH, OCOOCHHOCTH W YHUKaJbHas TEXHOJOTHUS a’po-
CbEMKH C HcToNib30BaHneM aspokamepsl A3 Edge. [Ipoananu3upoBaHo UCTIOIHEHHE ABYX OOJBIINX
kaprorpaduaeckux npoektoB ¢ cuctemoit A3 Edge. Onun — ropoacko, as mnenei kaprorpadupo-
Banusi Cankrt-IlerepOypra u BTOpoW — JuIsi 1ened KaprorpadupoBaHUs OOJBIINX JIECHBIX MPO-
ctpancTB Poccun. B craThe mpuBeneHbl pe3ynbTaThl MPAKTUYECKONW MPOU3BOIUTEIBHOCTH BBIMOJ-
HEHUSI TUX TIPOEKTOB.

KaroueBbie cioBa: aspokamepa, A3 Edge, LightSpeed, asporpuanryisius, kaprorpadupo-
BaHue, oprooTo, KaprorpagupoBaHue, IIIAHOBLIE CHUMKH, TIEPCIIEKTUBHBIE CHUMKH.

«BALTAEROSERVICE» AGENCY EXPERIENCE WITH A3 EDGE

Alexander Magarshak
Baltaeroservice agency, 196084, Russia, Sankt Petersburg, 16 Nikolay Tomchak St., technical man-
ager, tel. (812)388-64-44, fax: (812)388-64-44, e-mail: maf@hotbox.ru

Yuri Raizman
VisionMap Ltd., 6971025, Israel, Tel-Aviv, 19 HaBarzel St, VM EMEA and Chief Scientist,
tel. (972)3-6091042, fax: (972)3-6091043, e-mail: yuri@visionmap.com

This paper summarizes the characteristics, features, and unique capture technology of the A3
Edge Digital Mapping System. The paper analyzes two large-scale mapping projects — urban and
forestry - executed in Russia using the A3 Edge System, and summarizes the performance of the
system in each case.

Key words: aerial camera, A3 Edge, LightSpeed, aerialtriangulation, mapping, orthophoto,
vertical images, oblique images.

1. BBenenne

A3 Edge, Hoseiimias cucrema 1udpoBoro kaprorpaduposanus ot VisionMap,
3aBO€BaJIa MIPU3HATEIBLHOCTh BO BCEM MUPE 34 CYET CBOEU BBICOKOM ITPOMU3BOJAUTEIIb-
HOCTH, BBICOKOT'O HA3€MHOI'0 PAa3pEIICHUE U BBICOKOM TOYHOCTHU. AdpOoKaMmepa OCHO-
BaHAa Ha HUCIOJb30BaHUM YHUKAJIHLHOW TEXHOJIOTMH BpAIICHUS IBYX JIMHHOPOKYC-
HBIX TEJECKOIOB. TENECKOIbl MOCTOSHHO CHUMAKOT OTAEIbHBIE KaJpPbl BO BPEMS HUX
BpallleHus TIePIeHIMKYJIIPHO HAIpaBJIECHUIO TMOJIeTa, TEM caMbIM oOecrieurBasi Iu-
POKOE T0JI€ 3pEHUs MPU JTJTUHHOM (POKYCHOM PAaCCTOSIHUMU.
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B coderanuu ¢ cucreMoit aBTomaTiuaeckoii oopadoTku cauMKoB LightSpeed, A3
Edge oOecneunBaeT TONMHYHO TEXHOJIOTHIO  (pOTOrpaMMETPpUUECKUX  paboT.
LightSpeed aBromMaTu4ecku BBIOJHICT a3pOTPHAHTYJISIMIO, paccunThiBaeT [IMM u
CTpoUT opTOo(OTOIIaHkI Ha 0a3e CHUMKOB, Mory4eHHbIX kamepoit A3 Edge. Cucrema
LightSpeed croco6Ha ogHOBpeMEHHO 00pabOTaTh OYEHb OOJIBIIOS KOJUYECTBO ILIa-
HOBBIX U MEPCHEKTUBHBIX CHUMKOB. [Ipu 3TOM oOecrneunBaroTcs BBICOKASI TPOU3BO-
JTUTENBHOCTD U BBICOKAs TOYHOCTH (DOTOTpaMMETPUUECKUX PadoT.

2. O xomnanum AreHrcrBo «baaraspocepsuc»

Kommanus "ArenrctBo banraspocepBuc" aktuBHa Ha PoccHiickoM pbIHKE a’po-
CbEMKU M KapTorpaduu B TeueHue nocienHux 18 mer. Kommanus OGasupyetcs B
Cankr-IlerepOypre u paboraer B ocHoBHOM B CeBepo-3amanHom peruoHe Poccum.
KoMnanust crenuanu3upyercss Ha a’poChbeMKE U KapTorpadupOBaHUU JTUHEHHBIX
00BEKTOB MHPPACTPYKTYPHI U KPYIHBIX JIECHBIX 00bekTOB 17151 Pocnmecundopra. Ha
NPOTSHKEHUM MHOTHX JIET KOMIIaHWS HMCIOJIb30BaJIa PA3IMUHbIE TEXHOJOTUH a’po-
cbEMKU U KapTorpaduposanusa. Komnanus Bianeer camonérom Cessna 210 u umeer
JOCTYII K IPYTUM CaMOJIeTaM JUIsl IPOU3BOJICTBA a3POCHEMKH.

C yBennueHuEeM CIpoca Ha MOCTOSHHO OOHOBIIIEMbIE KapTorpaduyeckue mpo-
IOYKTbI, Ha BBICOKOE HA3€MHOE pa3pelleHHe, Ha IJAHOBHIE U HAKJIOHHBIE CHUMKHU B
TOPOJCKUX palioHax, a TakXkKe JJs Lesield adpoChEMKH U KapTorpadupoBaHUs OYEHb
OonpmMx TeppuTopHii Poccuu, kommanus nproodpena mudposyio cuctemy A3 Edge,
OTBEUAIOIIYI0 BCEM BBIIICTIEPEUNCICHHBIM TPEOOBAHHSIM.

B 2014 rony ¢ ucnons3zoBanueMm A3 Edge koMIaHus BBIOJHUTIA BA IPOCKTA —
a’pocheMKa U co3llaHue oprodoTomiaHoB Ha Teppuroputo Cankr-IlerepOypra u Ha
TEppUTOPUIO OOJBIIKX JIECHBIX MaccuBOB CeBepo-3amama Poccum nns Pocnecun-
dopra.

B pamkax BBITTOJIHEHHUS TOPOJCKOTO MPOEKTa HAI0 OBLIO PEIIUTH OJTHOBPEMEHHO
HECKOJIBKO CIIO’KHBIX 33/1a4: MOJIYYUTh BRICOKOE Ha3eMHOE pa3pelleHue Mpu orpaHu-
YeHUH Ha MUHMMAJIbHYIO BBICOTY MOJIETA HAJ TOPOIOM, HEOOXOAUMOCTh MOITYYECHHUS
B OJIHOM IOJIETE MJIAHOBBIX CHUMKOB Uil OPTO(OTOIJIAHOB M NEPCIIEKTUBHBIX CHUM-
KOB 151 co3aanust 3D-Mozenu ropojia i BU3yanu3aiuu, 1eUIUT XOPOIIIel Moro/ Il B
3TOM paione. [ Takoro mpoekra TpedoBajgach cucTeMa, KOTopas Morja Obl JIeTaTh
Ha OOJIBIINX BBICOTAX, OJHOBPEMEHHO O0ECIeunBas BHICOKOE Ha3eMHOE pa3peLIeHHe,
BBICOKYIO TOYHOCTb M BBICOKYIO NPOM3BOJAUTEIBHOCTD JIJISl POU3BOJICTBA a3POCHEM-
KH B MAaKCHUMAaJIbHO C)KaThIe CPOKH.

B pamMkax BBITIOJTHEHHS BTOPOTO MPOEKTa Haao ObUIO MPOBECTH adPOCHEMKY H
CO3/1aTh I[BETHBIC MH(paKpaCHbIE OPTO(OTOITIAHEI HA TEPPUTOPUU OOJBIITUX JECHBIX
MacCHBOB.

3. Aspocbémra Cankr-IlerepOypra

Anpokamepa A3 Edge, 6iaronaps 1auHHOMY (POKYCHOMY PAacCTOSIHUIO U 0O0JIb-
[IOMY TIOJIFO 3pEHHs, JieTas Ha OOJBIIMX BBICOTaX, OOECIIEUMBAET OUYEHb BBHICOKOE
HA3eMHOE pa3pelieHre U BBICOKYIO IPOU3BOIUTENLHOCTh adpochEMKU. Kpome Toro,
KaMmepa OJHOBPEMEHHO IMO3BOJISIET MOJIy4yaTh IUIAHOBbIE M MEPCIEKTUBHBIE CHUMKH,
4TO AenaeT e€ uaealbHbIM CpeACTBOM i 3D MoAenupoBaHus ropoJIoB.
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[lenpro mpoekTa OBUTO CcO3/aHKE OPTO(POTOIIIAHOB W MOJATOTOBKA IIAHOBBIX U
NIEPCTIICKTUBHBIX OPUEHTHPOBAHHBIX C BBICOKON TOUYHOCTBHIO CHUMKOB JIJIS1 BU3yaJIbHO-
ro 00CJIeI0BaHMS TOPOJICKOW TEPPUTOPUH | IS JalibHeHero co3aanus 3D-momenm
ropojaa. B xone nmpoekTa ObUTH MOJydeHB U 00paOdOTaHbI TUTAHOBBIC U MEPCICKTHB-
HbIE CHUMKH Ha TEPPUTOPHUIO Topoaa obiel miomaapio 2007 KB. KM.

[TerpomaBnoBckast kpenocth, Cankt-IleTepOypr, A3 Edge mianoBbIe n
MEePCIEKTUBHbIE CHUMKH

Aspocbémka npoBoamiack Ha BeicoTe 4000 MeTpoB, 0OecneynB Ha3eMHOE pa3-
pemenue 10 cm. Kpeiicepckas ckopocTs camoneta coctaBuia 260-280 km/gac. Aspo-
CbEMKA BBINIOJIHEHA MEPEKPECTHBIMU MaplIpyTaMu, oOecreunBas BO3MOKHOCTb CO-
3mMaHust OpTOoOTOIIAHOB, pacueTa TioTHoM [IMM, co3manus TekcTypupoBaHHou 3D
MOJEJIA TOPOJA U MOJYyYEHHUs MEPCIIEKTUBHBIX CHUMKOB Ha BCIO TEPPUTOPHUIO rOpoAa.
[TosieT ObLT BHIOJHEH CO CIEAYIOMIUMHU NapaMeTPaMU ChbEMKH:

e[IpononsHoe nepekpoiTue — 60%

e[Tonepeunoe nepexpoitre — 80%

e[lonepeunoe nepcrnektuBHOE NiepekpoiTre — 30%

ePaccrosnane mexy mapmpyramu — 1500 m

e MaxkcumanbHbIN NEPCIEKTUBHBIN yroa — 55°

AnpocnéMka 3ansuia 11 dacoB, ob1iee Bpems moyi€ToB coctaBuio 14 dacos. Bo
BpeMsi moJiIéToB ObuT0 MoydeHo 450 000 maaHOBBIX M NEPCIEKTUBHBIX CHUMKOB.
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4. O0pabdoTka ropoacKoil CbEéMKH

Jlns 0OpaboOTKM JTaHHBIX OBLJIO MCIOJIB30BAHO IMpOTrpaMMHOE obecriedeHue A3
LightSpeed, sastomeecs yactpio cucteMbl A3 Edge. I10 LightSpeed oGecnieunBaet
BbITIOJIHEHUE a’poTpuanryssiiuu (AT), pacuer [IMM u co3nanue opToOTOMIaHOB
B aBTOMAaTHUYECKOM pexxkume. B 3ToM mpoekTe i co3nanus opTo(oToIuiaHoB Oblia
HCIOJIb30BaHa paHee co3nanHas [IMP.

OO6paboTka nanHbiX, BKItoyass AT u co3mganue opTodoToIIaHOB, OblIa MPOBe-
JIeHa B aBTOMaTUYECKOM pekuMe 3a 15 maHeil. TOUHOCTh pe3ylbTHPYIOIUX NPOAYK-
TOB COOTBEeTCTBOBasIa MacmTady 1:2000.

Hcaaxuerckuit Cooop. Cankr-IlerepOypr, A3 Edge mianoBbie
U TIEPCTIEKTUBHBIE CHUMKH

JIns cpaBHeHus, AreHTcTBO «banraspocepsuc» B 2011 roxy BbIOIHUIA MO-
JOOHBINA MPOEKT MO adpPOChEMKE M CO3TaHUIO OPTOQPOTOMIAHOB HA Ty K€ TEPPUTO-
puro. Aspocbémka Oblia BblloHEeHA kaMmepoit PhaseOne u st 06pabOTKU MCIIONb-
3oBasioch 1O Tanka 4.0. Ha o6paboTke B TOM mpoekTe paboTaiio MATh ONEepaTopoB
Ha MpoTsKeHUH mectu mecseB. C cucremoit A3 Best oOpaOoTka 3aHsuia Bcero 15
JHEH ¢ y4aCcTHEM OJJHOTO OrepaTopa.

B pe3ynbTaTe BBINONIHEHUS 3TOrO MPOEKTa ObLIM MOJIY4YeHbl OPUEHTUPOBAHHbBIE
IJIAHOBbIE W TIEPCHEKTUBHBIE I[BETHBIE CHUMKH, U I[BETHBbIE OPTO(OTOILIAHbI, IO-
CTPOCHHBIE TOJIKO W3 IUIAHOBBIX CHUMKOB. Bce CHUMKH, MIaHOBbIE M MEPCHEKTHB-

59



HbIE, B JAJIBHEUIIIEM MOTYT OBITh MCIIOIB30BAHKI VISl CO3/IAHUS TPEXMEPHOU MOEIN
ropojia v JijIsl BEICHNS MOHUTOPUHTA ¥ MHBEHTAPHU3AI[UN TOPOICKON TEPPUTOPHH.

S. A3pocbéMKa 00IIMPHOM JIECHOI TEPPUTOPHUH.

Bropoii mpoekT KOMITaHWH, BBIOJHEHHBIH ¢ cuctemoit A3 Edge, Obu1 00mIHp-
HBIM NIPOEKT I Lejie JecHoro xossucrsa Poccun. Ilnomane secos B Poccuu co-
ctaBisieT 6onee 1,2 mupa. rektap. MHBeHTapu3aiys JeCHBIX YTOJAUM U TaKcalus jeca
POBOJUTCS Kaxablid roj. Kak nmpaBuiio, 11 MHBEHTapHU3alMU UCIOJIb3YIOT CITyTHU-
KOBBIC CHUMKH, a TaKCaIlMs MPOBOJUTCS Ha3eMHBIM criocoooM. A3 Edge texHomorus
Oylaromapsi CBO€i 4pe3BBIYAHO BBICOKOW MPOU3BOIUTEIBLHOCTH a’3PO()OTOCHEMKU H
Ha3eMHOM 00paOOTKH, YCHENIHO KOHKYPHUPYET CO CIYTHUKOBBIMH TEXHOJIOTHSMHU.
Bricokas pazpemiaromiasi cmocOOHOCTh HA MECTHOCTH, BBICOKOE M3MEpPHUTENBHOE Ka-
YECTBO M BBICOKOE Ka4eCTBO M300pakeHus B 1iBeTHOM u MK nmamaszonax, mo3BOJSIIOT
3aMEHUTh TPYJAOEMKHE Ha3eMHBIE METObI TAKCAIIMH JIECOB HAa BHICOKOA((EKTUBHBIC
JTUCTAHITMOHHBIC TEXHOJOTUH.

Jlecnoii paiion. LiBetHoe MK opT0o0TO M IBETHON CHUMOK

B sToM mpoekTe 3a OJuH JETHBIM CE30H OJHUM CaMOJETOM ObLIO OTCHATO 33
490 xB. kM 1BeTHoro U MK nzobpakenus ¢ HazeMHbIM paszpemieHueM 14 cm. Co0-
CTBEHHO a3pOChEMKA 3aHsiIa MEHbIIE 48 4acoB.
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Paccrosinue ot Bpemss  aspo- OOmee Bpems

Ob6nacth g{ﬁ%};laﬂb 0a3sI CBhEMKH nonéra
(xm) (gacr) (uac)

H

OBrOpOACKAsL (ABA YHACTKA) 41 741 250/330 16.0 36.1
IIckoBckas 1 1,290 200 2.4 3.8
JlenuHrpazckas 4,660 170 6.4 10.9
Kapenus 8,750 550 11.9 25.7
ITockoBckas 2 (1Ba ydacTka) 1110 340/320 51 58
ApxaHrenbckas 6,900 530 8.9 20.6
Bcero 33,490 a7.7 102.9

AspochEMKa BBITIOJIHEHA CO CIICIYIOIIUMU TapaMeTpaMu:

eBricora nonéra — 5400 m

eHazemHuas ckopocth — 280 km/gac

elIpononsHOe U TONIEpeuHoe nepekpbiTue — 55% - 70%

ePaccrosiane mexay Mapupyramu — 3000 m

6. O0paboTKa CHbEMKH JICCHOM TEPPUTOPHUH

ABTOMartnyeckass 00paboTka M300paKEHUsI COCTOUT U3 JBYX OCHOBHBIX (POTO-
rpaMMETPUUYECKUX TPOIIECCOB — a3POTPUAHTYJIALMS U CO3JaHHE OPTO(OTOIIAHOB.
st cozmanust opToQOTOIIIAHOB B ATOM MPOEKTE OblIa UCIOJIb30BaHa CYIIECTBYIO-
mtast [IMP. B pe3ynbrare aspochE€MKU U Ha3eMHOM 00pabOTKU ObLIO CO37aHO 4-X TTO0-
nocHoe (1BetHoe + UK) oprodoTo ¢ pazpemenuem 30 cMm. Best oO6pabotka Obuta mpo-
BeJiIeHA B aBTOMaTuyeckoM pexkume nporpammoit A3 LightSpeed. O6mas o6padoTka
ObLa 3aBepIieHa 3a 52 JHsl.

[Tporpammuoe obecnieuenrie A3 LightSpeed nMeeT HECKOIBKO MOIIHBIX XapakK-
tepucTuk. Ilocneanss Bepcus LightSpeed nmoanepxuBaeT 0JHOBPEMEHHOE ypaBHU-
BaHue 10 250000 1U1aHOBBIX UM HAKJIIOHHBIX CHUMKOB B OJHOM OJIOKE. DTO BIIMSET Ha
pasmep OJioka: Jyisi HazeMHOro paspenieHus 30 cM, IPOI0IBHOTO MepeKkphIThst 55% u
nonepeyHoro nepekpritTust 60%, muomans 610ka coctaBut 55000 KB. KM. DTO CBOM-
CTBO MO3BOJISIET 00pa0daThiBaTh OYE€HBL OOJIBIINE TUIOIIAIM B BUJIE €IUHOTO OJIOKa,
obecrieunBasi BBICOKYIO OJHOPOJIHYIO TOYHOCTH B OJIOKE W JMKBUJAIUIO PYUYHBIX
IIPOLIECCOB OOECTICUCHHS CBA3U MEXKIY OTACIbHBIMU OJlokaMu. CTOUT TaKKe YIoMsi-
HYTh aBTOMATUYECKHI MTOUCK CBSI3YIOIIUX TOYEK U aBTOMATUYECKOE CO3JaHUE JIMHUIM
MIOPE30B, XOPOIIO PAbOTAIONIUX J1a)Ke HA TOBEPXHOCTH, MOKPHITON TJIOTHBIM JIECOM.
be3 3Tux MOIIHBIX CBOMCTB aBTOMAaTUYECKOW 00pabOTKU n300pakeHus, aBTOMaTuye-
ckas ¢doTorpaMMmeTprUueckas oOpaboTka Oblia ObI MPOCTO HEBO3MOXKHA. BhICOkas
TOYHOCTh (POTOTPUAHTYNAINMK O0ECIIEUNBACTCS HAIMYMEM MHOXKECTBEHHBIX Tepe-
KPBITHI MEXIy CHUMKAMU M HaJU4YHeM OOJIBIIIOTO KOJMYECTBA CBA3YIOIIMX TOYEK.
Takue mpoliiecchl, Kak aBTOMaTH4YeCKasi KOPPEKIUs SPKOCTH, IIBETA U KOHTPACTHOCTH,
a TaKke ynaJieHUe JAbIMKU, 00ECIeUrnBaOT BHICOKOE Kaue€CTBO M300paKeHUs KOHEU-
HBIX MPOJAYKTOB.
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B crnemyromieit Tab. mpeacTaBiIeHbI MapaMeTPhl MPOU3BOIUTEILHOCTH 00paboT-
KU OOBEKTOB:

O6.1acTE {II(JL%I)uaI[L gg;l\:;)l o0paboTku
Hosropoackas (1Ba ydactka) 10,780 14

IIckoBckas 1 1,290 5

JlenuHrpaackas 4,660 8

Kapenus 8,750 12

ITockoBckas 2 (aBa yyacTka) 1,110 3)

ApxaHrenbckas 6,900 8

Bcero 33,490 52

B pesynbrare BoimonHeHus npoekta, Pociecundopry Obutn mpeacTaBieHbl ciie-
AYIOIME MaTepUabL:

el[BeTHbIe 1M(pOBBIE MH(PAKPACHBIE CHUMKH [JIs1 MPOBEACHUS CTEPEO TaKca-
IIUU ¥ CTEPEO BEKTOPHU3AIHH,

o4-x xananpHbie opTodoTtoruiansl (RGB+UK) Ha Bcio TeppuTOpuio a3pochbEMKU
JUISL LIEJIEU JIECOYCTPOUCTBA

Jlecnoii paiion. LisetHoe UK opTodoTto

7. 3akioueHue

Kommanust «ArentctBo banrtaspocepsucy», ucnonb3ys cucremy A3 Edge,
YCHENIHO 3aBEpIIia BBIIOJHEHHE a’pOChEMKU M CO3/IaHHE OPTO(POTOIUIAHOB Ha
tepputoputo Cankrt-IlerepOypra m oOmupHBIX JecHbIX obOnactelr CeBepo-3arana
Poccun.
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[lepexpécthas aspocvemka Cankrt-IletepOypra mmomaneio 2007 KB. KM €
Ha3eMHbIM paszperieHueM 10 cMm u obecriedeHueM BCEH IIIOMIAU MIAHOBBIMU U TIEP-
CIEKTUBHBIMM CHUMKaMHM 3aHsuia 11 dacos, a aBromatudeckas oOpabotka - 15 gneil.
st a3pOoCHhEMKH JIECHBIX MAacCHUBOB U100 33490 KB. KM C HA3€MHBIM pa3peliie-
HueM 14 cM u nonydyenueM 1BetHbIX U UK cHuMKoOB nmoTpedoBanock meHee 48 yacos,
a aBToMaTH4ecKas oopaboTka Obliia 3aBepliieHa 3a 52 JHs.

OtMeTnM, 4TO a’3pocheMOuHbIid ce30H 2014 roma — 3T0 mEpBBI CaMOCTOSITENb-
HBII OTIBIT UCTIOJIb30BaHUsI Komnanuel komruiekca A3 Edge. C yuerom Toro, 9to Ha
MPOTSIKEHUU BCETO CE30HA MApAJIECILHO C BBIIIOJHEHUEM ITPOU3BOJICTBEHHBIX 3a]1ad,
nuIo oOydYeHHE COTPYAHHKOB Hepe3 CiyxO0y mommepkku VisionMap, Kommanus
"ArentcTBo banraspocepBuc" yaoBIE€TBOpEHA BBICOKOM MPOU3BOAUTEIBHOCTHIO CH-
CTEMBbI, BHICOKUM HAa3€MHBIM Pa3pelICeHHEM M KauyeCTBOM H300pakeHusi. KoHeuHble
MaTepualibl COOTBETCTBOBAJIM TPEOOBAHUSIM 3aKa3yUKA.

© Anexcanop Mazapwax, FOpuii Patizman, 2015
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O NOBbIWEHUU POJIU YHUBEPCUTETOB B PEMHOAYCTPUAJIU3ALIUN
9KOHOMUKHN PETMOHA

Mapuna Heanoena Ananuu

Anmunuctpanust ['ybepnatopa HoBocubupckoir obnmactu u IlpaBurenbctBa HoBocubupckoii
obmactu, 630011, Poccusa, r. HoBocubupck, yin. Kpacuseiii np., 18, momomHuk rybepHaropa
HCO mno Bompocam oO0Opa3oBaHusi, HayKd, MHHOBalMi u wuHBecTHIMUA, Ten. (383)223-04-55,
e-mail: ami@nso.ru

PaccmaTpuBaroTcst mpobieMbl peuHAYCTpUAIU3alud SKOHOMUKH PEruoHa U IPUOPHUTETOB
TEXHOJIOTMYECKOTO Pa3BUTHSI, TPUBEACHBI PE3yJIbTaThl UCCICAOBAHUS MHEHHUM CTYJIEHTOB U IIPEMo-
JaBaTesiel O POJIM YHUBEPCUTETOB B TpaHc(epe TEeXHOJIOTUN, MPEJIOKEHbI MEPBI IO YKPETICHUIO
POJIM YHUBEPCUTETOB B pealii3alliy IPOrpaMMbl PEUHIYCTPUATN3ALMA SKOHOMUKH PErHoHA.

KuroueBrblie ¢j10Ba: peMHAYCTPHAIN3ALNsl, TEXHOJIOTHYECKOE PAa3BUTHE, UHHOBALIUH, TPAHC-
(dep TeXHOJIOrui, HOBbIE HHAYCTPUH, UMIIOPTO3aMELIEHUE, YHUBEPCUTET, IOArOTOBKA KaJpOB VIS
BBICOKOTEXHOJIOTUYHOTO IIPOU3BO/ICTBA.

ABOUT INCREASE OF THE ROLE OF UNIVERSITIES IN REINDUSTRIALIZATION OF
ECONOMY OF THE REGION

Marina I. Ananich
Government of Novosibirsk region, 630011, Russia, Novosibirsk, 18 Krasniy pr., Assistant to the
Governor, tel. (383)223-04-55, e-mail: ami@nso.ru

There are considered the problems of region's economy and priorities of technological devel-
opment, There are the results of the research of the students’ and teacher’s opinion about the role of
universities in transfers of technologies, There are proposed the measures to strengthen the role of
the universities in the realization of program of reindustrialization of region economy.

Key words: reindustrialization, technological development, innovations, technology trans-
fers, new industries, import substitution, training for hi-tech production.

B Hacrosiiee Bpemsl B LIEJIOM OIPEAEIICHBl IPHOPUTETHI U OPUEHTUP HA TEXHO-
JIOTUYECKHUI MTPOPBIB, TEXHOJIOTUYECKOE JIMJIEPCTBO CTPAHBI U PETMOHOB.

Crparerust uHHOBalIMOHHOTO pa3BuTusi Poccuiickoir denepannu Ha niepuos A0
2020 yrBepxknaena 8.12.2011 pacnopstxkennem IlpaBurensctBa Poccum Ne2227-p. B
HEW YYUTBIBAIOTCS HOBBIE HAIIPABJIEHUS MOJIUTUKHU MOJACPKKH UHHOBAIMH, chopMu-
pOBaHa OCHOBAa HAallMOHAJIbHOM MHHOBALIMOHHON CHUCTEMBbI, MEPHI M0 Pa3BUTHIO CEK-
TOpa UCCIEAOBAHUN U pa3pabOTOK, (POPMHUPOBAHUIO WHHOBAILIMOHHON MH(PACTPyK-
TYpBbI, @ TaK’Ke MO0 MOJIEPHU3AIMN SKOHOMUKH Ha OCHOBE TEXHOJOTMYECKUX MHHOBA-
. [Ipy 3TOM ocTaroTcs He BIIOJIHE PEHIEHHBIMU BOIPOCHI, CBSI3aHHBIE ¢ POPMUPO-
BaHWEM PBIHKOB JJII HOBOM MPOAYKIMH, CTUMYJIMPOBAHUEM CIIPOCAa HA MHHOBALUU
B PEAUIBHOM CEKTOPE 3KOHOMMKH, YCKOPEHHEM IpOliecCa MHTErPALUMA POCCUNUCKON
MHHOBALlMOHHOM CUCTEMBI B MUPOBYIO CUCTEMY, CO3/IaHHEM KOHKYPEHTHOW Cpelbl,
OpUEHTHUPOBAHHOW HA TEXHOJIOTUYECKOE JIUAEPCTBO. ITO CBS3aHO C MpeoliIalaHueM
B MHHOBAIIMOHHOM MOJINTUKE MEP MO MOAJEP’KKE TaKUX CHCTEMOOOpaszyrommx (ak-
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TOPOB, KaK pa3BUTHE MPEANPUHUMATENIbCTBA, CO3JaHUE WHHOBAIMOHHOM HH(pa-
CTPYKTYpBbI, oOeclieyeHue 3alUThl UHTEUIEKTYaIbHON COOCTBEHHOCTH, TO €CTh aK-
TUBU3ALIMM WHHOBALIMOHHOM NIESATENIBHOCTH OT HAYKU K MPOU3BOACTBY, U HEIOCTa-
TOYHOCTBIO MEP MO MOJAEPKKE U COMMPOBOXKICHUIO HOBBIX IIPOJIYKTOB U TEXHOJIOTHIA
OT MPOM3BOJCTBA K PBIHKY, KOHEUYHOMY moTpeodurento. [Ipu 3ToM B ycioBusX
000CTpEeHHSI MEXKIYHAPOAHOW KOHKYPEHIIMH, aKTHUBU3ALMHU MPAKTUKH MPUMEHEHUS
OJTHOCTOPOHHUX JKOHOMHYECKUX CAHKIWK TEXHOJOTHMYECKOE Pa3BUTHUE 3KOHOMHUKH
CTpaHbl U PETUOHOB MPUOOPETAIOT KAYECTBEHHO HOBOE 3HAUEHUE.

Ha coBpeMeHHOM 3Tane B eNsIX MOJEPHU3ALNHA U TEXHOJIOTUYECKOTO Pa3BUTHS
SKOHOMUKH M MOBBIIIEHUS €€ KOHKypeHTocrocoOHocTH B 2011 r. IIpesuaentom Poc-
curickon dPenepanuu ONpeNesIeHbl NMPUOPUTETHBIE HAIIPABICHUSI PA3BUTUS HAYKH,
TEXHOJIOTHN 1 TeXHUKHU B Poccuiickonn denepannn, a TakKe MepeyeHb KPUTUUECKUX
texHosoruii Poccuiickoit ®eneparuu. Cpeau MPUOPUTETHBIX HAMpaBIICHUN: 0€3-
OMACHOCTbh M MPOTUBOJCHCTBUE TEPPOPU3MY; UHIYCTPUS HAaHOCHCTEM; HH(pOpMaLu-
OHHO — TEJIEKOMMYHUKAIIMOHHBIE CUCTEMBI; HAYKH O JKU3HU; NEPCIEKTUBHBIC BUIbI
BOOPY>KCHHI, BOCHHON M CHELUAIbHOW TEXHUKH; PAllMOHAIBHOE MPUPOIOIOIIb30Ba-
HHUE; TPAHCIOPTHBIE U KOCMUYECKHE CHCTEMBI; 3HEProd((HeKTUBHOCTh, dHEProcoe-
pEeXEHUE, sIIepHAst SHEPTETHKA.

B nexabpe 2012 r. Ilpesunentom Poccuiickoii deneparuu gaHO MOPYUYSHUE
IIpaBurenscTBY Poccuiickori denepanrii COBMECTHO C IPEACTABUTEINSAMU HAyKU U
Ou3Heca pa3paboTaTh U YTBEPAUTH "JAOPOKHBIE KapThl" MO Pa3BUTHIO HOBBIX OTpacC-
JeH, B TOM YHCIIE€ B TAKUX 00JIACTSX, KaK MMPOU3BOACTBO KOMIIO3UTHBIX MAaTEpUasIOB,
OMOTEXHOJIOTHH, TeHHas HHkeHepus, U T-TexHosoruu, rpaocTpOUTENbCTBO, UHKU-
HUPUHT U MPOMBIIUIEHHBIA JU3aiiH (epeyeHb nopydeHuid ot 22 nexkadbpsa 2012 r. Ne
IIp-3410 no peasmsaumu Ilocmanus Ilpesunenta Poccuiickon Penepanum Dene-
pansHoMy CoGpanuto Poccutickoit denepanuu ot 12 nexadbps 2012 r.).

Peanm3anus ”THHOBAIIMOHHOW MOJUTUKH HOBOCHOMpPCKON 001acTH B LIEJIOM OT-
paXkaeT TEHJICHLIUH Pa3BUTHUs MHHOBAILMOHHOM »KOoHOMHMKH Poccuu. Crnemyer otme-
TUTh 3aKOHOZATEJIbHbIC MHUIMATUBBI MOJEPKKA HAYYHOM NEATEIIBHOCTH U pa3BU-
TUSI THHOBAllMOHHOM CHCTEMBI, a TAKXXE IJIAHOMEPHOE U YCIIEIHOE Pa3BUTHUE UHHO-
BanioHHOM uHppacTpykTrypsl. Tak B 2013 roay Texnonmapk HoBocuOupckoro Aka-
JNEMIopoJIKa MPU3HAH JTy4dlnM TexHonapkoMm Poccun, a B 2014 rogy otmedeHa naes-
TEIBHOCTh MEIUIMHCKOIO TEXHOIApKa, CO3JaHHOIO Ha IMPHUHIMIAX I'OCYyAapCTBEH-
Ho-yacTHOTO nmaptHepcrBa. C 2003 roxa yCHnemHoO pa3BUBAETCA YETBEPTHIM HAYKO-
rpax crpanbl B r.KonpmoBo, B KOTOpoM cTpoutcsi buorexnonapk. llomyumn mon-
JepPKKy 00beIMHEHHBIN pernoHanbHbIi Kinactep | T u GuoTexHosoruit.

[lo pe3ynbraraMm peanu3alid UWHHOBAIIMOHHOM monuTUKM HoBocuOUpCK BKIIO-
YCH B IIOPT-JIMCT BCeMUPHOTO peiTHHra WHHOBAIMOHHBIX ropojoB — Innovation
Cities Global Index 2012 — 2013 (biznes-portal.com) B moarpymme Node — «VY3en,
00J1aIafOIIHMI MITUPOKOH MPOU3BOAUTEIIFHOCTHIO BO MHOTHX CErMEHTAaX WHHOBAITUH, C
CEPBhE3HBIMH JHCOTaHCAMID.

OTmedeHHbIe TUCOANaHChI CBA3aHbI, MPEXKIE BCETO, C HECUCTEMHBIMH MEpaMH
CTUMYJIMPOBAHUS CIIPOCA Ha WHHOBALWW, MOBBIIICHHWS MOTHUBAallMM K TEXHOJIOTMYE-
CKOMY Pa3BUTHIO OTpaciiedl, MOJATOTOBKU KaJpOB, ONPEAETICHUs POIH CyObEKTOB B3a-
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MMOJEICTBUS MO BONPOCAM MHHOBALMOHHOW JIESITEIbBHOCTH, B TOM YUCJIE YHUBEPCH-
TETOB, (POPMUPOBAHUS JJIMHHBIX LIETIOYEK CO3JaHUsl, MPOU3BOJICTBA U MPOJIBHKEHHUS
Ha PHIHOK HOBBIX BBICOKOTEXHOJOTHYHBIX IIPOITYKTOB.

B Hacrosiiiee BpeMs BBISIBIEH psiJl MPOOJIeM TEXHOJIOTUYECKOTO Pa3BUTHUS PETHU-
OHa:

I. CTpykTypa SKOHOMHMKH XapaKTEPHU3YETCS OTHOCUTEIBHO HU3KHM YPOBHEM
co3faHusi 10OABIEHHOW CTOMMOCTH. HH30K ypOBEHb WHHOBAIlMOHHOW aKTHUBHOCTU
MPEAIPUATAN U OPTaHU3ALUH.

2. TexHONOrM4eCcKOe OTCTABAHUE M KaK CIEACTBUE HEKOHKYPEHTOCHOCOOHOCTH
BBIITYCKAEeMOH MPOIYKITMH\YCITyT Ha TJI00AThHBIX PHIHKAX.

3. HegocraTouno 3¢(ekTHBHBI MEXaHU3MBbI B3aMMOJICHCTBHS HayKd U OH3HECa
C 1IeNIbI0  pa3pabOTKU U BHEAPEHUSI KOHKYPEHTOCTIOCOOHBIX TEXHOJIOTHI B POU3BO/I-
CTBO.

4. CnalOblil ypOBEHb CIIEUANIM3AIMH U KOOIIEPAIH, YTO BEAET K POCTY U3JEp-
KEK, CHUKAET TMOKOCTh MPEANPUATUI NIPU POCTE HEOIPEIEICHHOCTH BHEIIHEH cpe-
IBI.

5. HemoctatouHnoe pa3BuTHE MHHOBAIIMOHHOW WMH(PACTPYKTYphI, a TaKKe HH-
(pacTpyKTypbl TEXHOJOTUYECKOTO 00ECIEUEHHUs, B IEPBYIO OUEpPEaAb UHKUHUPUHIO-
BBIE IICHTPBI.

6. JlepUIUT UHBECTULIMOHHBIX PECYPCOB, BHICOKA CTOMMOCTb 3a€MHBIX (PUHAH-
COBBIX PECYPCOB ISl Pa3BUTUS W MOJEPHU3ALMU IPOU3BOJACTB, OCBOEHUS HOBOU
MPOTYKLHUH.

7. JlepuuuT BBICOKOKBATU(UUIMPOBAHHBIX KaJpPOB JJII HOBOM SKOHOMHUKH, OC-
HOBAHHOW HA 3HAHUSX.

8. OTcTaBaHue COLMOKYIBTYPHOU Cpelibl OT TpeOOBAHUI IKOHOMUKHU 3HAHUH.

B cBsi3U ¢ BBIIEU3NIO0KEHHBIM aKTyalbHBIM IPUOPUTETOM B MOJIUTUKE PETHOHA
CTAHOBHUTHCS HOBas IMPOMBIIUICHHAS MOJIUTUKA, PEUHAYCTPUAINA3ALNS 3KOHOMUKHU
HoBocubupckoit odnactwu.

Peunpycrpuanuzanus, Kak 3KOHOMUYECKAs! MMOJIUTUKA, HAIIPABIICHHAS HA Pa3BU-
THE HOBBIX BBICOKOTEXHOJIOTMYECKUX MTPOU3BOACTB, 3aMELIAOIIMX MTPEXKHUE U (WIIH)
CITOCOOCTBYIOIIMX MX IMEPEBOJy Ha HOBYIO TEXHOJOTMYECKYyr0 0a3y, TpedyeT dop-
MUPOBaHHSI HOBBIX IOAXOJ0B B IMOCTPOCHUU W pEAIM3alUHM CTPATETUH HAYYHO-
TEXHUYECKOTO M TEXHOJIOTUYECKOTO Pa3BUTHUS PErroHa, BKJIOYas BbIOOp MpHOpUTE-
TOB U U3MEHEHUE CTPYKTYPbl IKOHOMHKH B CTOPOHY Pa3BUTHS BBICOKOTEXHOJIOTHY-
HBIX MPOU3BOJCTB U HOBBIX PHIHKOB.

JInst cyObEKTOB, YYaCTBYIOIIMX B pealn3aiiii 0003HAYEHHOUN MOJIUTUKH (Opra-
HU3alMi HayKu, oOpa3oBaHusi, OM3Heca, HHOPACTPYKTYPHI U Jp.) BakHA d(PPeKTrB-
Has MOJIeJIb B3aUMOJICUCTBUS U paclpeaesieHus pojei u pyHkuuii. B co3gasmerics
HKOHOMHUYECKON CUTyallud, OMHUPASICh HA HOBbIE OPUEHTUPHI U MPUOPUTETHI TOJHU-
tuku Poccuu onopoit npeoOpa3oBaHmii U PEeICHHs 3a/1a4 PEUHIYCTPUATH3AINN KO-
HOMUKHU PETMOHOB MOTYT CTaTh YHUBEpPCUTETHL. (CleAyeT BBIACIUTH Psiji Harpaslie-
HUH JeSTeNIbHOCTH BBICIIEH IIKOJIbI, HEOOXOAUMBIX JIJIsl 00ECIEUEeHUs TEXHOJIOTHY e-
CKOI'O Pa3BHUTHSI PETHOHA:
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1. TloaroroBka KajapoB JJisl pEUHAYCTpUATU3AIlUi SKOHOMUKHU PErMOHA, CO3/1a-
HUSl HOBBIX MHJIyCTPUM, pOOOTOTEXHHUUYECKHE MPOU3BOCTBA, BHICOKOTEXHOIOTUYHBIX
IPOJYKTOB U YCIYT, MOIEPHU3ALMU MPOU3BOACTB, TEXHOJIOTMYECKOTO PA3BUTHUSA OT-
pacieil, BHeIpEeHUsI HOBBIX TEXHOJIOTHI U MPOIYKTOB B OBIT U UX IKCIOPT.

2. CoznaHue MHHOBAIIMOHHOM Cpe/ibl, OPUEHTUPOBAHHON Ha IMOJHBIA LUK OT
Hay4HBIX MCCJIEAOBAHUN 10 CO3AAHUSA HOBBIX KOHKYPEHTHBIX TEXHOJIOTHM, MPOMYK-
TOB W YCJIYT Ha OCHOBE MHTEJUIEKTYaJbHON COOCTBEHHOCTH M CUCTEMBI €€ KOMMEp-
AAJIM3AIUH.

3. Pa3Butne mpennmpuHUMATEIHCTBA B MOJIOJCKHOW Cpele depe3 MPOCKTHOE
00y4yeHHEe CTYJICHTOB U aCHUPAHTOB MO CO3JAaHUIO0 U MPOABUKEHHUIO BHICOKOTEXHOJIO-
TUYHBIX MIPOJYKTOB.

4. Pa3ButHe yNpaBICHYECKON KYIbTYPHI, (OPMHUPOBAHUE JTUACPCKUX KOMIIC-
TEHIIUI 1 KOMaHJ000pa30BaHusl.

5. Pa3BuTHE TEXHOJOTUYECKOrO MMAPTHEPCTBA, YKPEIUIEHHWE CBSI3€H MEXIY
NPEANPUATASIMA U HCCIEAOBATEIIbCKUMU U 00pa30BaTEIbHBIMU OpPraHU3AIMIMU, B
TOM YHCJIE COBMECTHOE (DMHAHCHPOBAHUE Mepeayll TEXHOJOTUN; ayTCOPCUHTA BbI-
COKOTE€XHOJIOTUYHBIX YCIYT.

6. Co3naHue W MPOJABUKEHUE BBHICOKOTEXHOJIOTUYHBIX KOMITAHHM B COOTBET-
ctBuu ¢ O3 — 217.

7. CoznaHue u pa3BUTHE MPEANPUHUMATEIbCKUX CETEH U MHHOBAIIMOHHOW WH-
bpacTpykTypbl (OU3HEC-UHKYOATOPHI, TEXHOMAPKHU, IIEHTPHI TpaHchepa TEXHOIOTUM
LIEHTPHI PA3BUTHUSI MHHOBAITMOHHBIX KOMIIETEHIINHI U JIp.).

8. ®dopmmpoBaHUE MOJOKUTEIHHOTO 00pa3a HAYIHOTO JeATeNs, pa3paboTIHKa,
KOHCTPYKTOpa, TEXHOJIOTa, MTHHOBATOpa Yepe3 MPOBEJCHNE KOHKYPCOB U JIEMOHCTpa-
MM YCTIIEXOB U MOJIOKUTENBHOTO omnbiTa B CMU 1 colmanbHbIX CETSX.

9. Opranmzaius COOCTBEHHBIX M yYacTHE B MEKIYHApOIHBIX, HAIIMOHATBHBIX
U PETUOHAIBHBIX (POPYMOB TEXHOJOTUYECKOTO PA3BUTUS U NHHOBAIIMOHHBIX.

ITpu 3TOM, peanmuzanus 3a4ad PEUHIYCTPUATU3ALNN SKOHOMUKH PETHOHA Tpe-
OyeT TOTOBHOCTH YHHUBEPCUTETOB K 0003HAUYEHHBIM BHUAM JEATEIBHOCTH, a TAKKe
COOTBETCTBYIOIINX KOMIIETEHIINI YYaCTHUKOB MPOIIECCa.

C uenplo BBISBICHUSI OTHOLIEHUS K BOIIPOCAM MHHOBAIMOHHOM JIEATEIIBHOCTH,
TEXHOJIOTUYECKOTO Pa3BUTHS U PEUHAYCTPHUANIN3ALNA SKOHOMUKHA PETHOHA MTPOBEIE-
HO aHKETUPOBAHHME YYACTHUKOB KpyTiioro croyia «Hayka, oOpa3oBaHye 1 MHHOBAIIMH:
npo0JieMbl U MEPCIEKTUBBIY, MpoBeAeHHOTO B jnekadpe 2014 roga HoBocubupckoi
peruoHaibHOM 00IIeCTBEeHHON opranu3anueii O0IepocCuiickoi 0OIIIECTBEHHOU Op-
ranuzanuu — OomecTBo «3Hanue» Poccun mpu nogaepsxkke [IpaButennctBa HoBocu-
oupckoii obnactu 1 HoBocubupckoro obsactHoro GpoHaa MoAAep KU HAyKH U MH-
HOBAIMOHHOW JiesTenbHOCTH. Cpenn 85 ydacTHUKOB U3 12 TOoCylIapCTBEHHBIX U 4a-
CThIX BY30B I'yMaHUTApHOT'O, SKOHOMHUYECKOI0, apXUTEKTYPHOTO, HOPUIUYECKOTO U
TEXHUYECKOT0 HANpaBJICHUN MOATOTOBKU KaJpPOB, OTBETUBIINX HA BOMPOCHI AHKETHI,
55 cryaenToB u actiupantos, 30 ITIIC.

Pe3ynprartel JaHHOrO MCCIIEIOBaHWSI MHEHUN NPEACTABUTEIEH BBICIICH IIKOJIBI
MOKA3bIBAIOT, YTO OTHOIIEHHE K TEXHOJOTMYECKOMY Pa3BUTHIO B CTYAEHUYECKOU M
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MpenoaaBaTesbCKON cpe/ie He B TOJHONW Mepe OPHUEHTHPOBAHO Ha BBHIIIOJIHEHUE paHEee
0003HaYEHHOU POJIM YHUBEPCUTETOB.

B yvactHOCTH Ha Bompoc 0 paHkupoBaHUU AG(OEKTUBHBIX BUIOB JIEATEILHOCTH
By3a CTyAeHTHl W3 10 mo3unuii nocTaBwiIM Ha 9 MecTo co3maHue Kommnanuii mo 217-
@3, Ha 8§ - TpaHchep TeXHOJOTUM, HAa 7 - pa3BUTHE TEXHOJIOTMYECKOTO MpEeIpUHU-
MaTenbcTBa. [Ipu 3TOM Ha MepBOM MecTe — 0Ka3ajloCch MpoBe/eHuE KOH(epeHIui, Ha
BTOPOM — HAay4yHbI€ HCCIIEJIOBaHMS, Ha TPETbeM — IMOATOTOBKA JUIIJIOMHUPOBAHHBIX
cnenuanuctoB. [lo MHeHHIO MpenoaaBaTenell TpaHcep TEXHOIOTUN 3aHUMAET Cpean
3¢ (HEeKTHBHBIX BUIOB AesaTensHOCTH By30B 10 mecto u3 10.

Ha Bompoc 00 yyacTuu B peanu3allii MHHOBAIIMOHHOW JESATENbHOCTH, U3 55
CTYJICHTOB OTMETHIIH, YTO CAMOCTOSITEIHLHO MOTYT 25% - pa3paboTaTh au3aiiH, 25% -
MIPOBECTH HaydyHOE ucciemoBanue, 16% - paspaborars OuzHec 1uad. C ydactrem
npenogasareneit 30% - mpoBecTH HayyHOE HcclienoBanue, 23% - NPoOBECTH MapKe-
TUHTOBOE uccienoBanue, 21% - popmupoBars kommanuu. C Ou3Hec-apTHEPAMHU
21% - mpousBecTu mo3uiMoHupoBanue, 18% - paspaborate OuszHec-tuian, 15% -
MOJITOTOBUTh TEXHUYECKYIO JIOKYMEHTaluio. B TexHomapkax win Ou3Hec-
UHKyOaTopax rotoBsl 24% - 3aHUMAThCS TpaHcPEpoM TexHoJoTHi, 16% MoaydnuTh
KOHCAJITHUHT MO TEXHOJIOTHYECKOMY MpEINPUHUMATEILCTBY, 15% - ydacTBOBaTh B
reHepanuy WHHOBalui. Takue BUJIbI IEATETbHOCTH KaK MaTEHTHBIN MOUCK, MPOJIBU-
KEHUE MPOAYKTa, pazpaboTKa HOBOTO MPOAYKTA WJIM TEXHOJOTUW MOTyduu Oosee
HU3KHE TTO3UIINH.

Cpenu BUAOB MOJACPKKA WHHOBAIIMOHHOM NEATEIHHOCTH Y CTYICHTOB MECTa
pacnpeneneHbl ClIeAyomuM o0pa3oM: Ha IEPBOM - Pa3BUTHE MH(PPACTPYKTYpHI, HA
BTOPOM — (pMHAHCOBAs MOJAEPKKA, HA TPEThEM — KOHKYpchl. JJis mpenogaBaTeneit
OopraHu3alMoHHasA, (UHAHCOBAsA, WHOPACTPYKTYpHAs, TEXHOJOTHYECKAs W KOHCa-
TUHTOBAs MOJIZIEPIKKA OKA3aJiCh Ha OJTHOM YPOBHE 3HAYUMOCTH.

CtyaeHTsl ¥ TpenoaBaTeIn OTMETIIIA TaKkKe, YTO JJIS Pa3BUTUSI TEXHOJIOTHYe-
CKOTO TPEINPUHUMATEIHCTBA HYKHBI CIHEIMaIbHbIe 00pa30BaTeIbHbIE MPOrPAMMBI,
KaK BKJIFOUCHHbIE B 00pa30BaTENbHBIN MpOIEcCe B By3€, TaK U HA MPEANPUITUIX U
CHeIUaIbHBIX TUIOMIAAKaX HHHOBAIIMOHHON HH(GPACTPYKTYPHI.

B pesynbTaTe onpoc BBISIBICHO, YTO MOHSATHE «PEUHIYCTPUATU3ALNS WUICHTHU-
durnupyercs ¢ pasnIuYHBIMU (HOPMYITUPOBKAMHU, HAIPUMEp, IJIsi CTYJEHTOB Ha TEp-
BOM MECTE «BHEJPEHHE HOBBIX TEXHOJOTHH B MPOU3BOACTBO», HA BTOPOM «BHEIpE-
HUE HOBBIX TEXHOJIOTHH B JKM3HBY», HA TPEThbeM «(HOPMHUPOBAHKE HOBOW TEXHOJIOTH-
YECKON MHHITMATHBBD), HA YETBEPTOM «IIOJTOTOBKA KAJPOB IS BRICOKOTEXHOJIOTHY-
HBIX KJIACTEPOBY», Ha IMSITOM «CHUCTEMa CTUMYJHUPOBAHHS CIIPOCca HA MHHOBAIMMY, HA
[IIECTOM — «TIePEBOOPYKEHUE MpeanpusaTHiy. g mpenonaBareneit MHEHUS pasjie-
JUIACh MEXAY TMOHSATHSIMH «CHCTEMa CTHMYJIUPOBAHHUS CIPOCa HAa MHHOBAITUNY) M
«IIEPEBOOPYKEHUE NPEATIPUATHIN.

Takum oOpa3om, B HacTosImee BpeMs TpeOyeTcsl aganTaius CucTeMbl mpodec-
CHOHAJIBHOTO 00pa30BaHUs O] MOTPEOHOCTH HOBOW KOHOMHKHU U TIOBBIIIICHUE Ka-
YecTBa TOJTOTOBKH KaJpOB 4Yepe3 pa3BUTHE MAapPTHEPCTBA IO B3aMMOJICHCTBHUIO C
akagemudyeckumu uHcturyramu CO PAH, orpacneBsimu HUU, kpynHbIM, cpeHUM
1 ManibiM Ou3HecoM. C ipyroit CTOpOHBI HEOOXOAMMa pa3padoTKa KaJIpOBOM MOTUTH-
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KM, 00ECTIeunBaOIIeH TOCTIKEHNE HAMEUEHHBIX 1EeNe PeUHIyCTpHAIN3alUUd KO-
HOMMKHU Ha OCHOBE 3(P(HEKTUBHO (PYHKIIMOHUPYIOUIEH MOJIETN B3aUMOJEHCTBUSA TOC-
yIapCTBEHHBIX OPTaHOB, OM3HECA U HAYKHU.

B nacrosimiee Bpems psig BeayluX 3KcrepToB Poccun, K MHEHUIO KOTOPBIX MPHU-
COEJIMHSIETCS] aBTOP CTaThU U psifl skcrepToB HoBocuOupckoit o0nactu, mnpejaraior
U3MEHUTH BEKTOP NESITEIBbHOCTH BY30B UEpPE3 U3MEHEHHUE UX MUCCHH. Y HUBEPCHUTE-
TaM OTBOAMTCS POJIb HENOCTAIONIETO 3BE€HA B TMEpexoje HayuyHOH pa3pabOTKH OT
(GyHIaMEeHTaIbHOM HayKH B TTPOU3BOJICTBO.

IIo MHEHMIO 3aMECTHUTEINI T€HEPAIBHOIO JIHPEKTOPA, IUPEKTOpPa IMPOEKTHOTO
odpuca PBK Ky3znerona E.b., aktuBHas AesTeNHHOCTD IO TpaHCHEPY TEXHOIOTHH HE
TOJIBKO 00€CIEUNBAET YHUBEPCUTETHI JTONOJHUTEIbHBIM MCTOYHUKOM J0XO0/a, HO U
MOMOTaeT UM JIy4Yllle TOHUMATh HYXJIbl OM3HEC-COOOIIECTBA U pa3BUBaTh MHOT000E-
njaromue GyHaaMeHTaIbHbIE UCCIEI0BAHNS B KOMMEPUYECKH BBITOAHBIE ITPOTYKTHI.

«By3b1 B Poccun crpemsites 3apabarbiBaTh Ha 00yYEHUU U MCCIIEIOBAaHUAX (TIe
rocyJapcTBO HE CKYMHUTCS Ha TPAHTHI), HO HE HAa TEXHOJOTUYECKHUX pazpadorkax. Mc-
cienoBaTeslb — 3TO Apyras padoTa, yem nHHoBatop.Korna ceryror Ha TO, 4TO poc-
CUHCKHE YHUBEPCUTEThI Ha PBHIHKE MHHOBAIMKM CJa00 MPEACTABJICHBI, TO OOBIYHO
UMEIOT B BUJlY, YTO Y HUX HET WJIM [MOYTH HET OMNbITA TEXHOJIOTMYECKOTO KOHCAITHH-
ra» - nupektop donnaa “Llentp crparernyeckux pazpaborox  «CeBepo-3amany”
Brnagumup Kasiruau.

Aprtewm llagpun - tupeKkTop AenapTaMeHTa HHHOBAIUOHHOTO — Pa3BUTHS
MunskoHOMpa3BuTHs Poccuu, Takke CUMTAET, UTO HEOOXOAUMOCTh 00JIee IIIyOOKOM
KOOpPJIMHALIMM MHHOBALIMOHHOM AESTENbHOCTH BO3HUKJIIA IOTOMY, YTO Yy Hac OblIa co-
3/1aHa MHHOBAlIMOHHAs1 UH(PACTPYKTypa, HO HE OBLIO CIEUUATUCTOB, KOTOPbIE MOT-
71 Obl Ha MPAKTUKE MOMOraTh By3aM KOMMEPLHAIU3UPOBATH TEXHOJIOTUU. OH OTMe-
YaeT TaKXke, YTO KOOpAHHAIMSA pabOThl BY30B C TEXHOINAPKAMM, KJlaCTepaMu, MHXKU-
HUPUHTOBBIMU IIEHTPaMU M TOCKOMIIAHWSMH BEJach M paHbIIE HA YpPOBHE MHHU-
CTEPCTB M pabOUUX TPYIII, HO MpakTH4YecKas: paboTa Oblia ciaboi.

Takum o0pa3om, B HacTosIIIee BpEMs aKTyallbHOM 3a/1aueil SABJISETCS N3MEHEHHE
POJIM YHUBEPCUTETOB, BHICOKMN 00pa30BaTENbHBINA W HAYYHBIA MOTEHIIMAT KOTOPHIX
NO3BOJISIET BKJIKOYUTHCS B IPOLIECCHI HE TOJBKO IMOATOTOBKHM KaJIpOB, MPOBEICHUE
HAy4YHBIX HMCCJIEIOBAaHUN U pa3pabOTOK, TEHepallid WHHOBAIMMA, HO W TpaHcdepa
TE€XHOJIOTU, COMPOBOKICHHSI HOBBIX MPOAYKTOB M TEXHOJIOTMH OT MPOU3BOJICTBA K
PBIHKY, KOHEUHOMY noTpeduTento. [Ipu 3ToM ocoboe MecTo B AeSTENBHOCTH YHUBEP-
CUTETOB HEOOXOJAMMO OTBECTH OOYUEHHUIO B paMKax o0pa3oBaTeIbHOro Mpoliecca Bo-
KpYyT MPOEKTOB C KOMMEpIHANIU3aluell HHTEIEKTYadbHON coOCTBEeHHOCTH. Jliis ak-
TUBU3ALMHU JEATEIIBHOCTH PEKOMEHIYETCA CO3[aBaTh U Pa3BUBAaTh MHHOBALMOHHYIO
U TEXHOJOTUYECKYI0 MHPPACTPYKTYPY B KAKJIOM YHHUBEPCHUTETE, O3BOJISIOIUM pa-
00TaTh KOMaHIaMH M CO3/1aBaThb BBICOKOTEXHOJIOTMYHbBIE OM3HECHI COBMECTHO C
MapTHEpaMU U OPraHU30BaTh COMPOBOK/ICHHE MPOEKTOB.

CrnenyeT NOTYEpKHYTh, UTO AJIsl 00CYKJIEHUSI HOBBIX 3ajla4, 0OMEeHa Mepei0BbIM
OTIBITOM, TIOJTYYCHHS aKTyaTbHOW MHGOPMAIIMH O TPEHJAX TEXHOJIOTHIECKOTO Pa3BU-
TUS HEOOXOIUMBI JUCKYCCHOHHBIE TUIOMIAAKU. POJb TakoW TJIOMIAKKA BBITIOJIHSET
MexayHaponnbiii GopyM TEXHOJOTHYECKOTO pa3Butus «Texnompom». B wacTHOCTH
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Ha ¢opyme «Texnomnpom-2015», kotopsiit mpoiaeT 4-5 utons B HoBocubupcke, oT-
JieNbHasi AUCKYCCUOHHAs MaHeNb MOCBSIIEHa PEMHyCTpUaIn3aiud SKoHoMuku Ho-
BocuOMpckoil obnactu. B Hacrosimiee Bpemsi yrBepskjeHa Konuenuus mporpammbl
peuHaycTpuanu3anuu 3koHoMHKHM HoBocuOupckoit obnactu u paspadaTbiBaeTcs
[Iporpamma, koTopas OyJeT npeacTaBieHa Ha (popyme.
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PaccmarpuBaetcst cucremMa KIacTEpPHOTO aHaian3a g oOpaOOTKU JAaHHBIX AUCTAHIMOHHOTO
souaupoBanus 3emnu (/[[33). Cuctema mpezacraBiieHa CIEAYIOIIMMU MeTonaMu: MeronoMm K-
CPeIHHX, METOJIOM aHAJIM3a MOJI MHOTOMEPHBIX THCTOTPAMM, TUOPUIHBIM METOJIOM, O0BEIUHSIO-
UM METOJI aHaJiM3a MOJI MHOTOMEPHBIX TMCTOTpaMM C IOCIEAYIOUIEH HepapXUYECKOM Tpymiu-
POBKOM U PSAJOM AJITOPUTMOB HEYETKOHN KIIACTEPU3ALINH.
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The clustering system for processing of the Earth remote sensing data is discussed. The sys-
tem consists of the next methods: K-means method, method of the multidimensional histograms
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analysis and the subsequent hierarchical grouping, and a number of fuzzy clustering algorithms.
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[leHTpanbHBIE BOMPOCHI TEMATHYECKOW 00paOOTKM (MHTEpIpETaIliy) JTaHHBIX
J133 — BoIpoCHI MOBBIIIEHUS KauecTBa AeMU(PpUpPOBaHUS — HEMOCPEACTBEHHO CBA3a-
HBI ¢ TIPOOJIEMOl BBIOOpA aJIEKBATHBIX aITOPUTMOB pacro3HaBanus [1-5]. Cospe-
MEHHBII OMBIT ABTOMATU3WPOBAHHOTO pacno3HaBaHus AaHHBIX J[33 Moka3bpIBaeT, 4YTo
3apaHee MPAKTHUYECKHM HEBO3MOXKHO YCTAHOBHUTb, KAKOW alrOpuTM OyneT Jydile ¢
TOYKHU 3PEHUS] CTOUMOCTU M TOYHOCTH Kiiaccudukanuu. [1oaToMy B pacnosHaroryto
CUCTEMY I1I€J1€CO00pa3HO 3aKJIabIBaTh HECKOJbKO AJIFTOPUTMOB U BHIOOP ONTUMAJIb-
HOTO aJITOpPUTMa TPOBOAWTH dMIupuuecku. B knmaccudukaruu ganabeix J[33 wvame
JIPYTUX HCTOIB3YIOTCS METOJBI, KOTOPhIE MOKHO Pa30MTh Ha JIBE TPYMIBI: KOHTPO-
mupyeMast kiaccudukamnus (kmaccudukaus ¢ 00ydeHHWeM) W HEKOHTPOJMpyemas
(xmactepHbpiii aHanmu3). B pganHOM paboTe paccMmaTpuBaeTCs KIACTEPHBIA aHAIN3 B
00paboTKe MHOTOCHEKTPadbHBIX (MHOrOMepHBIX) naHHbiX [[33. Xapaxrtepusys me-
TOJIbI KJIACTEPU3AIUU B LIEJIOM, CIEAYET OTMETUTh, YTO B OCHOBHOM OHH OTBHICKUBAIOT
B JIaHHBIX HE TE€ CTPYKTYpbI, KOTOPBHIE TaM PEaJbHO CYIIECTBYIOT, a T€, ISl TOMCKA
KOTOPBIX OHHU MpenHa3zHaueHsl [2]. [ToaToMy HaaeKHOCTh PE3yJIbTAaTOB KIlacTepU3a-
[IUU YaCTO MOKHO OIEHUTH JIMIIb CPABHEHHEM HECKOJIbKUX BAPUAHTOB OOPAOOTKH.
nanubix J[33. XapakrepHoit ocobeHHoCcThIO J1J13 sBisieTcs “3arpsi3HeHne’” BHIOOPOK
CMEIIaHHBIMH BEKTOpAMU HM3MEpPEHUH, T.e. BEKTOpPaMH, KOTOpbIE 00pa3yroTcsl Mpu
NONAJaHUU B DJIEMEHT Pa3pEUICHUs ChEMOYHOW CHCTEMBI HECKOJIBKUX MPHUPOIHBIX
00BEKTOB. DTO OOCTOSITENILCTBO SIBIISACTCS OJHUM W3 MUCTOYHUKOB OIIMOOK MpU TO-
CTpocHHMH KapThl Kiaccupukammu [1,2]. BolbIIMHCTBO alropuTMOB KIIaCTepU3aAIUN
JUISl OTHECEHHSI BEKTOPOB MPU3HAKOB KJIACTEPAM BBIYUCISIOT ISl KaXKJA0TO BEKTOpa
3Ha4YEHUs MOoAXO el GYHKIIUU «IPaBAONoa00us». B ciaydae 3aunciieHus] BEKTO-
pa IPU3HAKOB B KJACTEP MO MAKCUMaJIbHOMY 3HAau€HHUIO (QYHKIIMU TPaBIONOa00us
MOJIy4YaeTcsl Tak Ha3bIBaeMasi Jcecmias Kinactepusanus. PaccMOTpuM HEKOTOphIE aji-
TOPUTMBI HCeCmKOU KIacTEepU3alvu.

B cocTaB nporpaMMHOTO KOMIUIEKCA, PEATU30BAHHOTO COBMECTHBIMU YCUIUSMHU
OI'bY «HUL] «Iltaneray u ®I'BYH UBMuMI" CO PAH, BXxoauT peanuzaius Kiac-
CHUYECKOT0 aJrOpuUTMa KECTKOM KIIacTepU3allud — alroputma K-CpelHUX, HIUPOKO
UCIIOJIb3yEeMOT0 /I pa30MeHHs Ha KJIacTephbl OOJBITNX 00BEMOB MHOTOMEPHBIX JTaH-
HBIX [5]. Anroputm K-cpemHux MoKeT OBbITh OTHECEH K KJIacCy MapaMEeTPHUCCKHUX,
T.K. OH HESIBHBIM 00pa30M MpearnosaraeT npupoay MmIOTHOCTH BEPOSITHOCTU: KJlacTe-
PBI CTPEMSTCSI UMETh KOHKPETHYIO T€OMETPHUYECKYI0 (OpMy, 3aBUCAIIYI0 OT BbI-
OpaHHOM MeTpuku. MBI HcHoNb3yeM cieayromue merpuku: EBkinaoa, Maxana-
HoOuca, YeObriena, City-block paccrosaue. M3BecTHO Takke, 4ro pe3ynabTar Kia-
CTepHu3allu METOJI0M K-CpeIHHMX 3aBUCHUT OT 3aJIaHMsl HayaJbHBIX IIEHTPOB KJIacTe-
poB. IIpenocrapisieTcss BBIOOpP OJTHOTO M3 TPEX BApUAHTOB, JIBA U3 KOTOPBIX OIpee-
JISIFOTCSL HA OCHOBE CTAaTHUCTUYECKUX XapaKTEPUCTUK HAOOpa TaHHBIX U OJIUH OCHOBAH
Ha ciay4daiiHOHM BbIOOpKe. OAMH U3 BapUaHTOB alroOpUTMa MO3BOJSET YUUTHIBATH BIIU-
SIHAE CMEIIaHHBIX BEKTOPOB [2]. JlOMOMHUTEIBHBIM MTAPaMETPOM B 3TOM CIIydyae SB-
JISIeTCS BHIOMpaeMOoe SMITUPUIECKUA COOTHOIICHUE YUCTHIX U CMEIIAHHBIX BEKTOPOB B
Habope maHHBIX. Ha OCHOBE 3TOTr0 COOTHOIIEHUS W TPAJAUCHTHOTO W300paKeHWS,
chOPMHUPOBAHHOTO  TOAXOASIIMM  TpaaueHTHbIM  omepatopoMm  (PoGept-
ca/llpeButta/Coberna), BBIICISIOTCS CBS3HBIE KOMIIOHEHTBI, COCTOSIINE M3 YHCTHIX
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BeKTOpoB. Kiactepuzaunu noaseprarorcsi CpeHUE BEKTOPHI CBA3ZHBIX KOMIIOHEHT. B
JalbHENIIIEM CMENIAHHBIE BEKTOPHI pACIPEACIAIOTCA MO MOJIYUYEHHBIM KJIacTepaM Ha
OCHOBE MUHHMMAJIBHOTO PaCCTOSIHUA JI0 LIEHTpa KJlacTepa.

Jpyro#t moaxo/1, MO3BOJISIONIMN MMOJIyYaTh pa30ueHue BEKTOPOB MU3MEPEHUM Ha
KJIaCTEePhbl MPOU3BOJILHON (POPMBI, OCHOBAH Ha MPEANOJ0KEHUHU, YTO UCXO/IHbIE JTaH-
HBIE SIBJISIFOTCSI BEIOOPKOM M3 MHOTOMOJOBOTO 3aKOHA pacIpeieieHus, MPUYEeM BEK-
TOPBI, OTBEYAIOIINE OTACIBHOM MOJie, 00pa3yroT kiactep [2]. Takum oOpaszom, 3a1a-
4ya CBOJUTCA K aHAJIU3Y MOJi MHOTOMEPHBIX TUCTOTPAMM.

Emé onun anroputm KECTKOM KIACTEPHU3ALMU, PEATU30BAHHBIN B HAILIEM IPO-
IPaMMHOM KOMIUIEKC, - THOPHUIHBIA METO/: aHAJIU3 MOJI MHOTOMEPHOMN THCTOTPaAMMBI
C MOCIEAYIOUIEH UepapXuueckoil rpynnupoBKoi. [IpakTuueckoe UCMOIbL30BaHUE Me-
TOJIa aHAJIN3a MOJT MHOTOMEPHOW TMCTOTPaMMBbI IMOKAa3bIBAET, YTO 3a4aCTYIO MOIy4e-
HUE MPUEMIIEMOTO pe3yJibTaTa SIBISETCS BECbMa TPYAOEMKHUM MPOLIECCOM U TpeOyeT
BBICOKOW KBaJIM(UKAIIUKM dKCHepTa-ucciaeaopateis. [IpuanHOM 3TOro sSBISETCS, Be-
POSITHO, TO, YTO AJTOPUTM SBJISETCS MHOTOMapaMETPUUYECKUM (B YACTHOCTH, Ha pe-
IIICHHE OKa3bIBaCT OOJIBIIIOE BIUSHHUE CIIOCOO CrIaKMBaHUSI TUCTOTpaMMbl). B cBsizu
C OTUM, CHCTEeMa KJIaCTEPHU3aIMH JOIMOJHEHA ABYXATAITHON IpOoLeaypoi (¢ coxpaHe-
HHUEM BCEX paHee CYIIECTBOBABIIMX (PYHKIIMI): HA TEPBOM JTalle BBITOIHACTCS
npeABapuTeIbHOE pa3OMeHNE NCXOAHOW BEIOOPKHU HA KJIACTEPHI C IIOMOIIBI0 MOIATh-
HOT'O aHajM3a, a 3aTeM JJIs IMOJYy4YEeHHUsS OKOHYATEJIbHOTO pe3yibTaTra MCHOIb3YeTCs
uepapxudeckas TpynmupoBka [6]. 3aMeTuM, 9To IpUMEHEHUE HepapXUUECKON TPyTI-
MUPOBKHU JJIsI KJIACTEpU3aIlii MCXOJHOT0 Habopa BEKTOPOB HEpEadbHO M3-3a TOTO,
YTO UCIOJIb3yeMas B aJrOpPUTME MaTPHUIla PACCTOSIHUM  COCTOUT (B Hadayie paOOThI
anroput™a) u3 N(N-1)/2 sanemenros, tae N — konmudecTBo BekTopoB. [IpeaBaputens-
HOE KCMOJIb30BaHHE MOJAIBHOTO aHaJIn3a MO3BOJISIET COKPATUTh 00BEM JAHHBIX 0
pa3yMHBIX MpeienioB. B kauecTBe BXOJHBIX JAHHBIX JJI HEPAPXUUECKON TPYIITUPOB-
KM HCMOJIB3YIOTCS BEKTOPBI CPETHUX TPYIIIBI BEKTOPOB, CBA3AHHBIX C KAXKI0M MOJION
MHOTOMEPHOM rUCcTOrpaMmbl. HamoMHUM, 4TO Ha KaXJOM I1are BOCXOASAIIECH uepap-
XUYECKOU KilacCH(pUKAIMU OOBEIUHSIOTCS JBa KjacTepa, pacCTOSHUE MEXKITy KOTO-
PbIMH MUHUMaJIbHO JIOCTOMHCTBOM HEPapXMYECKOW T'PYIIUPOBKHU SBISETCS TO, YTO
MOCJIe TTIOCTPOEHUS UEPAPXUYECKOTO JAEpPEeBa KIACTEpU3aAlMU MOXKHO “‘pa3pe3arh’ €ro
Ha J1I000M YPOBHE MEpaApXHH, T.C. IMOJIydaTh pa3HbIe KIACTEPHBIC KApPThI, HE 3aIycKas
CHOBa IPOIIECC KIaCTepU3aIu.

[Tocneauum 3TanoM padOThl BCEX aJTOPUTMOB KECTKOM KilacTepu3aluu sIBISET-
Csl COPTUPOBKA MOJYYEHHBIX KJIACTEPOB MO YOBIBAHUIO UX OOBEMOB U MOACYET COOT-
BETCTBYIOIIUX CTAaTUCTUK: 00BEMOB, BEKTOPOB CPEAHUX U JEBUALMM (CTaHIApTHBIX
OTKJIOHEHUI) B KaHAJIaX ISl KaXJIOTO KjacTtepa. DTH JaHHbBIEC 3aMHUCBHIBAIOTCS, MPU
HE0O0X0IUMOCTH, B (aiis Ha aucke. Tyzaa e 3amuchIBaeTCsl YMCJIO BEKTOPOB JaHHBIX,
HE BOIIEAIIUX HU B OJUH U3 KJIACTEpOB, T.c. monaBmux B "K+1"-pii kmactep. OTu
JAHHBIE SIBJISIIOTCSI OCHOBOM JIJIsl aHAJIK3a Pa3eIMMOCTH MOTYYEHHbBIX KIIACTEPOB.

PesynbraTom paboThl KilaccuPUKaTOpOB B paboueM pexuMe SBISETCS OJHOKa-
HajibHOE (0alTOBOE) M300paKECHUE, 3HAUCHUSIMH ITUKCEIOB KOTOPOTO SBIISIOTCS HO-
Mepa KJIacTepoB. ITO H300paKCHUE OKPAIIMBASTCS B IIPEAOIpPEIeISHHBIC IIBETa, KO-
TOpPbIE B MHTEPAKTUBHOM PEXHME MOTYT OBITh 3aMEHEHBI Ha IIBETA, ONpEC/IsieMbIe
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noJsib3oBareneM. K BbIXOIHOMY M300paKEHHIO MOXKHO MPUMEHUTH (PYHKIHIO MOCT-
KJaccuuKanuu Uit yaaJueHusl N30JIMPOBAHHBIX MUKCENOB (TeHepaiu3alis JaHHbBIX ).

Crnenyer OTMETUTB, YTO IPEMIOKECHHBIE AJITOPUTMBI KECTKOW KIIACTEPU3ALNH
BHEJIpEHBI B MpakTUKy onepatuBHou padoTel ®I'BY «HUL] «Ilnanera», u mmpoko
HCIOJIb3YIOTCSL B TEXHOJIOTUU MTOCTPOEHUS KAPT JIEAOBOM OOCTAaHOBKH IO CITyTHUKO-
BbIM JaHHBIM BHUJUMOTO, MH(QPAKPACHOIO WJIM MHUKPOBOJIHOBOIO auarna3oHoB. Ha
puc. 1 mpexacraBieHa KapTa-cxema Jie0Boi o0cTaHoBKHM B Mope Pocca (AHTapkTu-

Ka), MOJYYEHHasl C MCHOJb30BAHMEM ATOW TEXHOJIOTMM MO CIYTHUKOBBIM JAHHBIM
NC3 «Meteop-M» Nel.
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Puc. 1. Kapra-cxema nenoBoit o6ctaHoBKH B Mope Pocca (AHTapKTHKA), TOTy4YEeHHAs
1o cnyTHUKOBBIM HaHHbIM M C3 «Meteop-M» Ne 1

ANBTepHATHBOM JKECTKON pa3IeisIoNnIeii KIacTepu3alluu SIBISCTCS MseKas WA
Heuemkas KIIACTEPU3AIMs, pa3pelnaromias BEKTopaM MpUHAIJISKATh BCEM KlacTepam
¢ ko3¢ dunuentom wienctsa Uy €[0,1], onpenensromumM cTeNeHb IPUHALICKHOCTH |-

ro BEKTOpa i-My Kiiactepy:
C

Zuij =1, V] (1)

i=1
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L

Zuij<L, Vi,

j=1

onpenensisi STUMH COOTHOIICHUSIMU HEUETKYIO Kiactepusaiuto. 3neck C — yuc-
JI0 KJIACTepoB, L — KOMYECTBO BEKTOPOB U3MEpeHil. B HepaBHee BpeMsi HaMu B CO-
CTaB CHUCTEMbI KJacTepu3alliy MpOrpaMMHOI0 KOMIUIEKca OblLla BKJIIOYEHA peau3a-
Y [IAPOKO KCIIOJIB3YyEMOr0 alrOpUTMa HEUETKOM KIIACTEpU3ALUH, U3BECTHOTO KAK
meton C-cpeonux [7]. DTO WTEpalMOHHBIA AITOPUTM, KOTOPBIA HCIIOJIB3YEeTCS IS
pa3zelieHusl CMENIaHHBIX BEKTOPOB M3MepeHuid B AaHHbIX JI33. aes merona 3akito-
YaeTcsl B OIMMCAHUU CXOJCTBA BEKTOPA C KaXKJIbIM KJIACTEPOM C MOMOIIbIO (QYHKIIHH
YPOBHEW MPUHAICHKHOCTH, TPUHUMAIOIIEH 3HAUYCHUSI OT HYJSA 0 €AUHUILI. 3Haue-
HUs QYHKIUH, OJM3KKE K €IUHUIIEC, 03HAYaI0T BBICOKYIO CTENIEHb CXOJ/ICTBA BEKTOpA C
kiactepoM. O4YeBUIHO, YTO CyMMa 3HaYeHUH (YHKIMUA YPOBHEU MPUHAIICKHOCTH
JUISL KaKIOr0 MUKCENa JI0OJKHA PaBHATHCSA eauHuLe. Takxke, Kak U B aliroputMme K-
CpPEeHUX, TapaMeTpaMHU COOTBETCTBYIOLIEH MpPOLEIypbl (KpOME KOJIMYECTBA KiIacTe-
POB) SABJISIIOTCS TUIl METPUKU M BapUAHT BbIOOpA HAYAJIBHBIX ILIEHTPOB KJIACTEPOB.
JIOTIOJIHUTENBHBIM MMAPAMETPOM SBJISIETCA MOKA3aTelb HEUYETKOCTH, 3HAYEHUS KOTO-
poro mnsi ganHbix J[33 npenaraercs OpaTh OJU3KUMU K IBYM (cM., [1]).

BTOphIM anropuTMOM HEYETKOW KJIAacTEepU3allid, BKIIOUYECHHBIM B COCTaB IpO-
rPaMMHOT0 KOMILIeKca mo oOpaboTke naHHbIX [[33, sBISE€TCS anropuTM HEYETKOM
KJIacTEpHU3allii C peryjspu3aliueii — Tak Ha3biBaeMblid anmroputMm Possibilistic C-
means, PCM. I[IpunnunuansHoe otiauure anroputMa PCM ot anroputma FCM co-
CTOUT B CHATUHU orpaHuveHus (1) Ha 3JIeMEHTBHI MaTPHUIIbI TPHHAJICKHOCTH BEKTOPA
IIPU3HAKOB KjactepaM: B anroputMe FCM s kaKIoro BEKTopa MPU3HAKOB CyMMa
AJIEMEHTOB MATPUIbI IPUHAIJICKHOCTH MO BCEM KJIacTepaM JIOJKHA PaBHATHCA €U-
Hute (BepositHocTHOE — probabilistic — coiicTBo anroputma FCM). Takum oOpazom,
B aniroputMe FCM 4lIeHCTBO BEKTOPA B KJIACTEPE SABIIAETCS OTHOCUTENBHBIM, T.K. OHO
3aBUCUT OT WJIEHCTBA 3TOr'0 BEKTOpa BO BCEX JIPYrHMX KJacTepax, B TO BpeMs Kak B
anroputMe PCM 3HaueHHe 4jeHCTBAa BEKTOpa B KiacTepe SIBISIETCS aOCOJIIOTHBIM
(T.e. HE 3aBUCANIUM OT 3HAYEHUUN YJICHCTBA 3TOTO BEKTOpa B APYIHX KJacTepax) u
MOET UHTEPIPETUPOBATHCS B TEPMUHAX TUITMYHOCTU BekTopa. Anroput™m PCM nibl-
TaeTCsl HAUTH MOJIbI B HA0OpPE JaHHBIX, TaK KaK KaXKIbIi IMOJyYCHHBIM KJIaCTep COOT-
BETCTBYET IJIOTHOM 00JiacTu B 3TOM Habope. B mporiecce BBITIOJHEHUS UTEpALIMA ajl-
rOpUTMa MPOTOTHITHI KIACTEPOB TOCIEIOBATENIBHO TIEPEMEIIAIOTCS B TJIOTHBIE 00J1a-
CTHU B POCTPAHCTBE MPHU3HAKOB.

PCM anroputm siBisieTcss poOacTHBIM METOJIOM KIIACTEpU3aIMH, KOTOPHIH MO-
eT OBITh UCIOJIb30BAaH JIs1 OOHAPY>KEHUS TUIOTHBIX obJsiacTed B JaHHBIX. CTeneHb
YJIIEHCTBA BEKTOPA MPU3HAKOB B KJIACTEPE OIpEAeNseTcs] IByMs BEJIMYMHAMU: pac-
CTOSITHUEM BEKTOpa J0 MPOTOTHIIA KJlacTepa U napameTpoMm K, Ha3pIBaeMbIM CChLIOY-
HBIM PacCTOSTHUEM KJlacTepa. 3HaueHHE 3TOro napameTpa MHIUBUIYAIbHO IS Kax-
JIOTO KJIACTEpPa U 3aBUCHUT OT CPEIHErO pa3Mepa KiiacTepa.

Astopsl anroputma (Krishnapuram&Keller [8]) ormeuator, uto as moaydeHwust
KaueCTBEHHBIX PE3YJIhTATOB KIACTEpHU3allMd TpeOyeTcsl XOopolas WHUIIHATU3AINs
CCBUIOYHBIX paccTOsSHUW KiactepoB. Creayss WX pEKOMEHJalMsIM, B KayecTBe
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HAYaJIbHOTO TPUOTKCHUS MATPHIIBI CTETICHEW YJIEHCTBA BEKTOPOB IMPU3HAKOB B
KJIacTepax MCMOJb3YETCs pPe3yIbTaT BHIIIOJIHEHUS alrOpUTMa HEYETKOM KilacTepusa-
i MetogoM FCM. T.e. HeoOXoAMMBIM yCIIOBHEM BBIMOJHEHHS ajaroputva PCM
JUIsL Kakoro-Jn0o Habopa MaHHBIX SIBIISETCA NpPEIBApUTEIHLHOE BBIMIOJHEHUE alro-
putMma FCM nsis aToro Habopa TaHHBIX.

Hwxecnenyroiye puCyHKH JTEMOHCTPUPYIOT PE3YNbTaThl pabOThl aIrOpUTMOB
C-cpennux. Ha puc. 2 npencrasien ¢pparment cuumka MC3 SPOT-4, nomyueHHOrO
04.05.2011 1., ¢ maBoxkoBol cutyarueir B paiione Kamus-ma-O0u (CHUMOK mpeno-
craBieH Cubupckum 1ieatpom HUII «Ilnanera»). Ha puc. 3 mpuBenmen pesyibTar
o0paboTku anroputMom FCM. @parMeHTb UCXOAHOTO M300paXKEHHUSI, SIBISIOIIAECS
«IIyMOM» TI0 OTHONICHUIO K 00JIaCTH MHTEpeca, UCKII0UEHBI U3 Tpolecca 00paboT-
ku. Ha puc. 4 mpencrasiieH pe3yabTaT 00paboTku anroputmMom PCM co 3HaueHrEM
cceutouHoro paccrosinusi K=1. Beiensinocs 10 kinactepoB, BenosHsuioch 50 utepa-
ui anroput™MoB. Puc. 5 comepxkur rpaduueckoe npejacraBicHUE 00bEMOB KilacTe-
POB, TIOJIYYEHHBIX Pa3HbIMU ajroputmamu kinacrepusanuu (KM — anroputM xect-
KoM knacrepuzanuu K-cpennux).

OcHoBHas yacte pabotsl anroputMoB FCM u PCM coctouT B utepanimoHHOM
MEPECTPOCHUU MATPUIIBl YPOBHEHN MPUHAIICKHOCTH BEKTOPOB MPU3HAKOB KIIacTepam
U TepecyeTe IEHTPOB KIACTEPOB. AJITOPUTMBI 3aKaHYMBAIOT pabOTy MpPU BHIMOIHE-
HUU 33JJaHHOTO YHUCJIa UTeparuii MO0 Mpu JOCTUKEHUU MATPHUIIBI YPOBHEH MpUHAI-
JISKHOCTH COCTOSTHUSL CTaOUIILHOCTH, T.€. COCTOSTHUS, TP KOTOPOM HOpMa Pa3HOCTH
MaTpHI[ B IBYX MOCJEAOBATECIBHBIX UTEPALASIX HE MPEBOCXOIUT 3aJaHHOTO IOpOra.
Ota pabora TpeOyeT O0IbIIMX BPEMEHHBIX 3aTpart MpH €€

Puc. 2. Ucxonnoe uzobpaxkenue  Puc. 3. Knacrepuzanus merogqom FCM
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Puc. 4. Kinacrepuzanus metonom PCM ¢ K=1

200000
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150000 \
125000 \
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100000 \ =-PCM-
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50000

25000 \\‘\'\

0 —a—

Puc. 5. O0beMbl MOTy4EHHBIX KJIACTEPOB

MOCJIEIOBATEILHOM BBIMIOJHEHUH, OCOOEHHO B cllydyae, Korja IMokas3aTellb He-
YETKOCTH HEPABEH JIBYM, B CBS3U C YEM PEAIM30BAHBI MApAJIEIbHBIE BEPCUM AJITO-
putMOB. [lapamienbHas peasn3anusi aJITOPUTMOB ocymecTBisercs cpencrsamu OC
Windows B paMkax OJHOrO TpoIliecca MyTeM 3amycka HECKOJBKHX MapauICIbHBIX
IIOTOKOB. KOJIMYEeCTBO 3amyCKaeMbIX MOTOKOB PAaBHO KOJIMYECTBY JIOTHUYECKUX IIPO-
LIECCOPOB KOMIIbIOTEpa. KaKIbIii MOTOK MEPECTPauBaCT COOTBETCTBYIOILYIO YacCThb
MaTpHUlIbl ypoBHEH npuHaanexHocTd. HeoOxonumas npu pabore napasuieiabHbIX MO-
TOKOB CHHXPOHH3AIUsl JOCTUTaeTcs ¢ NOMOIIbI0 MexaHu3zMa coobituii  OC
Windows. B ta6n. 1 comepxarcs JaHHbIE O BPEMEHHU BBIMOJIHEHHS MapaLICIbHOM
MpoIeAyphl HeUeTKoM kiactepusanuu MetogoM FCM HaGopa BEKTOpPOB MpPU3HAKOB
puc. 1. IlpuBoasTcss pe3yabTaThl U3MEPEHUN BpeMEHHU (B CEKYHJax) JUIsl 3HAUCHHM
napaMmerpa HeueTKocTH M=2 u M=2.2. M3MepeHus MpoBOIMINCH O] YIIPaBICHUEM
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Windows-7 na anmapaTHOW TuIaT(GopMe ¢ YETHIPbMS JIOTHUYSCKUMHU TIPOIICCCOPAMH.
Bemonasutock 50 urepanuii. AHanorudnaelie gaHHbie i anroputMa PCM npusene-
HBI B Ta0IHUIIE 2.

Tabnuya 1
KomnuecTBo 3ammyckaeMpIX TOTOKOB
3Hauenue M
1 2 3 4
m=2 76.18 52.87 4452 40.65
m=2.2 305.56 189.14 140.04 116.92

IIpakTrKa pemeHus KOHKPETHBIX NMPUKIAIHBIX 3a1ad J[33 ¢ UCHoJIb30BaHUEM
[PEeIaracMbplX aJIrOPUTMOB KJIACTEPHU3ALMU MHOTIOCHEKTPAIBHBIX KOCMMYECKHUX
CHMMKOB, MOJIy4a€MbIX KaK C POCCHHCKUX, TaK U C 3apyOEXHbBIX CITyTHUKOB, ITOJITBEP-
’KJIaeT X BBICOKYIO 3(ppekTrBHOCTE. OTMETHM, UTO MIMPOKHI HAOOpP BOSMOXKHOCTEH CH-
CTEMBI KIIACTEPU3aLUH IIPOIPAMMHOIO KOMILUIEKCA MO3BOJIET JKCIEPTY-UCCIICIOBATEIIO
BbIOMpATh aJICKBATHBIE PEILICHH 33a4 JemnpprupoBaHus faHHbIX [[33.

Tabnuya 2
KomnuectBo 3aI1yCKaCMbIX ITIOTOKOB
3HaueHne M
1 2 3 4
m=2 50.71 33.03 30.95 28.80
m=2.2 228.60 123.51 99.12 82.66

PaboTa BbINoHEHa YaCTUYHO NIpHU (PrHAHCOBOW moanepxkke Poccuiickoro ¢poH-
na ¢yHnaMeHTanbHbIX uccneaoannit (mpoekt Ne 13-07-00068) u IIporpammer Ne 43
[Ipesunuyma PAH (mmpoekt Ne 32).
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spacecraft constellation intended to control natural and industrial disasters, land use, forestry, ecol-
ogy and provide free access to geospatial content.
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[Tocne pasBeproiBanus B 2012 romy o0beAMHEHHOW OpOUTATLHOM TPYIIHUPOBKH,
cocrosier u3 Oeropycckoro kocmuueckoro ammapata u KA «Kanomyc-B» Nel
Hayayiachb paboTa HallMOHAIBHBIX OMEPATOPOB IO TMocTaBke AaHHBIX [[33 rocymap-
CTBEHHBIM MOTPeOUTENSIM B cdepax OnepaTUBHON THUIAPOMETEOPOTIOTUU, KOHTPOJIS
TEXHOTCHHBIX U MPUPOIHBIX YPE3BBIYAWHBIX CUTYalMM, PalMOHAIBLHOIO MPHUPOJIO-
MO0JIb30BaHUs, SKOJIOTUH U KapTorpadumu.

OCHOBHBIE XapaKTEPUCTUKU KOCMHYECKUX ammapaToB U ONTHUKO-IJIEKTPOHHOU
arraparypsl pecTaBiieHbl B Ta0. 1.

B nanpHelieM, ¢ €710 MOBBIIIIEHHE YSKOHOMUYECKON d(PHEKTUBHOCTH IKCILTY-
ataruu OI' KA, ObUTO MIPUHSATO pPENICHHE O CO3JaHUU COBMECTHOTO MPEANPHUSITHUS 110
KOMMEPUYECKOMY HUCIOJIb30BaHUIO NaHHBIX [[33 v NMpOoaBUKEHUIO UX HA POCCUUCKUN
1 MeXIyHapoaHbIN peiHKU. B deBpanie 2014 roga Ha OCHOBaHHMH pacHoOpsKEHUs 3a-
mectutens [pencenarens [IpaBurensctBa Poccuiickoit denepanuu J1.0. Porosuna u
[TocranoBnenust [IpaButensctBa PecnyOnnku benapych 6p110 00pa3oBaHO COBMECT-
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HOE poccuiicko-0enopycckoe mpennpusitue 3A0 "MexayHapoaHble KOCMUYECKHE
TEXHOJIOTUH". DTUM OBLIO MOJIO)KEHO HAYaJl0 HOBOMY A3TaIly COTPYIHUYECTBA MpeE/I-
npusituii Poccuu u benapycu B chepe komMmepImann3anum KOCMUYECKON JeTeIbHO-
CTH.

Tabnuya 1

473,2 xr
510+10 km

300 000 + 500 000 kB. kM
4 cyTok

30 + 50 M ( 6e3 OMOPHBIX TOYEK )
4 + 7 M ( C OTIOPHBIMH TOYKAMH )

0,54-0,86
0,46-0,52; 0,51-0,60; 0,63-0,69; 0,75-0,84

Yupeautensmu CII cramu: ¢ poccuiickoit croponsl - OAO «Kopnopamus
«BHUUDM», pa3paboTyuKk METEOPOJOrMYECKUX CHYTHUKOB THna "Meteop-M" u
Maneix KA /[33 tumna "Kanomyc-B", a ¢ Gernopycckoit CTOpOHBI — YHHTApHOE MPe/I-
npusitue «I eonH(DOpPMAITMOHHBIC CHCTEMBI», OMEpPaTop OETOPYCCKONW KOCMHYECKOM
cuctemsl J133.

OcHoBHbIe HanpaBieHus aearebHocTh 3A0 « MKT:

1. Kommepueckoe pacripoctpanenue qanHbix /(33 u mpoaykToB ux 00paboTKu ¢
6enopycckoro KA u KA "Kanonyc-B" B kauecTBe 3KCKIIFO3UBHOTO TOPrOBOTO Mpe-
craputens YII "I'MC" na Tepputopuu ctpan CHI' 3a uckiaroueHHEM TEeppUTOPUU
pecnyonuku benapyce.

2. ®dororpammerpudeckas U Tematudeckas oOpadoTtka maHHbIX /33 ¢ BKA wu
KA "Kanomyc-B" Nel, u3roroBiieHre Npou3BOAHON MPOAYKIIUHU: OPTOGOTOIIAHOB,
MO3aUK KOCMHUYECKUX CHUMKOB, HU(POBBIX MO/IENIEH MECTHOCTH U T.1.

3. Pa3pabGoTka ¥ akTyanu3alud CIEHUATU3UPOBAHHBIX T€OMH(OPMALIMOHHBIX
CUCTEM.

Buabr npoaykToB, mocraBissembix 3A0 « MKT» npencrasiens B Ta0I. 2.
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Tabnuya 2

[IpoctpanctBenHoe |KonnuecTBo
Bun nponyxros /(33 Pa3smep
paspemieHue CIEKTPAIbHBIX Bun chemku
(mannbie /133 BKA) CLIEHBI, KM
B HAJHP, M KaHaJIOB
. apXuBHas
MMaHX POMaTHIECKUM 2,1 1 23x23 P
orepaTuBHAs
o apXuBHas
MYJIBTUCIIEKTPAIbHBIN 10,5 4 20x20 D
oreparuBHas
[MAaHXPOMATUYECKUI 151105 5 23x23 apXUBHAas
MYJIBTHUCIIEKTPAIbHBIN ’ ’ 20x20 olepaTuBHAs
o apXuBHas
[IBETOCUHTE3UPOBAaHHBINA |2,1 4 20x20 D
orepaTruBHas

B pamkax mexBegoMcTBEHHOro coryamenusi Pockocmoc n HanmonanbHast aka-
nemusi Hayk PecnyOnmku benapych COBMECTHO MCHOJB3YIOT OPOUTAIBHYIO TPYIIITU-
poBky u3 nByx KA mia oOecrieuenus: nanubiMu /133 U mpojyktaMu uxX oOpabOTKH
poccuiickux u Oenopycckux notpebuteneit. M3o0paxkenus, nonydaemsle ¢ «KaHo-
nyc-B» Nel u BKA, mocraBnsroTcss moTpeOuTensiM KOCMUYECKON UHGOpMAIMKU 110
TPEM OCHOBHBIM YPOBHSIMH 0Opa0OTKH ¢ (hOPMHpPOBAHHEM CIEAYIOLIUX BHUIOB KO-
HEYHOr'0 MPOJYKTa: «0a30BbIM MPOAYKT»; «CTAHIAPTHBIA MPOAYKT» - H300paKEHUs B
3a/IaHHON KapTOrpaguuecKoil MPOEKIUHU C paluOMETPHUUECKO 00pabOTKON, KOppEK-
UEeN MCKaKEHUU JaT4vKa U FeOMETPUYECKOU KOPPEKLHEH; «OpTOTpaHCHOpMHUPO-
BAHHBIA MPOIYKT» - OPTOU300paKeHUs], U(PPOBbIE KAPTHI U LIU(PPOBBIE MOJEIIN pe-
needa.

Kaxnoe oproucnpaBieHHOe M300pakeHUE PATUOMETPUUYECKH OTKaJIMOpPOBaHO,
reOMETPUUYECKU U TONOrpaUUeCcKu CKOPPEKTUPOBAHO KAK IO BHICOKOTOYHBIM HU3Me-
peHUsIM OpOUTATLHBIX MTAPAMETPOB, TAK U IO OTIOPHBIM TOYKAM.

B MYC Poccun, B HantmonanbHOM LIEHTpE yNpaBiEHUs B KPU3UCHBIX CUTYaIlU-
X YCHEIIHO PeaJn30BaH HAa3eMHbIA MPOTrpaMMHBIN KOMIUIEKC IpruemMa U 00pabOoTKU
naHHbix 0T KA «KAHOIIYC-B» miis 1ieneBoro npuMeHEHUsI 10 MOHUTOPUHTY THJI-
POJIOTHYECKOW M JIECOMOXKAPHOW OOCTAaHOBOK, OLEHKH COCTOSHHSI MH(PPACTPYKTYPHI
TEPPUTOPHI MOCTIE 3HAYNTEIBHBIX CEHCMOCOOBITHIA, TPUPOTHBIX U TeXHOTEeHHBIX YC.

Ha puc. 1 u puc. 2 npeacraBiieHbl IPpUMEPbl MPAKTHUYECKOTO HCIOJIb30BAHUS
KOCMHYECKHUX CHUMKOB JUISl YKAa3aHHBIX BBIIIE 3a7a4.

Hist KA «Kanomyc-B» Nel u 6enopycckoro KA Bnepseie B Poccun pazpabora-
Ha JKCIEPUMEHTAJIbHAsE TEXHOJIOTUsI 00pabOTKA CHUMKA C MCIOJIb30BAaHUEM palyo-
HalbHBIX TONMHOMOB (RPC), ¢ moMOIIb0 KOTOPOM MOKHO BBIMOJHATE Tpydoe
TpaHC(OPMHUPOBAHUE CIIEH, 0€3 MPUMEHEHHUS HA3eMHBIX OMOPHBIX To4yeK. MHpopma-
1S 0 penbede MECTHOCTH OEpeTCsl C OTKPBITON OOIIEOCTYITHOM TU(PPOBOM MOAETH
MectHOCTH SRTM. Jlyst yTOUHEHUs MECTOIOJIOKEHUS CIIEH U Co3AaHusi opTodoTo-
IJIAHOB MO>KHO, B Ka4E€CTBE OIOPHI, HCIONb30BaTh TBEPble KOHTYypa 0OOBEKTOB, KO-
OpJIMHATHOE OMKCAHUE KOTOPBIX MOJIydeHHbIE ¢ noMoulsio TexHosoruu ['JIOHACC
WIH C KapTorpaguueckux MaTepuanoB COOTBETCTBYIOIIUX MAacIITaOOB, UMEIOLINXCS
B (demepambHOM KapTorpado-reoae3ndeckom ¢oHae. B kadecTBe mporpaMMHOIO
obecrieyeHus: YTOYHEHHS MECTOMOJIOKEHUsI CIEH MOXeT wucnosb3oBarbesi [HUC
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«KAPTA 2011», umeroiass B cCBOeM cocTaBe mnpuioxkeHue «TpanHcpopmupoBaHue

pPacTpOBOM KAPTHI IO TOUYKAM).

" >
F Oneix 3084 © c
«Kanonyca-BNe1 u GKA

MOHUTOPWHT ABOAKOB U HABOAHEHHIA

BKA (19.10.2012) u
KM nNOATONAEHHEX

B TR (D ZBEANE TeppHTOpWi. Ma80A0K B NoFime pexi.

WWW.ZAOMKT.RU

" >
3aday ¢ np =
1u BKA

MOHUTOPUHF noapos (foxap ot 19.10.2012 r., p-H 03. Yepaotioe)

Cuumok MODIS/TERRA (paspewenvie 250 m) Chumok BKA (paspewenvie 2 m)

WWW.ZAOMKT.RU

Puc. 1. MOHUTOpPHHT YpEe3BbIYANHBIX CUTYalUN

Nudopmarnus, nomydaemas ¢ KA «Kanomyc-B» Nel u BKA, ucnonb3yercst s
KOHTPOJISI 36MJIETIOJIb30BAHUS B CEIBCKOM XO3SIICTBE, MOHUTOPUHTA IPUPOIHBIX pe-
CYpCOB, IKOJIOTHYECKOTO MOHUTOPHUHTA, KapTorpadupoBanus. Hekoropsie npumepsl
MIPUKIIAIHOTO HMCHOJIb30BaHUs MaHHBIX [[33 ¢ ymOMSHYTBIX CHYTHHUKOB NPUBEACHBI

Ha puc. 2.

" >

MOHVITOpVIHF 0OBEKTOB 3EMNENONB30BAHMS

OlieHKa COCTORHUA OBBEKTOB MENMOPATHBHOTO doHAa

e ——

N Teuermh

1
2 - pesible BHOCH

WWW.ZAOMKT.RU

" SN >

MOHMUTOPUHI U3MEHEHUIN B NeCHOM hoHae

MOHUTOpMHI U3MeHeHui & NecHom dorae
€ MUCNONb30BaHWEM CHUMKOB BKA
(pa¥ioH Buneiickoro BoAoXpaHAMuLa)

LIBeTOCHHTE3MPOBaHHIH CHUMOK BKA
(paspewenvie 2 ) oT 19.10.2012 1.

AKTYalbHbie AaHHbIe U3 UHTEpHET-
ucTouHuKa «Maps.google.com»

WWW.ZAOMKT.RU

" ko 2
CospaaHue 1 06HOBMEHNE ToNorpacUiecknX U HaBUrALIMOHHbIX KapT
macwTaba 1:50000 n 1:25000

. MUK, MexoaHas

T. MUHCK, KOCMUYECKHI CHU|

"?5,, A 3

—J o
WWW.ZAOMKT.RU

Puc. 2. MoHUTOpHUHT 00BEKTOB 3€MJICTIONB30BaHUS, JIECHOTO X035CTBA,
AKOJIOTHYECKON 00CTAaHOBKH U KapTorpadupoBaHus
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Hauunas ¢ 2012 rona Pocnecxo3 ucnoinbssyer aannsie /33 ¢ KA «Kanomyc-B»
No 1 nnst MOHUTOpPUHTA JIECHBIX TEPPUTOPHUH, C 1IEJIbIO BBISIBIICHUSI HE3aKOHHBIX BbI-
pyOOK, NpH BBIIIOJIHEHUU KOHTPAKTOB 110 FOCYJapCTBEHHON MHBEHTApU3alluH JIECOB,
IIPU [TIOCTAHOBKE JIECHBIX YYaCTKOB Ha rOCYIapCTBEHHBIN KaJaCTPOBBIN yUerT.

Ha puc. 3 npuBeaeHsl mpuMepbl MOHUTOPUHTA JIECHBIX TEPPUTOPUN (KOHTPOIb
BBIPYOOK Jieca) Mo maHxpomaTuueckomy u uzoopaxenuto ¢ KA «Kanomyc-B» Ne 1
B 2013 roxy. [Ins cpaBHEHUs NpUBEAEHBI CHUMKHU HA TY K€ TEPPUTOPHUIO U3 CUCTEMBI
«Google Maps».

CnyTHMKOBbIﬁ MOHUTOPUHT NeCHbIX Teppm'opuﬁ
(koHmMporsb 8bipybok neca rno daHHbIM UC3 «KaHonyc-B»)

MpkyTckas obnactb KpacHosipckuin kpait Pecnybnuka Kapenus

4 ¥ =
B 1T mapr2013 §
s

% [ex] «Kanonyrfar»

CHUMKM M3 cucTembl Google

Puc. 3. MOHUTOPHHT JIECHBIX TEPPUTOPUIA

Takum oOpazom, Matepuansl kocMuueckol chéMkn ¢ KA «Kanomyc-B» Nel u
oenopycckoro KA sddexktuBHO ncnonb3yrores kak B Poccun, Tak u B PecryOnuke
benapych s obGecriedeHuss onepaTUBHOTO MOHUTOPUHTA OOBEKTOB THAPOMETEOPO-
JIOTUM, KOHTPOJISI TEXHOTEHHBIX W MPHUPOJHBIX YPE3BBIYAWHBIX CUTYyallUd, paluo-
HaJHLHOTO TPHUPOAOIIONH30BAHNUS, SKOJOTHH U IS CO3MaHus MUQPPOBBIX Tomorpadu-
YECKUX U HABUTAIMOHHBIX KapT.
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The analysis and today situation concerning croplands in Mongolia are discussed.

Key words: agriculture, land evaluation, base value, Mongolia.

Mongolia’s land is perhaps its most valuable resource. Mongolia covers a vast
and diverse territory of more than 156 million hectares. Total Agricultural land
15112.7 million ha. Pasture land comprises the great majority of Mongolia’s territory
(about 126 million hectares), while arable land is about 1.200 million hectares and
urban and settlement areas comprise a very small fraction of total land areas.

With the purpose to reveal the suitable area for the cropland, V.F. Shubin es-
tablished the special commission in cooperation with the government of Autonomic
Mongolia and conducted the detailed survey in 1915-1916 on the territories of the
khoshuus (soums) that have the future for developing the agriculture.

During the 1960s when the fallow lands were owned and had been actively con-
ducting the agricultural production, the lands were divided into 1-4 levels of agro-
production at first time according to the suitability for the agriculture,
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In 1975-1977, the basis for giving the evaluations on the croplands that were di-
vided into 4 groups of the agro-production was developed at first time.

Government of Mongolia realized to started new policy of land affairs from
transition period for market economy in 1992. Mongolian history has not information
that Mongolian citizen owned the urban land, appraised land and taxation for owner-
ship land until 1992. Since the newly structure of land affairs in urban land was cre-
ated to started by Constitution which is published in 1992.

In1993, sub-project implemented by the Ministry of Environment and Land Pol-
icy Institute for giving the evaluations for the agricultural tenure land:

- Developed the methodology for the soil quality evaluation of Mongolia. It in-
cludes: general principle of the soil quality evaluation, sequences for making the soil
quality evaluation, methodology of the scales for evaluations

- Determined the economic basic indices for the agricultural tenure land, the
scales for the evaluations of the crop land’s soil quality, and the scales of the nutritive
quality of the pasture land of Mongolia

The Land Fee law and No. 152 of regulation of Government which is to do some
action for charging Land Fee law were published in 1997 and it was to regulate af-
fairs of land fee and land basic value.

The No. 152 of regulation of Government is fundamental legal act in Mongolia.
Itis:

- Defined the amount of the basic land evaluation of the major classifications ac-
cording to the zones.

- Determined the capacity of the lands according to the amount of harvests to be
taken from one hectares of land.

- Worked out the first version for defining the basic fees and payments per one
hectares of land.

The basic value was made to base population volume in urban area and special-
ists given to be same basic value for cities with nearly population. For example:
Mongolian all big city’s land basic value are same 40.0 million.tug square meter. But,
cities are very different situations for economy, society and location.

There are 329 soums (sub province), 21 provinces in Mongolia. But these soums
divided into only 4 value zones in agricultural land. Also, these soums’ development
of location, society and economy are very different.

Table 1
Basic value and land fee range of urban area of the Mongolia
Urban Land fee range (thou-
sand. tugrug)
Sub Population(thou Name of City Base value minimum  maximum
classification sand.people) (million.tug)

City | Capital Ulaanbaatar 440.0 440.0 4,400.0
Big city in/50.0-500.0 Darkhan 300.0 300.0 900.0
country Erdenet 200.0 200.0 600.0

Choibalsan 120.0 120.0 360.0
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Big city in/30.0-50.0
province

15.0-30.0

Town ' Town and/0.5-15.0
soum centre

Other 0.5
town

Uliastai 50.0
Ulgii

Murun
Tsetserleg
Khovd
Ulaangom
Sukhbaatar
Bayankhongor
Undurkhaan
Zuunmod
Baruun-Urt
Sainshand
Dalanzadgad
Arvaikheer
Mandalgovi
Altai
Zuunkharaa
Bulgan
Tosontsengel
Choir

Soum centre 8.0

40.0

Other town 5.0

50.0 100.0
40.0 80.0
8.0
5.0
Table 2

Basic value and land fee range of agricultural land of the Mongolia

Pasture

In land for per
Basic one sheep

Index of value

land val-|(Thou- size, Basic

uezone sand ha value
tugrug/ (thousan
hec- d tugtug)
tare)

XYy 548,2 767,5

14

AY 202,9 23 466,7

I'T 208,6 (2,2 14589

T 381,7 |15 |572,6

Crop
hectare
Mini- '
Mini-  mum fee BaSIC
mum in  oneVvalue |m
land fee sheep (thousa |fee
inha (tugrug) \"d (tugrug)
(tugrug) tugrug)
55 77 3859,0 386
20 47 2253,0 225
21 46 1738,0 |174
38 57 3843,4 384

Percentage for calculating the cropland fees:
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Minimu

Hay land
hectare
Basic  |Minimu
value |m land
Classification (thousan fee
d (tugrug)
tugrug)
Meadow 0f|2478,3 (248
mountain
Steppe of|2027,6 1203
mountain
Steppe 912,2 |91
River valley 2090,9 209
Meadow in/2675,3 |267
plain



- The land fees for one hectare of the croplands for the wheat that are owned and
used shall be calculated at 0.03 percent of the basic land fees.

- The land fees for the croplands for the vegetables and fruits shall be calculated
at 0.1 percent of the basic land fees.

Payment for the cropland:

Land fees are: in accordance with the resolution No. 152 of the government
passed in 1997

- In the central zone of the cropland - 386-1158 tugrogs/hec.

- In the open steppe zone - 384-1152 tugrogs/hec.

- Mountainous zone of Altai - 225-675 tugrogs/hec.

- Concaves and depressions of the gobi and grand lakes - 174-522 tugrogs/hec.

Evaluation of the cropland quality:

Formula to determine cropland quality:
Cq =S, -Cr

Where Cq = evaluation of the Cropland Quality
S, — Score of the soil quality evaluation
Cr — Climatic ratio

Basic indices to be influenced in the cropland quality evaluation:

Thickness of the layer with humification, content of the humification, mechani-
cal contents, sum of the basis to be absorbed, soil acidity and alkalic environment,
amount of the cation of calcium, sodium and carbonate

Other factors: Soil erosions and degradations,slope of the area, barriers of the
area, stones of the area, waste plants, influences of the harmful rodents and irrigation
condition

Economic evaluation of the cropland.

1. Qualitative evaluation — To be determined by the physical indices and/or one
hectares.

2. Quantitative evaluation— determining the basic fees for the land:

Factors influence to the economic evaluations of the cropland.

Harvest and gasoline transporting distance, distance between the areas in the
barnyards,

slope of the area, barriers and obstacles in the area, peculiarity of the shapes of
the area and irrigation condition.

The Government of Mongolia regards reforming land law and policy for all cat-
egories of land as a major development priority in order to create incentives for so-
cially equitable and environmentally sustainable economic growth. Especially, for
last few years, Government has been focusing land valuation and land economy.

In the modern land evaluation practices, the trend has been aiming at determin-
ing how the certain land is suitable for using in the defined purposes. The class of the
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land suitability should determine the suitability rating. The methods used today are
for instance, approach for agricultural land suitability evaluation invented by the
Food and Agricultural Organization of the United Nations Organization, and Multi
criteria evaluation and GIS approach.

The aim of this research was comparison of the land qualitative suitability of re-
sults with the use of FAO method and Automated Land Evaluation System or ALES
method for major crops in Sardasht of Behbahan in Iran. The study area covers 6000
hectares.

The aim of this study was Comparison of the Land qualitative suitability with
the use of FAO method and ALES model for major crops in Sardasht of Behbahan.

Three main crops include wheat, barley and rice was selected for evaluation.
The climatic classes in FAO method obtain suitable (S1) for wheat and barley, mod-
erately (S2) and marginally suitable (S3) for rice.

The results of qualitative land suitability classification showed that most areas in
all methods fall under moderately suitable class (S2) for wheat and barley and severe
suitability class (S3) for rice, although due to soil limitations they vary from S2 to N.

The result showed that ALES model and square roots can identify suitability
class more precisely than stories and limitation method. Land suitability map were
also prepared through ILWIS software.

The aim of this study is to determine physical land suitability for wheat crop us-
ing a Multi-Criteria Evaluation (MCE) & GIS approach and to compare present land
use vs. potential land use. The aim in integrating Multi-Criteria Evaluation with Ge-
ographical Information Systems (GIS) is to provide more flexible and more accurate
decisions to the decision makers in order to evaluate the effective factors. Relevant
biophysical variables of soil and topography were considered for suitability analysis.
All data were stored in Arc GIS 9.0 environment and the factor maps were generated.
For Multi-Criteria Evaluation (MCE), Pair wise Comparison Matrix known as Ana-
lytical Hierarchy Process (AHP) was applied and the suitable areas for wheat crop
were identified. To generate present land use/cover map, Terra/ASTER22 March2003
satellite image was classified using ERDAS Imagine 8.7 by means of supervised
classification.

Conclusion:

1. One major issue of land reforms policy and urbanization is exactly land eval-
uation. In our case, we need to solve issues of land evaluation which are land acquisi-
tion, land redevelopment, compensation, court auction, taxation, research and other
land appraisal purposes.

2. The event of selecting the suitable lands for the major crops for Mongolia that
are important in selecting the cropland correctly, increasing the crop production and
improving the food supply. In order to achieve this result, we are required to intro-
duce the two methods — FAO and ALES Approaches and Multicriteria Analysis Ap-
proach in the surveys for cropland qualitative evaluations.
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['ocynapcTBEHHOMY KaJacTpOBOMY Y4YETy MOJIEKAT BCE 3EMEJIBHBIE YYACTKH,
pacrnoJioKeHHbIE Ha TEPPUTOPUM MOHTOJIMHU, HE3aBUCUMO OT (POPM COOCTBEHHOCTH
Ha 3€MJII0, LEJIEBOTO HA3HAYEHHS W PA3PEIICHHOTO HCHOJb30BAHUS 3EMEIbHBIX
Y4acTKOB. 1'0CyAapCTBEHHBI KaJaCTPOBBIM YYET 3€MEIbHBIX YYaCTKOB ITPOBOJMUTCS
M0 MECTY MX HaXOXKJICHHs B 0053aTeIbHOM MOPSIIKE Ha BCeil TeppuTopun MOHTr0JIMU
10 €IMHON METO/IHKE.

JIns mpoBeAEHUSI TOCYJAPCTBEHHOTO YyU€Ta 3€MEbHBIX YYaCTKOB OpraHbl rocy-
JApCTBEHHOW BJIACTH, OPraHbl MECTHOI'O CaMOYIIPABJICHHUS, 3aMHTEPECOBAHHBIE Mpa-
BOOOJalaTeM 3eMEJIbHBIX YYAaCTKOB WMJIM YIOJHOMOYEHHBIE MPaBOOOIaaTen 3e-
MEJIBHBIX YYAaCTKOB MOJAIOT MPAaBOYCTAHABIMBAOIINAE JOKYMEHTBI O MEXECBAHUU 3€-
MEJIBHBIX YYaCTKOB B OPraHbl, OCYLIECCTBISIONIME JEATEIBHOCTh IO BEICHHUIO 3€-
MEJIBHOTO TOCYJAapCTBEHHOr0 KaaacTpa. I[Ipu 3TomM Bce HOKYMEHTBI JOJIKHBI OBIThH
HaJJIexKamuM oopasoM odopmiieHsl. He momyexar mpuemy Ajs MPOBEACHUS TOCY-
JApCTBEHHOI'0 KaJaCTPOBOI'O YYeTa 3€MEJIbHBIX YYACTKOB JIOKYMEHTBI, UMEIOIINE
MOTYUCTKU JTMOO MPUMHUCKHU, 3a4EPKHYTHIE CIIOBA WU MHBIC, HE OTOBOPEHHBIE B HUX
VICIIPABJICHHUS], TOKYMEHTHI, UCIIOJIHEHHbIE KapaHallloM, a TAKXKE JOKYMEHTHI C CEpPb-
€3HbIMU ITOBPEKJICHUSMH, HE IMMO3BOJSIOIIMMU OJHO3HAYHO MCTOJKOBATh UX COJEP-
YKaHUeE.

[TonmydyeHue 3aBOK O MPOBEAEHUM IOCYAAPCTBEHHOI'O KaJaCTPOBOIO yyeTa 3e-
MEJIBHBIX YYAaCTKOB IMOJITBEPKIAACTCSI COOTBETCTBYIOLIMMU 3alMCAIMU B KHUTE y4yeTa
JOKYMEHTOB M BBIIAYEH 3asIBUTENSIM PACIIMCOK O MOJIYYEHUU COOTBETCTBYIOIIUX J10-
KYMEHTOB.

[IpoBeneHne roCynapCTBEHHOIO KaJaCTPOBOIO YYe€Ta 3€MEIBHBIX YYacCTKOB
BKJIIOUAET B c€0s MPOBEPKY MPEICTABICHHBIX 3asBUTEIISIMU JIOKYMEHTOB, COCTaBJIE-
HHE OINHCAHUN 3EMEJIbHBIX YYAaCTKOB B EIMHOM rocyJapCTBEHHOM PEECTpE 3EMEIb,
MIPUCBOEHHUE KAJACTPOBBIX HOMEPOB 3€MEJIbHBIM Yy4aCTKaM, U3rOTOBJICHUE KaJIaCTPO-
BBIX KapT (IJIAaHOB) 3€MENbHBIX YYaCTKOB M (D)OPMHUPOBAHKE KaJaCTPOBBIX Jeid. ['ocy-
JApCTBEHHBIM KaJaCTPOBBIA YYET 3€MEJIbHBIX YYACTKOB IPOBOJIUTCS B TE€YEHUE Me-
cALa CO JIHS MOJa4uu 3asiBKY O MPOBEACHUHN FOCYAaPCTBEHHOIO yUeTa OIPEIEIICHHOTO
3€MEJIBHOTO Y4YacCTKa.

B pesynberarte npoBeneHus ToCyIapCTBEHHOTO KaJaCTPOBOIO y4YE€Ta 3€MEJbHBIX
YYaCTKOB 3asiBUTEIIIO BBIAAIOTCS YAOCTOBEPECHHBIE B YCTAHOBJIICHHOM IIOPSIKE Ka-
JACTPOBbIE KapThl (TJIaHbI) 3eMENbHBIX y4acTKoB. [lnaTta ¢ 3asBuTeneil 3a nmposese-
HHE TOCYIApPCTBEHHOTO KaJacTPOBOTO YyYE€Ta 3€MEJbHBIX YYAaCTKOB B3UMAaEcTCs B
YCTAHOBJICHHOM TMOpsiAKe. JlesSTeNpHOCTh MO NMPOBEAEHUIO TOCYNApCTBEHHOTO Ka-
JACTPOBOr0 y4€Ta 3€MEJIbHBIX YYACTKOB MOJJICKUT CTPAXOBAHUIO B YCTAHOBJICHHOM
MOPSJIKE.

B cnyuae, ecniu B npe/icTaBIEHHBIX JOKYMEHTaX OTCYTCTBYIOT CBEJEHUS, HEOO-
XOAUMBIC [JI1 TPOBEACHUS TOCYIAPCTBEHHOTO KaJacCTPOBOIO Y4YE€Ta 3EMEJIbHBIX
YYaCTKOB, WJIM €CJIA TAKUE CBEJCHHS MPOTUBOPEUYUBBI, IPOBEACHUE TOCYIAPCTBEHHO-
ro KaJacTPOBOI'0 y4YeTa 3€MEJIbHBIX YUYAaCTKOB MPUOCTAHABIMBACTCS U 3aBUTEIIIO HE-
MEJIJICHHO B MUCbMEHHOM BHUJIE COOOIIAIOT O MPUOCTAHOBJICHUH TIPOBEICHUS yUeTa C
o0ocHOBaHMEM JaHHOTO pemieHus. [IpoBeseHNE TOCYTapCTBEHHOTO KaaacTPOBOTO
y4eTa 3eMeIbHBIX Y4aCTKOB MOXKET OBITh MTPUOCTAHOBIIEHO HE 00JIee YeM Ha MECHII.
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B cnyuae, ecnu B TeueHHe yKa3aHHOTO CpOKa 3asBUTENIEM HE OyAyT yCTpaHEHBI
NPUYUHBl TPUOCTAHOBJICHUS TMPOBENEHUSI TOCYAAPCTBEHHOTO KaJaacTPOBOTO ydeTa
3eMENLHOTO yYacTKa, 3asBUTEI0 B MUChbMEHHOU (hOpMe HAIpaBIsSETCs OTKa3 B MPO-
BEJICHUH TOCYIapCTBEHHOTO KaIaCTPOBOTO YUeTa 36MEIIbHOTO Y9acTKa.

OOBEKTOM TOCyIapCTBEHHOTO 3€MEIBHOTO KaacTpa SBJISIOTCS BCE 3eMJIM MOH-
TOJINH, HE3aBUCUMO OT (POpMBI COOCTBEHHOCTH, IIE€JICBOTO HAa3HAYCHUS M XapakTepa
UX WCIOJb30BaHUsA. B COOTBETCTBHM ¢ «3aKOHOM O 3eMJjie» Bce 3eMM MOHTOIHMU
MIPUHSTO Pa3eIsATh 0 OCHOBHOMY IIEJICBOMY HA3HAUCHUIO HA MIECTh KATETOPH. DTO
3EMJIH:

- CeTTbCKOXO03MCTBEHHOTO Ha3HAYCHMUS;

- TOPOJIOB U HACEJIEHHBIX IMTyHKTOB;

- TPAHCIIOPTA, CBSA3HM U WHKCHEPHBIX CETCH;

- lecHoro (oHAa;

- BoJiHOTO (hOH/Ia;

- 0c000T0 UCIOJIb30BAHUSI.

K 3eMisIM CeNbCKOXO3SIICTBEHHOTO HAa3HAYEHUSI OTHOCUTCS 3€MJIM, MPEAOCTaB-
JICHHBIE JIJIS1 HY K] CETTbCKOTO X031CTBA WM MTPEeTHA3HAUYCHHBIC JJIS ATHX IEJICH.

3eMild MOCENIEHUN BKJIIOYAIOT 3€MJIM TOPOJIOB, MOCEIKOB TOPOJACKOTO TUIA U
CEJIbCKMX HACEJICHHBIX ITyHKTOB (COMOHOB). B cocTaB 3eMenb HAaceleHHBIX MYHKTOB
BXOJISIT 3€MJIM TOPOJICKOM, TOCEITKOBOW W CEIIbCKOW 3aCTPOMKH M CTPOUTEIBCTBA,
3eMJIM TPOMBINIJIEHHOTO W OOIIET0 TOJE30BAHUS, 3eMIIM CEIbCKOX035HCTBEHHOTO
WCITOJIB30BAaHUS Y MHOTO HAa3HAYCHUSI.

K 3emisim TpaHCIIOpTa, CBSA3M M MH)KEHEPHBIX CETEH OTHOCSTCS 3EMIIH, KOTOPBIC
BBIJICJICHBI BHE TEPPUTOPUH TOPOJACKOM YEPTHI JIJIS UCIIOIB30BAHUS IO JIMHUHU CBSI3H,
paJMoBeIIaHus, TSACBUACHNS, HHOOPMATUKH, SHEPreTUKH, BOJTOCHAOKEHUS, TEILIO-
BBIC CETH, OYMCTHBIC COOPYKCHHS M TPAHCITOPT.

3emutn JIecHOTO (DOH/Ia BKITFOYAIOT 3€MJIH, IIOKPBITHIC JIECOM, a TAK)Ke HE MOKPHI-
TBIC JICCOM, HO BBIJICJICHHBIC JIJIST HY ]I JISCCHOTO XO35MCTBA U JICCOHACAXKICHUSI.

K 3emirsim BogHOTO (hOH/IA OTHOCSTCSI BCE 3€MIIM, 3aHATHIC BOJIOEMAMH, JICTHU-
KaMH, BEYHBIMU CHETaMH, 00JIOTaMH H.T.I1.

K 3emisiM crieruaibHOTO MCTIOIB30BaHUS OTHOCSITCS 3EMIIH:

- 0c000 OXpaHseMbIC;

- TI0JIOCA TOCYAAPCTBEHHOW IPAHUIIBI;

- IpeAHa3HaYEHHBIC JIJIS TeNIei 0€301TaCHOCTH U O0OPOHBI CTPAHBI,

- TpeaHA3HAYCHHBIC IS TUIUIOMATHYECKHX, KOHCYJIBCKMX M MEXTyHApPOIHBIX
OpraHH3aLNN;

-peTHAa3HAYCHHBIE IS MPOBEACHUS HAYYHO-TEXHOJIOTHUYECKHX M HCCIIEI0Ba-
TEIBCKUX Pa0OT, U3yUEHUS W KOHTPOJIS 32 U3MCHCHHUEM €CTECTBEHHBIX MPOIIECCOB B
ouocdepe;

- MeXaiMaYHbIX PE3EPBHBIX MMACTOMIII JJIs IEPErOHa CKOTa,

- CEHOKOCHI JIJIsl TOCYJapPCTBEHHBIX 3aITaCHBIX KOPMOBBIX (DOHJIOB;

- 3eMJIM  HEPTIHBIX MECTOPOXKICHWMU, MpeaHa3HAYCHHBIE I T'e0JIOTO-
pa3BeOYHBIX PaOOT ¥ HEPTEAOOBIUN;

- 3eMJTH CBOOOTHON SKOHOMHUYECKOM 30HBI.
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B 1997-1999 rogax Obl1 mpoBeeH y4YeT €AMHOTO 3eMeIbHOro (pOoHIa MO BCEi
TEPPUTOPHUH CTPAHBI B COOTBETCTBUU C «3aKOHOM O 3eMJie», TpUHATHIM B 1995 rony.
B pe3ynbTaTe yuera cienaHo clieayroniee:

- OTIpEeJICTICHBI TUIOIAAN 3€MENb TEPPUTOPHUATIBHO-AAMUHUCTPATUBHBIX €IMHMII
B COOTBETCTBUU C TOJOKEHUEM OCHOBHBIX M PACIIMPEHHBIX KiIacCUPUKaUi  eIau-
HOTO 3eMeNbHOTO (OH/A;

- coctabiieH 1aH macimTaba 1 : 100 000 exuHOro 3eMenbHOrO (PoHaA MO BCEM
COMOHaM U pariOHaM.

Heo0OxoauMocTh MOBTOPHOTO TMEpeydeTa €AUHOr0 3eMeIbHOro (JoHAa B COOT-
BETCTBUU € 3aKOHOM «O 3eMeTbHOM KaJacTpe U KaJacTPOBBIX ChEMKax» BO3HUKAET
B CIIyyae M3MEHEHUs KiacCu(UKalUY WM TI0 UCTEYSHUH S-JeTHero cpoka. B paboTte
MO0 TMepeydyeTy HEOOXOANMMO HCIIOJIb30BaTh COBPEMEHHYIO I€0/Ie3MUECKYI0 U BBIYHC-
JUTENbHYIO TEXHUKY, HOBBIE TEXHOJIOTHH U IIporpaMMHOe obecrieueHue. Pe3ynbraThl
OOHOBJIEHHSI B 00SI3aTEJIBHOM IMOPSIJIKE BHOCSTCS B TOCYJApCTBEHHYIO 3€MENIbHYIO
uH(pOpMAaIIMOHHYIO 0a3y.

['ocynapcTBeHHast perucTpaiysi BEIIECTBEHHBIX M 0053aTeIbCTBEHHBIX MPaB Ha
3€MEJIbHBIC YYACTKH SBIISICTCS IOPUAMYECKUM aKTOM MPU3HAHUS U MOJTBEP KICHUS
rocy/1apCTBOM 3THX IpaB. B perucrpanuio mojiexar ciaeayrouue npaBa Ha 3eMelb-
HbI€ Y4aCTKH: COOCTBEHHOCTH; IOCTOSTHHOTO (OECCpOYHOI0) MOJIb30BAHUS; MOKHU3-
HEHHOTO (HacJIelyeMOro) BJIaJICHUS; CEPBUTYT. Takyke JOJKHBI PErUCTPUPOBATHCA
JI0OTOBOpA apeH/Ibl, JOTOBOPA JIOBEPHUTEIHLHOTO YIPABICHUS U UITOTEKH.

B pesynbTarte peructpanuu COOCTBEHHHUK 3€MENBHOTO y4acTKa MOJydaeT CBHU-
JETENLCTBO O TOCYAapCTBEHHOW perucTpanuu npasa. HaumHas ¢ 3Toro MoMeHTa, OH
MOJKET MPOJaTh CBOM 3eMENbHBIA y4acTOK, IMOJAPUTH €ro, OTAATh B 3aJIOT, CAATh B
apeHIy, WIN PacTOpPSAUTHCSA C HUM €Ille KaKUM-HUOyap oOpa3om. Jluia, KOTOpsIM
nepenaeTcsl 3eMeNbHBIM yYacTOK B MOJIb30BaHHUE, JOJDKHBI COOMIOAATh TpeOOBaHMS,
YCTaHOBJICHHbIE COOCTBEHHHUKOM, UYTO HAXOJIUT CBOE OTpakeHue B jorosope. llpu
YCTaHOBJIEHMHM IpaBa MOCTOSHHOrO (0ecCpOYHOro) MOJIb30BaHUS PETUCTPUPYETCS
TOJIKO MEPEXO/]I ITpaBa U BbIJAETCS CBUAETEIBCTBO O TOCYIapCTBEHHON PErUCTpalun
npaBa. [Ipy BO3HUKHOBEHHMH TpaBa MOXU3HEHHOT'O HACIIEyeMOTO BIIAJICHUSI PErH-
CTpUpYETCS TOJBKO TMEpexoja IMpaBa MpH MPEIOCTaBICHUU COOTBETCTBYIOIIETO
IPaBOYIOCTOBEPSIOLIETO JOKYMEHTA U BBIJACTCS] CBUAETEIBCTBO O TOCYIapCTBEHHON
pEerucTpaluu rnpana

[Ipu oOpemeHeHnH 3eMEIBbHOr0 YYacTKa CEPBUTYTOM COOCTBEHHUK HE JIMILIAET-
Csl TIpaB BIIAJCHMS, TIOJH30BAHUS U PACHOPSDKEHHS 3THM ydacTkoMm. CornamieHue o
CEpBUTYTE SBISETCS OOpEMEHEHHEM TpaB MpaBooOIaaTeNsl Ha 3eMETbHBIA YIacTOK.
JIoTOBOpPBI apeH/Ibl U UMOTEKU TAKXKE SIBJISIOTCS OOPEMEHEHHEM IpaB MpaBooOsaga-
TEJST Ha 3€MENIbHBIN y4acToK. JIorTOBOp JHOBEPUTEIBHOTO YNPABICHHUS HEIBUKUMBIM
MUMYIIECTBOM TOCYIapCTBEHHON PErHCTPAIlMK HE MOICKUT, HO Tiepeaada HeABIKH-
MOCTH TI0 JAHHOMY JIOTOBOPY PETUCTPUPYETCS B TOM K€ MOPSAIKE, YTO U MEPEXo]
npaBa COOCTBEHHOCTH HA 3TO UMYILIECTBO.

B nacTosiee Bpemsi Bce BOIPOCHI, UMEIOIINE OTHOIICHHE K 3€MENbHBIM y4acT-
KaM, B TOM YHUCJI€ PETUCTPAIUs MPaB Ha 3eMEJIbHBIC YUaCTKH U CIEITKA C HUMH, OYCHb
aKTyaJIbHBI.

93



Peructpanus npaB Ha 3eMeIbHbBIE YYAaCTKU U CAEIKA C HUMU B MOHroqnu Be-
JIETCA B COTJIACHO CTaThu 26.2 «3aKOHA O 3eMJIe».

Cratps 26.2 «3akoHa O 3eMJIe» IJIaCUT, YTO «TOCYJApPCTBEHHBIM y4eT MO BCEU
KJ1accu(UKAUMU €AUHBIX PETUCTPAIMOHHBIX (DOHMIOB... M IPyrye MOKa3aTeNu Mo aj-
MUHHUCTPATUBHBIM TOJIpa3/ICJICHUSIM JTOJDKHBI ObITh YCTAaHOBJICHBI B 3€MEJIbHBIX Ka-
JACTpax»; TO €CTh TOCYAApCTBEHHAS 3€MeJIbHAsl PerucTpanus A0JkHa ObITh 3aperu-
CTpPUpPOBaHA BO BCEX YIPABJICHUSIX, OTHOCAIIUXCS KO BCEH KiacCU(pUKAIMKU €TUHOTO
3eMeNbHOTO (PoHTa.

Ha ocHOBaHMM BBIIIEYKa3aHHOIO W IO pacnopsbKeHHI0 HadainbHuKa Y30I'mK
Nel89 2003 roma, oTBeTCTBEHHBIE PAOOTHUKH YHPABICHUS 3€EMENIbHBIX OTHOLIECHUN
aliMaKoB, CTOJIMIIBI CTPaHbI, PAllOHOB TOPOJia U COMOHOB JIOJKHBI BECTHU CJICIYIOIINE
pErUCTpallMOHHbBIC KHUTH:

- TOCYJApCTBEHHYIO PETUCTPALMOHHYIO KHHUIY 3€MEJbHOM COOCTBEHHOCTH
(Tpaxk1aH, IOPUTUYECKUX JINIT);

- TOCYJIapCTBEHHYIO PETUCTPAIIMOHHYIO KHUTY TMOJB30BaHMS 3eMIIAIMH  (Tpaxia-
HaMU, aJIMUHUCTPATUBHBIMU €IMHUIIAMH );

- TOCY/IApCTBEHHYIO PETUCTPAIMOHHYIO KHUTY O 3eMeNbHOM apeHze (Tpaxia-
HUHA, a/IMUHUCTPATUBHBIX €IMHHII);

- TOCYJapCTBEHHBIN peecTp 3eMelb (Ha MpuoOpeTeHne 3eMeIbHOT0 Yy4acTKa B
COOCTBEHHOCTb, €r0 UCIOJIb30BAHUE U apEH]TY).

PeructpaniioHHbIE KHUTH 3aIMOJIHSIOT B COOTBETCTBUU ¢ «HCTpyKIHEN O MO-
pSAIKE BBIJAYM CBHUJICTENILCTBA HAa NPaBO IMOJIb30BAHUS W BIIAJICHUS 3€MEIbHBIM
yuyactkom» (mpuka3 HadaiabHuka Y30I'uK Nel65, 2003 ron).

OcHosHvle mpebosanusi K 0esimeabHOCU NO Pe2UCMPAYUU 3eMeNb.

- JI0JDKHA OBITH coOpaHa mocyieaHsst nHpopMalus O 3eMJICBIaACNIbIlE, 3eMIie-
MOJIb30BaTENIC U apEHIATOPE 36MJIM U €T0 HEJIBMKUMOM UMYIIIECTBE (B TOM YHUCIE —
dbaMuIHsI, ©Ms1, OTYECTBO H aJIpec);

- JTOJDKHBI OBITH COOpaHbl BCe HEOOXOAMMBIE MPABOBBIC JOKYMEHTHI, TOJITBEP-
AKIAIOIINE JIMYHOCTH 3EMJIEBIIAJIEbLA, 3€MJICMIOIB30BATENS U apeHaaTopa A mo-
Jy4eHUs MIpaBa Ha BJIAJICHUE WM apeHAY 3€MJIM U HEJBUKUMOTO UMYIIIECTBA;

- BCE MPABOBBIC JOKYMEHTHI, HEOOXOAMMBIC ISl TIOyUYEHUS MpaBa HA 3eMIie-
BJIQJICHUE, 3€MJICTIONb30BAaHUE U apEHIY 3€MEJIb, a TAK)KE Ha BJIAJICHUE HEABUKUMbBIM
UMYIIECTBOM, JOJDKHBI OBITh 3alOJTHEHBI B COOTBETCTBUU C CYIIECTBYIOIUMH HOP-
MAaTHUBHBIMU TPEOOBAHUSIMU U 3aBEPEHBI B COOTBETCTBYIOIIUX YUPEKICHUSIX.

Peructpanvionnas uadopmaiys o 3emje U HEABUKUMOM MMYIIECTBE BKIIIOUACT
B ce0si:

- OCHOBHBI€ CBEJICHUS O BJIAJCIbIE 36MJIM U HEJABUKMMOTO UMYIIIECTBA;

-MaTepHuaibl KaJaCTPOBOM CHEMKH M JIPYTHE KOJIMYECTBEHHbIC U KAUeCTBECHHbIC
MOKa3aTeu, CBA3aHHBIE C 3eMJICH U HEIBUKUMBIM UMYIIIECTBOM;

- perucTpanus npas Ha 3eMJII0 WIN HEABUKUMOE UMYILECTBO.
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Tabnuya 1

JluHaMuKa U3MEHEHHsI €IMHOTO 3€MEJIbHOTO (OoHIa
o kateropusm 3emens (2012-2013 rr.)
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2012 pe.ora 1564115 115309.9 7020 4352 142566 6866 o ooil
2013 lpe.ra 1564115 1153614 6996 4373 142954 6868 249311

Pa3nwnna

0 -14717.8 4215 -13.9 -3943.3 -700.4 0

CormacHo maTepualiaM TocyJapCTBEeHHOW peructpauuu 3emenb (2013 r.) B
Momnrommu 3apeructpupoBano (20758 3eMenbHBIX COOCTBEHHHKOB, 3€MJIEBIIAJICIb-
IIEB U apeHJIaTOpOB, KoTophie pacnopspkaroTcss 5520800,50 ra 3emmu. B Tom uucie
319820 rpaxngan MoHroimu uMeeT B JUYHOM Tonb3oBaHuu 303852,16 ra zemum,
28340 rpaxiaH, rocyJapCTBEHHBIX OpraHU3allUid M XO3SUCTBYIOIIUX CYOBEKTOB IO
pa3penieHuIo COOTBETCTBYIOMMX opranoB ucnonb3ytoT 5000956,6 ra zeminu. Kpome
Toro, 912 rpaxxgaHuH, roCyJapCTBEHHAs OpraHU3AIMS U XO3SUCTBYIOIIUN CyOBEKT
apeayroT 15572,7 ra 3emmu. 175566,21 ra 3emenb - HaXOAUTCS BO BPEMEHHOM
M0JIb30BaHUU 563 MHOCTPAHHBIX TPAXKIaH.

JIJist manpbHENIIero pa3BUTHSL 3€MEJIbHBIX OTHOIICHUU B TOM YHUCJE NI 3€MEITb-
HO-Ka/IaCTPOBBIX pabOT B MEPBYIO OUepeb MpeiaraeTcs:

1. CoBepliieHCTBOBaHUE TMPABOBOTO TMOJIOKEHHS 3€MEIBHOTO KajacTpa, TpeOy-
IOIIIETO PEIICHUS CJICTYIONINX 3a/1a4:

- YCOBEPIIICHCTBOBATh CUCTEMY PETHCTPAIlUN 3eMeb U HEIBMKUMOCTH U TEM
CaMUM JIOCTUYh BO3MOYKHOCTH PETUCTPAIIUHU 3E€MENh BMECTE C HEABMKUMBIM UMYIIIe-
CTBOM (3eMJIs1, 3IaHUsI, COOPYKEHUS, TPOTHKCHHBIEC WHKCHEPHBIE 0OBEKTHI, Jieca, pe-
KM, 03epa U T. 11.);

- TIEPECMOTPETH MOPSATOK PETUCTPAIMH 3EMENIbHBIX TPaB M YCKOPHUTH MPOIIECC
00CITyKUBAHUS;

- TIPY TIPOBEJICHUN KaJaCTPOBOM CHEMKH OOCCIICYMBATH  BBICOKYIO TOYHOCTH
(0,1mMm -M) onpesesieHus TPaHUI] 3eMeJTb OOIIEro MOJb30BaAHNUS,

- BBECTHU CTPOTUM T'OCYAAPCTBEHHBIA HAA30D 3a MOJIYYECHUEM U NEPENAYEH MPaB
Ha 3eMJICBJIaJICHUE, 36MJICTIONB30BAHKE U apEHIY 36MEITb;

- TIPOEKTHI MEPCIIEKTUBHOTO Pa3BUTHS OTACIBHBIX YacTeH TOPOJICKUX 3eMEIlb
(palioHOB, KBAapTaJOB M T. JI.) COCTaBJIATh W yYTBEP)KJAaTh B COOTBETCTBUHU C TCHE-
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paTbHBIM TUTAHOM TOPOJIA, a TAKXKE YTBEPAUTH HHCTPYKIIUIO O CTPOTOM COOJTIOICHHUH
pa3pabOTaHHOTO MPOEKTA;

- YCOBEPIICHCTBOBAThH 3€MEJIbHYIO OIICHKY U YCTAHABIIMBATh 3€MEJIbHbIE HAJIOTH
C YYETOM OKYIIaeMOCTH 3€MJIU.

2. CoBeplIEHCTBOBAHUE CTPYKTYPhI U OPraHHU3alluU ACSTEIBHOCTU TE€X OpraHu-
3a1Mii, KOTOpbIE 3aHUMAIOTCS 3eMEIbHO-KaIaCTPOBBIMU pabOTaMH.

Jiist petieHust 3Tol MpoOIeMbl HEOOXOUMO PEUIUTH CIETYIONTUE 3aJaUu:

- IETaJIbHO PACCMOTPETH IMpaBa U 00S3aHHOCTU 3E€MENBHBIX CIY>KO aMUHUCTpa-
[IUU palilOHOB, TOPOJOB, AaHMAKOB, CTOJIUIIBI M ar€HTJIaroB, KOTOPhIE 3aHUMAIOTCS 3€-
MEJIbHO-KaJaCTPOBBIMU pabOTaMH, MU Ha OCHOBAaHMM 3TOTO YCOBEPIIEHCTBOBATH
CTPYKTYpPY U OpraHu3aiuio pador;

- C IIEJIbI0 YCKOPEHUSI 00CIy)KMBaHUS (PU3NUECKUX U IOPUAMYECKUX JIUI[ OTKa-
3aThCsl OT ILIEHTPATU30BAHHOTO OOCITY)KMBaHUSI U OKa3blBaThb COOTBETCTBYIOIIHE
YCIYTU B CEJIbCKOW MECTHOCTH MOCPEACTBOM 3alpoca U MEPEeadyd CBEACHUN U3 UH-
dbopmarnoHHOM 0a3bl JaHHBIX.

3. Co3manue enIuHON HAIIMOHAIBHON 3eMEeThbHON HMH(POPMAIMOHHON aBTOMATH-
3UPOBAHHOMN CUCTEMBI KaJacTpa.

Jl1s penieHust 3Toi 3aj1aui HEOOX0IUMO 0OECIICUUTh:

- CO3J/aHle €MHON HAMOHAIIBHON 3eMeIbHON MH(OPMAIIMIOHHON CUCTEMBI, KO-
TOpass OOECHEYHUT 3aMHTEPECOBAHHBIM JIMI[AM CBOOOJHBIN NOCTYN K MH(pOpPMAIU O
3eMJIETI0JIb30BAHNH;

- CO3JaHUE €JUHON 3eMeJIbHOM MH(POPMAalMOHHON 0a3bl U peryisipHoe 0OHOB-
nenue uHbopManuu 00 M3MEHEHHUSX IPaBOBOrO CTaTyca 3€MJIM M HEJIBHXKHUMOTO
HMMYIIECTBA (B TOM YHCJIE — PETYJSIPHOE OOHOBJICHUE JaHHBIX KaJaCTPOBOUM CHEMKH);

- BHECEHHE B €IMHYIO 3eMEJIbHYI0 MH(POPMAIIMOHHYIO 0a3y BCEX KagaCTPOBBIX
JAHHBIX W MPOYEH MPOCTPAaHCTBEHHO-PACTIPEICICHHOW MH(OpPMAILMK, YTO TO3BOJIUT
Hay4HO 00OCHOBATh MEPOIPHUATHS IO 3€MJICYCTPOUCTBY U TPAIOCTPOUTEIIHCTRY;

- (DpyHKIIMOHUPOBAHKME YKA3aHHOU BBIIIIE CUCTEMBI IO MPUHIMUITY caMO(pUHAHCH-
pOBaHMUs.

4. IlpoBeneHne 3eMeNbHO-KaIaCTPOBBIX pabOT HA OCHOBE I'€0JIE3NUYECKUX JaH-
HBIX, BKJIIOYAS:

- CO3/IaHUE CETEU CTYIICHUS TOCYIapPCTBEHHOM T'€OAE3UUECKON CETH U ONOPHOU
MekeBoi cetu ¢ nomoibto GPS TexHonoruit Ha Beeit Tepputoput MoHTroIuu;

- obHoBnenue kapt macmradoB 1:100 000 u 1:50 000 Ha BCIO TEPPUTOPHIO
MoHroauu;

- co3aanue 1 o0HoBjIeHHEe KapT MacmTada 1:25 000 1151 cenbCKOX035HCTBEHHBIX
TEPPUTOPUL;

- BBIMIOJTHEHUWE W OOHOBJIEHHME KaJacTpoBbIX cheMok wmacmradoB 1:1 000,
1:2 000 Bo Bcex HaceleHHBIX MyHKTaX CTPaHbI.
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In this paper different aspects of the control of larger and heavier than usual multicopters are
evaluated (more than 8 motors and more than 25 kg of weight). We show that several motors can
fail without a negative impact on stability and altitude. The MATLAB-based simulation and the
cascaded (attitude quaternion/roll-rate) flight control architecture is presented.

In diesem Beitrag werden verschiedene Aspekte der Flugsteuerung von gro3en und schweren
Multikoptern (mehr als 8 Motoren, mehr als 25 kg Abfluggewicht) untersucht. Es wird gezeigt, dass
einzelne Motorausfille die Orientierung und Hohe eines Multikopters nicht negativ beeintrachtigen.
Die fiir diese Untersuchung eingesetzte MATLAB Simulation und die kaskadierte Flugsteuerung
(basierend auf Orientierungsquaternion und Rollraten) wird vorgestellt.

Key words: fault tolerance, UAV, multicopter, manned multicopter, GNSS, INS, control,
navigation, MEMS, motor outage.
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1. INTRODUCTION

The research in the area of small and lightweight unmanned multicopters area
has soared in recent years and many different approaches to navigation and flight
control have been published, see e. g. [1], [2], [5], [6]. The focus on this paper lies on
larger multicopters with more than 8 motors and the potential to carry persons
(manned multicopters) and higher payloads. The architecture of the simulation is
shown in section 2. The attitude control and altitude control system is shown in detail
in section 3. Different motor outage scenarios are evaluated to test the robustness of
such large multicopter constellations in section 4. An example multicopter is shown
in figure 2; this aircraft has an uncommon propeller setup (shown in figure 1) with 18
propellers and is using the control architecture from section 3 of this paper. For the
evaluation in section 4 a multicopter is simulated that is four times larger and almost
20 times heavier than the example model in figure 2.

4 X (Roll)

Mol
oJIoNG
O =3
SNOYoME
ohgdo
O

Figure 1: Motor setup with 18 motors Figure 2: Test UAV 25 kg with
18 motors

2. SYSTEM SETUP

Figure 3: MATLAB-based mass point simulation of a 450 kg multicopter
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To test the flight control and the motor outage scenarios, a simulation environ-
ment was created in MATLAB. Different multicopters with arbitrary mass and pro-
peller configurations can be simulated (see figure 3). Motor power and delay as well
as mass distributions have to be defined for the model.

The simulation is run at several thousand steps per second; the multicopter flight
control is updated at 500 Hz (the control update rate could go up to the simulation
speed in theory). To simulate the aircraft movement, classical rigid body dynamics
equations have to be solved, see e. g. Goldstein (1980). For the attitude, Euler’s first
order differential equation is used to describe the rotation:

T=] - W+&ox (] &) (2.1)

T is the 3-D torque vector, w the 3-D rotation rate vector and J the 3x3 inertia
matrix that is calculated from the aircraft mass distribution. This can be supplied by
accurate CAD models of the multicopter or by mass points (with the mass m; in kg at
position x;, y;z; in meters) as shown in figure 3 with the following equation:

> mi(yi® + z;%) =X MiX;y; =X M;X;Z;
J= =, MX;y; > my(x;2 + z;%) X myiz; . (2.2)
=), M;iX;Z; =) MYz > my(x2 4 v;%)

The moments of inertia of the rotating propellers also have to be considered, a
derivation of the equations can be found in [3]. The motion is based on the well-
known rigid body dynamics in three-dimensional space, according to Newton’s laws.

3. CONTROLLER
For the controller architecture it is assumed that a complete navigation state vec-
tor y© is available at the control loop update time ¢ (see [4]):

Ve = [R(Ofoay X(Dfoay X(Ofoay GME B (3.1)

It consists of the body’s position X(t)peqy, VeloCity ?(t)ﬁody, acceleration

X(t)poay Orientation q(t)p and rotation rate w(t)D, at time t in the e-frame. Alterna-
tively the state vector is defined in respect to the above local navigation-frame, which
is defined to be a frame tangential to the earth’s surface at a fixed point
(Bp—frame» Ln—frame» D) €. Then superscript e would be replaced with n in equation
(3.2).

Figure 3 shows the used multicopter control loop architecture. The attitude block
has a setpoint orientation (quaternion s(t)y) and the current orientation (quaternion
q(t)g). The setpoint orientation can be directly given by a pilot’s input commands or
by a higher level trajectory generator. The attitude control loop then calculates the
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desired rotation rates of the aircraft S_i(t)'gb (in the aircraft body coordinate system)
and hands this over to the rate control loop. The rate control loop could be a simple
PID controller or a more sophisticated adaptive control scheme that learns how the
aircraft reacts and knows how to reach the desired states in an optimal way [2]. The
rate control loop calculates motor actuating via a motor mixer submodule. The motor
actuating variables are then send over to the electronic speed controllers (ESC) of the
motors.

Attitude Control Adaptive Rate > Motor Mixer
Control
ye(®)
Navigation < >ensor measure- Aircraft

Figure 3: Cascaded control setup

The following section explains the principal relationship of torque, rotation rates
and motor actuating variables (u-vector) that is used in the control blocks and the mo-
tor mixer.

The total torque (T) of the aircraft in the aircraft body system (North(X) East(Y)
Down(Z) convention) can be calculated in the following way for n-motors:

1

I A A AL

T = (1-f1 2.2 .. [2-fr )| ). (3.2)
dt-st d?-s? ... gt-st um

Each motor has a local body coordinate system position (L, and 1, ), a direction

d (either -1 or 1), a per-motor torque scale factor s* and a per-motor actuator to
force scale factor fU. Ideally f! and s' are known, otherwise this uncertainty has to
be compensated by the control loops. Normally all £ and s* are the same if the same
type of motors/propeller configuration is used. Equation (3.2) can be rewritten with
the motor matrix K (dimension 3 x n):
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TP =K-| % |. (3.3)

As K is not directly invertible, the Penrose-Moore pseudoinverse K* is calculat-
ed' from K. If the rank of the matrix K is three (3) — and only then, it holds that
K* - K =1, so equation (3.3) can be transformed to:

KT =% | (3.4)

If the rank is not three, the motor configuration makes no sense for a multicop-
ter. This is a good early test for the motor configuration. So for any given desired

torque T? and the pseudoinverse K*, the corresponding motor actuating variables can
be calculated. Of course there is a torque limit, as the actuating variables cannot go
beyond 100 % (numerically 1.0). The resulting actuating variables have to be added
to a base thrust b that is the same for each motor. This base thrust is calculated in the
following way:

h
= —+a. 3.5
b cos¢cose+a (35)

The hover thrust h is estimated by a Kalman filter [7] and corrected by the cur-
rent attitude angles roll (¢) and pitch (8). The term a is a throttle addition from the
altitude position and velocity PD controller [6].

4, EXPERIMENTS

A 450 kg multicopter is simulated with the following configuration: 18 motors
in the layout as shown in figure 1 and the flight control architecture described in sec-
tion 3. Different motor outage scenarios are evaluated, where the motors (indicated in
red) are no longer producing lift. This could happen due to a loose propeller mount-
ing, a mechanical or electrical problem in the motor itself, a malfunctioning of the
electronic speed controller (ESC), a power cable connection problem, an on-board
network problem or a problem in the battery power supply (e. g. an overheating bat-

tery).

For the first scenario, a complete branch of motors is disabled (a branch consists
of three motors). The disabled motors are shown in figure 3. Motor 4, 5 and 6 are dis-

! This calculation takes about 30 ms on a 168 MHz ARM microcontroller for the 18 motor
configuration.
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abled during the simulated flight. As shown in the figure 4, the attitude is affected
along the roll axis by about 4° degrees to the left (as expected by a loss of thrust on
the left side). The height drops from 5.0 meters to almost 4.6 meters and recovers af-
ter less than 5 seconds. The maximum rotation rate is about 8°/s to the left for a brief
period. The overall stability is not critically affected.
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Figure 3: MATLAB-based simulation of a 450 kg multicopter with three motor
errors (motor 4, 5 and 6)

Roll(X): Blue, Pitch(Y): Green, Yaw(2): Red
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Figure 4. Motor outage (3 motors) simulation results. Top left: attitude, top right
rotation rates, lower left: set point rotation rates, lower right: height in metres
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Another interesting scenario is a symmetric motor outage. The previous simula-
tion is extended to the motors 13, 14 and 15 (see figure 5), so a loss of six motors in
total is simulated (1/3 of the total motor count). Due to the symmetry, the influence
on the attitude angles is minor (a few tenth of a degree) and cannot even be clearly
attributed to the simulated motor problems. The only interesting aspect here is the
height (lower right part of figure 6): the temporary height loss is now half a meter un-
til the adaptive altitude control compensates for the motor loss. While the attitude
chance is barely noticeable, the height loss is visible. The actuating variable to hover
goes from 46% up to 66% in this scenario. The other motors have to compensate for
the loss but the overall stability of the attitude remains; although the room to correct
the attitude is smaller in this case, due to the increased hover setpoint of 66%. The
scenario in figure 7 and figure 8 shows that 4 faulty motors on one side are still no
problem. But 5 motors on one side (see figure 9 and 10) is too much for the system
and the height loss is not stopped. The attitude control is more important here so that
an additional safety system, such as a parachute, can be launched. Figure 10 depicts a
strong loss in the roll attitude that can be recovered. So in this scenario a parachute
launch would be possible.
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Figure 5: MATLAB-based simulation of a 450 kg multicopter with six motor
errors (motor 4-6 and 13-15)
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Roll(X): Blue, Pitch(Y): Green, Yaw(2): Red
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Figure 6: Motor outage (6 motors) simulation results. Top left: attitude, top right
rotation rates, lower left: setpoint rotation rates, lower right: height in meters
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Figure 7: MATLAB-based simulation of a 450 kg multicopter with six motor errors
(motor 4-6 and 8)
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Roll(X): Blue, Pitch(Y): Green, Yaw(2): Red
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Figure 8: Motor outage (4 motors) simulation results. Top left: attitude, top right
rotation rates, lower left: setpoint rotation rates, lower right: height in meters
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Figure 9: MATLAB-based simulation of a 450 kg multicopter with five motor errors
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Roll(X): Blue, Pitch(Y): Green, Yaw(2): Red
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Figure 10: Motor outage (5 motors) simulation results from figure 9

5. SUMMARY

A control concept for multicopter applications has been presented that is fault
tolerant and can be used to control very small multicopters (less than 1 kg) up to very
large multicopters (25 kg up to 450 kg and more with more than 8 motors). The safe-
ty aspects of motor outages were analyzed. The attitude and height control is safe
even with outages of up to 4 motors. With 5 or 6 motor problems, the safety depends
on the configuration of the non-working motors. But even a bad configuration (i. e. 5
motors on one side) can maintain a stable attitude, so that for example a parachute
can be deployed.
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[Ipyr BBITOMHEHUH TE€OIE3NYECKOTO MOHMTOPHHIA 34 BBICOTHBIMH 3JAHUSMH
Haubosiee 4acTo HaOJI0/1aeMOil BEIMUMHOM sIBiseTCA KpeH 31aHusa. Kpen Mmakcu-
MaJIbHO XapaKTepu3yeT IoJiokeHue 31aHus. Ha cerogHsimHuil geHb OOJIBIIMHCTBO
TPaAULMOHHBIX METOJ0B ONPENCIICHUs KPEeHa, TAKUX KaK: METOJ MallbIX YIJIOB, Me-
TOJ, NPOEKTUPOBAHUSA, METOJ YIJIOBBIX 3aC€YEK YTPATHIM CBOI AKTYaJIbHOCTb. B
YCJIOBUSAX, KOI'/IA UCIOJB30BAHUE DJIEKTPOHHBIX TaXEOMETPOB CTAJIO IIOBCEMECTHBIM,
Haunbosiee MONyJspPHBIM U OJHOBPEMEHHO 3()PEKTUBHBIM CTaJl KOOPAUHATHBIN METO
onpenesieHuss KpeHoB. C Apyroil CTOPOHBI, IUPOKOE BHEAPEHUE aBTOMATU3UPOBAH-
HBIX CHUCTEM U KOMIUIEKCOB MO3BOJISIET IIPU N€0JE3MYECKOM MOHUTOPHUHIE UCIIOIb30-
BaTh pa3iu4Hble UCTOYHHKU U3MEpPUTEIbHON MHpopMauuu. B ciydyae MOHUTOpHUHTa
ITOJIO’KEHUS BBICOTHBIX 3/IaHUM ABTOMATU3UPOBAHHBIN KOMIUIEKC MOKET BKIIIOYATh:
ANEKTPOHHBIE TAXEOMETPHI, NBYXKoopAuHaTHble naruuku, ' HCC-npueMHuku u mp.
EcTecTBEHHO, YTO HCMOJIB30BAHUE PA3JIMYHBIX THUIIOB U3MEPUTEIHLHOTO 00OpyAOBa-
HUS B NIEPBYIO OYEPENb MOBBIIIAET HAEKHOCTh U KAYECTBO T'€OJE3UNYECKOTO MOHH-
TOPUHIA.

B teuenune nByx jer ¢ 2012 mo 2014 rr. HamMu ObUIM BBITTOJIHEHBI YKCIIEPUMEH-
TaJbHbIE PA0OTHI 110 HAOJIIOJIEHUIO 32 KpEHAMH KOMIUIEKCa BBICOTHBIX 3/1aHUM B II€H-
Tpe r. Knesa. Huxe npencrasieHsl pe3yabTaTbl KOMILIEKCHOTO T€0IE3UYECKOr0 MO-
HUTOPUHIA 33 CaMbIM BBICOKMM, JACHCTBYIOIIMM BBICOTHBIM 3JaHUEM YKpaWHbl —
TOproBo-o(ucHbIM 1eHTpoM «['yimuBepy», obmel BeicoToit 160 M. Cucrema MOHU-
TOPUHTA COCTOsJIa M3 KOMIUIEKCHOTO ucnojib3oBanus ['HCC-nabmogeHuit u mpo-
CTPAHCTBEHHOMN JIMHEWHO-YIJIOBOW CETH, U3MEPEHUN B KOTOPOU BBINOIHSAJINCH JJIEK-
TPOHHBIM TaXEOMETPOM.

B cuny coeii cnenupuku 'HCC-u3mepenus MOIJIM BBITIOJHATHCS TOJIBKO Ha
Kpbiie 31anus. C 3TOH 1eNbl0 Ha KpbILIEe 3[aHusl Ha OTMETKe npuOnu3uteasHo 140
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M, OBLTM YCTAHOBJICHBI JBE CHUCTEMbI MPUHYIUTEIHLHOTO IICHTPUPOBAHUS IS yCTa-
HOBKM ['HCC-antenn (touku SP-1 u SP-2). IlpoextupoBmmkamMu, Takxke ObUIH
oTpeJeeHbl JBE OCH, BJIOJIb KOTOPBIX Ha (acajie 3AaHus ObUIM YCTAaHOBJICHBI MPHU3-
MEHHBIE OTpakatenu, B deTwlpex ceueHusx (touku CII1, CII2, CII3, CII4, CMI1,
CM2, CM3, CM4). Pa3melienue CTaHIUNA CITyTHUKOBOTO HAOJIOIEHUS U MPU3MEH-
HBIX OTpa)kaTejiel MoKa3aHo Ha puc. 1.

Jen W S B

|
|

&

Puc. 1. Pazmemenue otpaxareneit Ha acajie 31aHus

Bokpyr xomruiekca 31anuii Oblla cO3/1aHa MPOCTEHIIasi reoie3udeckas CeThb U3
6a3uca qmHoN okosio 1 kM. [IyHKTBI ceTH Takke 00OpyAOBaHbI CUCTEMAaMHU MPHUHY-
JTUTEIBHOTO EHTPUPOBAHUSI, HA KOTOPbIX ycTaHaBnuBanuch kak ['HCC-nmpueMHuku,
TaK ¥ 3JIEKTPOHHBIE TaxeoMeTphl (puc. 2). [ HabmroaeHuN UCIOIB30BaICs BBICOKO-
TOYHBIN JIEKTPOHHBIN TaxeoMeTp Topcon ¢ CKII nsmepenus BEpTUKAIbHBIX U TOPU-
30oHTaIBHBIX yriioB 1 yrii. cek. u CKII u3mepenus nuauii 2 mm + 2 mm/km. s
I'HCC-usmepenuii ucnonb3oBaiauchk aBa komiuiekta ['HCC-o6opynoBanus. [lpu
3TOM 00a KOMIUIEKTa HMCIOJIb30BAIMCh OJHOBPEMEHHO ISl KOHTpois. Komrekrt
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Topcon GB1000+PG-AT1 6wt yctanosied Ha simaun SP-1 — KueBckuii-2. [lmanoBast
TOYHOCTH JIAHHOTO KOMIUIEKCa cocTaBisieT 3 MM + 1 MM/KM, BBICOTHAasi TOYHOCTb 5
MM + 1,5 Mm/kM. {7151 KOHTpOJIsE OTHOBpEMEHHO Ha TUHUU SP-2 — AnexcanIpoBCKuU-2
ob1 yctanoBieH komruiekT Leica GX 1230 GG + AX1202 GG ¢ TOYHOCTHIO B
miane — 3 mm+ 0,5 Mm/kM 1 o BeicoTe 6 MM + 0,5 MM/kM. Takum 06pa3om, 1o nac-
NOPTHBIM JAHHBIM BBINIOJIHEHHBIE U3MEPEHUS MOXKHO CUMTATh NMPAKTHYECKHA PABHO-
TOYHBIMHU.

Puc. 2. Pazmemenue craniuu GNSS-HaOM01eHUN 1 TAXEOMETPUUECKUX U3MEPEHUMN

Cxema HaOmoIeHUN 32 KPEHOM 3/1aHMs MoKazaHa Ha puc. 3. Bcero 3a gBa rona
OBLIO BBHITIOJIHEHO YEThIpE IUKJIAa HaOmoaeHuil. Ha myHkrax HaOmtonenuit AnekcaH-
npoBckuit 1 KueBckuii-2 BBINMOTHSIIMCH HAOIONCHUS DJIEKTPOHHBIM TaXEOMETPOM.
OpueHTHpPOBAaHUE TaXEOMETPA BBIMOJHSIIOCh HA COCEIHHMIM MYHKT, a ISl KOHTPOJIA
MOCJI€ KaKJIOTO HAOJII0/ICHUS BBHITTOIHSUIUCH U3MEPEHHUSI IBYX KOHTPOJIBHBIX HAIpaB-
nenuit. [lo pesynprataM 3THUX HW3MEPEHUM NOJYYAIHUCh YETHIPE 3HAUYECHUs KpEHa B
CYTKH, U3 KOTOPBIX BBIBOJMJIOCH cpefHee 3HaueHue kpeHa R. B ciayuae ¢ THCC-
M3MEPCHUSIMU HAOIOZCHUS BBHIIOHUIMCH B T€UCHHUE 24 4acoB, W3 KOTOPHIX TAKKE
BBIBOJMIIOCH YCpEeAHEHHOE 3HaueHue kpeHa. Tounocth ' HCC-u3mepenunii Obia orre-
HEHA 10 CYTOYHBIM OTKJIOHEHUSM OT cpeAaHero. Pe3ynbTaThl OIEHKH TOYHOCTH TMpe/i-
CTaBJICHBI B Ta0JI. 1.
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Tabnuya 1
Onenka touHoctu ' HCC-uzmepenuit

Hara Tun npuemHuka CpenHue KBaApaTU4eCKre MOrpeuiHOCTH
X, MM Y, MM Z, MM

28- Topcon GB1000 4,1 4,9 4,6

29.08.2012 Leica GX 1230 GG 3,6 1,8 5,8

Topcon GB1000 2,5 3,2 7,9

24.12.2012 Leica GX 1230 GG 6,1 2,5 9,2

20- Topcon GB1000 2,8 4,5 8,5
21.06.2013

JIo BBIMIOJIHEHUSI OLEHKA TOYHOCTH HAOIIO/ICHUM, Obla BBIMOJIHEHA CTATUCTH-
yeckasa nposepka psaoB 'HCC-uzmepenuil Ha Hanuuue rpyObIX U CUCTEMaTHYECKUX
OLIMOOK.

X “AnexcardpoBekud”

0§ "Kuebckud 2"

Puc. 3. Cxema HaOmroaeHuit
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[Ipexxne Bcero, BcTaeT BOMPOC 00 MCKAKEHUU PE3yIbTaTOB U3MEPEHH IpyObI-
MU omOkamu. st ycTpaHeHus: uX BIUSHUS HEOOXOJUMO IPOBEPUTH U3MEPEHHUS C
IOMOIIBbIO OJHOTO U3 CTATUCTUYECKUX KpuTepueB. Hanbosee nomynspHeIM B reoe-
3UH sABIIsieTCS Kputepuil I'pedOca. 1 mpoBEepKU BBIYUCISAIOT CTATUCTUKU

ZX :Xmax_xmean. X :Xmean_xmin.
max m min m

ZY _ Ymax _Ymean . ZY- _ Ymean _Ymin .
max m min m

ZZ _ Zmax — Zmean . ZZ _ Zmean Zmin
max m min m

Kputnueckas 007acTh onpeesaeTcss BRIpaXKCHUEM Z > Zq- Jst N =24 u ypos-
Hs1 3HauuMocTtu = 0,01 Oynem uMeTh Zq = 3,05.

PHI[ H3M€pCHI/Iﬁ O,HHOﬁ BEJIMYMHBI HanboIee IIPOCTO IMPOBCPUTH HA HAJITMYHUC CH-
CTEMaTHUYECKOM MMOTPpCHIHOCTHU C ITIOMOIIIBIO U3BCCTHOI'O KPUTCPHUA A0OGe. I[JBI KEI)KI[Oﬁ
KOOPpAHNHATLI 06pa3yeM IMOCJICAOBATCIIBHBIC PA3HOCTH!

dX =X - X df =Y, -Y; df=Z,,-Z,.

[To pa3HOCTAM U3MEpPEHUN IS KaKA0M KOOPAUHATHI BEIYUCIISIOT JUCIIEPCUIO

n-1
2 'Zldiz
= I: .
M4 = 5 —1)

Hanmnune B pe3ynprarax M3MEpeHUN CHCTEMAaTUYECKOW IMOTPEIIHOCTH OIpEre-
JISIFOT U3 COOTHOILICHUS

Hannure cucteMaTnyecKkoil MOrPENIHOCTH MPOBEPSCTCS MO MOMaJaHHI0 pacyeT-
HOW BENMYMHBI § B KPUTHYECKYIO 0oOnacth 0> Q. Bennmumny ¢, BeiOupaior u3

Tabu. [1], no koaudecTBy HaOmoaeHut N = 24 u ypoBHto 3Hauyumoctu ¢ = 0,01. B
HAIIIEM ClIyJac 5q =0,57.

BrinonHeHHass mpoBepka MOATBepauiia OTCyTcTBUE B pe3yinbratax [THCC-
M3MEPEHUM TPYObIX M CHCTEMATHYECKHX OIIMOOK. JTO TO3BOJIIET MPEICTABUTH
OKOHYATEJBHBIEC PE3YJIbTAThl T€OAE3UYECKOr0 MOHUTOPUHIA. ISl KaKJ10ro oTpaka-
Tens Ha (acaae W TOYEK CITyTHUKOBBIX HAOIIOJCHUN HA KPBIIMIC OBLIU BBIYMCIICHBI

TOpU30HTaJIbHBIC cMemeHnss R =+ AX 2 L AY? 10 [IUKJIAM.
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Craructrueckas mpoBepKa U3MEPEHUN

Tabnuya 2

Kpurepuii ['pe66ca Kpurepuii A66e
Jlara z 0
X Y Z X Y Z
2,138 2,869 2,377
28-29.08.2012 2.056 1416 2,248 1,116 0,637 1,108
1,496 2,464 1,717
24.12.2012 2.665 1,965 2.254 1,400 1,095 1,114
2,918 2,643 1,750 0,579 0,871 0,869
20-21.06.2013 1302 1.840 2238
Kputnueckoe 3nauenue|3,05 0,57
20
18 =4=CI11
16 V4 =B=CI12
14 g
=e=CI13
12 7
é =e=(Cl14
10 2
@ 8 =e=CM1
6 =0=CM?2
4 CM3
2 - CM4
0 i — SP1
1 SP2
[ukmbr

Puc. 4. 3mepeHHbIE TEPEMEILIEHUS B TOUKAX COOPYKEHUS B IIAHE

AHaJIN3 NOJIYYEHHBIX PE3YJIBTATOB IO TOYHOCTHU MOATBEPKIAAET, YTO B YCIOBUSIX
NAHHOTO DJKCIEPUMEHTa TOYHOCTh JIMHEMHO-YrinoBeiX wu3Mepenniti u [HCC-
MU3MEPEHUN SABJISIETCS CPABHUMOU M TOCTATOYHOM Ul M3MEPEHUS KPEHOB BBICOTHBIX
3maHui. BaxxHo orMetruTh, uyTo Onaromaps ucnoiab3oBanuto 'HCC, B kauecTBe 110-
MOJIHUTEJIBHOTO CPEJICTBA U3MEPEHUH, YIaIOCh YCTAHOBUTH OOIIYIO TEHIEHIUIO T1e-
peMelleHus 3/1aHusl U yKa3aTh Ha HEOOXOAMMOCTh JOIMOJHUTEIbHBIX U3MEPEHUN 1O
HEKOTOPBIM KOHTPOJIbHBIM OTpaXkaTessiM Ha (pacaje 3JaHusl.
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