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Annomayusn. B cratbe peaqn3oBaHO IPUMEHEHUE OECIIMIIOTHOTO JIETATEILHOTO anmnapara,
C YCTaHOBJICHHOW Ha HEM MayorabapuTHOM OOpPTOBOM JIa3epHOW CHUCTEMOM, s
MOJIYYCHUS JIMJIAPHBIX JaHHBIX MECTHOCTH, KOTOpPbBIE BIIOCJIEACTBUHM MPEeoOpa3oBaHbl B
TPEXMEPHBbIE MOJEIM MECTHOCTH W HCIOJIB30BaHbI I KOHTPOJIA HAA 3KOJIOTHYECKOU
00CTaHOBKOW ONPE/IEIEHHOTO YYacTKa 36MHOM MOBEPXHOCTH.

Jlnst cOopa TaHHBIX OBLI UCIIOIB30BAaH METO/I JIA3€PHOI'0 CKAHUPOBAHUSI MECTHOCTH.
O6paboTka nH(DOPMAILIMK OCYIIECTBISIACH C TIOMOIIBIO MPeoOpa3oBaHus o0Jlaka TOUYEK B

TPEXMEPHYIO MOJIC/Ib 36MHOM MOBEPXHOCTH C MOMOIIBIO mporpammbl Agisoft Metashape.
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Jlist cpaBHEHHMSI ABYX MOJEJNE MECTHOCTU HCIOJIb30BAJCS METOJ COBMEIICHHS, CaMO
COBMEIICHUE OCYIIECTBISUIOCH B MpOrpaMMe JJIsi TPEXMEPHOTO MOJCIUPOBAHUS —
«Blendery.

B pesynbpraTe mcciaeqoBaHUsS MOJYYEHBI TaHHBIE O CTPYKTYPHOM pPas3iu4MM JABYX
c(hOpMHUPOBAHHBIX MOJEJEH 3€MHOW MOBEPXHOCTH, MOCTPOCHHBIX B pa3Hble BPEMEHHBIC
POMEKYTKHU JJISI UCCIEAOBAHMS IKOJIOTUYECKOM OOCTAHOBKHM OTCHSITOTO Y4acTKa 3eMHOMU
TOBEPXHOCTH.

[TpumeHeHre OeCUIOTHBIX CUCTEM MOHUTOPUHIA 3€MHOW MOBEPXHOCTH JUIsl cOopa
U JanpHeie o0paboTku JuaapHON MH(OpPMAIMK MPUMEHUMBI B Pa3JIMYHBIX 00JaCTIX
NEeATENbHOCTH YEJIOBEKa, Oy/lb TO aKkTyalH3alus KapThl MECTHOCTU WIH (POPMUPOBAHUE
BUPTYyaJIbHOW MoOJENnu penbeda, NOACYET KOJIMYECTBA [JEPEBbEB, IOUCK JIIOACH,
IJIAHUPOBAHHUE BO3BEACHUS HOBBIX APXUTEKTYPHBIX U MHXKEHEPHBIX COOPYXKEHUMU, OXpaHa
IPaBONOPSAIKA M MOHMTOPUHI SKOJOTMUECKOH 00cTaHOBKA. C MOMOLIBIO JTaHHOTO
moaxojaa Oblla TOKa3aHa MPaKTHYeCKask 3HAYUMOCTh MPOIEcca MOJYYSHHsS] CTPYKTYPHBIX
M3MEHEHHI MEXIy ABYMSI TPEXMEPHBIMH MOJIENSIMHU MECTHOCTH, CHSTHIMHU B Pa3HbIE
MoMeHThI BpemeHu ¢ BIIJIA niis ucnonib3oBanus B chepe SKOJIOTUH.

Knioueevie cnosa: 6oprtoBas nazepHas cuctema, bJIC, BIIJIA, TpexmepHble MozenH,
JIa3epHOE CKAaHMPOBAHMUE, SKOJOTUYECKHI MOHUTOPHHT .
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Abstract. As of today, development of high-precision digital terrain model based on data
of the small-sized onboard laser system for environmental state control is an up-to-date
task. Detection of temporal changes in the landscapes of the controlled zones in dynamics
may relate to such tasks. In this case, plotting the high-accuracy 3D-models of the terrain
may be accomplished by the data of the small-sized onboard laser system, collected in the

current time instant with the archive data free from the current changes. The multi-
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temporal digital models plotting of the terrain allows rather distinctly outline season
changes, such as fire zones detection, the size of the coast brim size of rivers, lakes and
other impoundments, as well as the scales of the swamp terrain forming, ice melting, snow
covers and other temporal changes. Such approach employing for highly-precise digital
terrain model separated by time based on complex procession of the initial laser data
collected from small UAVs is applicable for the purpose of environmental control,
particularly for revealing structural changes of the various themes registered objects,
which is an important and up-to-data task, particularly for wvarious structures
accomplishing search-and-rescue operations, including the ice situation determining, as
well as under Arctic conditions. The purpose of the presented work consists in conducting
the experiment on the UAV application with the small-sized onboard laser system installed
on it for obtaining lidar terrain data, which afterwards would be converted into 3D terrain
models and employed for the environmental situation control of the definite sector of the
Earth surface. The article considers an example of application of the 3D terrain model,
created with the lidar data, to compare two terrain models created according to the same
route assignment with the one-week interval. The data on the structural difference of the
Earth surface models taken off at the different time instants, which can be applied for
studying the environmental situation of the registered section of the Earth surface were
obtained. The results of the study can be used in the modernization of existing systems and
the development of advanced systems for managing the environmental situation in a

certain area of the earth's surface.
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BBenenue

CeronHsi akTyaJdbHOM 3a/iaueil SIBISICTCS MOCTPOCHUE BBICOKOTOYHOM IU(POBOI
mozenu mectHoctH (LIMM) Ha ocHOBE JaHHBIX OT MaJIOTabapUTHOM OOPTOBOI JTa3ePHOU
cuctembl (MBJIC) nmns koHTpoisis 3Konoruyeckor obcraHoBku [1]. K Takum 3amauam
AKOJIOTUYECKOTO KOHTPOJISI MOTYT OTHOCHUTHCS, HAlpHUMEp, OMPEACICHUE BPEMEHHBIX
W3MCHEHUH JaHIImapTOB KOHTPOJIUPYEMBIX 30H B auHamuke [2]. B astom cmydae
MOCTPOCHUE BBICOKOTOYHBIX TPEXMEPHBIX MOJIEIEH MECTHOCTH MOXKET OCYIIECTBISTHCS
no ngaHHbiM oT MBJIC [3], coOpaHHBIM B TEKYIIMH MOMEHT BPEMEHHU C apXHBHBIMH
JaHHBIMHM, Ha KOTOPBIX - TEKymuX u3MeHeHuil eme He Obuto. IlocTpoenue
Pa3HOBPEMEHHBIX ITM(GPOBBIX MOJEICH MECTHOCTH TO3BOJSET JCTAIBHO BBIICTUTH

CJIENYIOIIME M3MEHEHUs: pa3Mmepa OeperoBol KPOMKM pEK, O3€p U IMPOUYUX BOJOEMOB,
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MacimTaboB GOpMUPOBaHUs OOJOTUCTON MECTHOCTH, TasHUS JIbJIOB, CHEKHBIX TIOKPOBOB U
Ipyrue BpEMEHHbIE WM3MEHEHHs. Jcnosp3oBaHME Takoro noaxoAa s IOCTPOEHUs
BBICOKOTOUHBIX [[MM [4] pa3HeceHHBIX 10 BpeMEHH Ha OCHOBE KOMILJIEKCHOW 00pabOTKH
UCXOIHBIX JIA3epHBIX JAHHBIX, coOpaHHBIX Cc Manbeix bIIJIA, mpumeHuMo B IenAx
HKOJOTUYECKOTO KOHTPOJIS, B YACTHOCTH, BBISBICHUS CTPYKTYPHBIX HW3MEHEHUI
3areyaTICHHbIX OOBEKTOB Pa3JIMYHOM TEMAaTUKH, YTO SIBISIETCS BAKHOM M aKTyaJbHOMN
3ajayeil, B OCOOCHHOCTH [IJIsl PA3IUYHBIX CTPYKTYp, OCYLIECTBIIIOIIUX IIOUCKOBO-
criacaTeJbHbIe OIEpalii, B TOM YHCIIE TIPU ONPEAEIICHUH JIEJ0BOI 00CTaHOBKH, a TAKXKE B

YCIOBUSIX APKTHUKH.

Pucynox 1 — BIIJIA ¢ ycranosiennoi Ha Hem MBJIC
Jlns pelienust MOCTaBIECHHOW 3a/1aun npemiaraerca ucnonb3oBatk BIIJIA ¢ MBJIC
(pucynox 1). Ucnonszyemas MBJIC Bkmrowaer B cebsi kKak Jumap, Tak U U(POBYIO
kamepy. Jlugap mpenoctaBisieT TOYHYIO HMH(OpMAIMIO O JAIBHOCTH, QopMme, pasmepe,
UHBIMU  cJoBaMH  (OPMHUPYET MAKCUMAJIbHO HMHPOPMATUBHYIO | YIOOHYIO s

JanbHeie padoThl C TPEXMEPHYIO MOJIEh MECTHOCTH, COCTOSIIIYIO U3 MHOXECTBa



toyek. OAHAKO, HETOCTATKOM JIa3€pHOM CHEMKH SIBJIIETCS TO, YTO OH HE MPEJOCTABISAET
uHpopmaruu o usere u norromy MBJIC BkitouaeT ceds Takxe U HUPPOBYIO KaMepy.
[lepcreKTUBHOCTh MpPEAJIaraéMoro METO/Ja BBhIpaXKEHa B OBICTPOM M MPOCTOM
MOCTPOCHUN TPEeXMepHOW Mozenu [5], mcrmonb3ys IaHHBbIC, MOJYYCHHBIE C ITOMOIIBIO
JA3epHOTO CKaHEpa U BO3MOXKHOCTBIO TPOCTOTO BH3yalbHOTO cpaBHeHUs. HayuHas
HOBH3HA COCTOUT B OTCYTCTBHUH AHAJIOTMYHBIX HCCIIEIOBAHUI MO CO3JAHUIO TPEXMEPHBIX
Mojenen penbeda Ui JalbHEHIIEro CpaBHEHHUS MOJEIeH Mexay coO0OM M BbISIBICHUS

CTPYKTYPHBIX W3MCHCHUI.

AHaJIN3 AHAJOTHYHBIX UCCJIeI0BAHMI

OnHUM 13 U3BECTHBIX CIIOCOOOB CPABHEHUSI TAHHBIX O MOHUTOPUHTE CTPYKTYPHBIX
W3MEHEHHM 3€MHOM TOBEPXHOCTH  SBJSETCA  HMCIOJL30BaHUE  PA3HOBPEMEHHBIX
JaHaa@THRIX  (POTOCHUMKOB, KOTOpBIE IPOXOMAAT OIEPalUi0 MOHOIUIOTTHHTA [6].
MOHOIIOTTHHT — 3T0 (OTOTpaMMETPUYECKUN METOJA H3BICYCHUS TPEXMEPHOM
MIPOCTPAHCTBEHHON WHGOOpPMAIUU U3 HU300paKEHHUS TPHU HATMYUU IUGPOBBIX MOjENeH
penbeda BHICOKOTO pa3pelieHus. B TakoM ciiydae UCIOJIb3yeTcs YKe UMEIOIIasicsl MOAEIb
penbeda U mapbl pa3HOBPEMEHHBIX CHUMKOB pelibeda (pucyHok 2). O6paboTka JaHHBIX

MOJKEeT OBITh OcyInecTBiacHa B mporpamme WSL Monoplotting Tool [7].



Pucynok 2 — [IpuHimn aeiicTBUs MOHOTUIOTTUHTA
JIpyruM aHaIOTHYHBIM CIIOCOOOM MOJKET CTaTh COCTaBICHHME ILIOTHOrO oOJaka
TOYEK MPH MOMOINKM MHOKeCTBa (hoTorpaduid, IIs 3TOr0 MOKET MOJOWTH Mporpamma
Agisoft Metashape [8]. [Tox TepMuHOM 001aKO TOYEK MPUHATO MOHMMATh HAOOP BEPIIUH
B TPEXMEPHOU CUCTEME KOOPAMHAT. DTH BEPIIMHBI, OTIPEACIAIOTC KoopauHatamMu X, Y H

Z W mpeTHa3HAuYeHBbI JIJIS MIPEACTABICHHS BHEITHEH MOBEPXHOCTH 00BbEKTa (PUCYHOK 3).

Pucynok 3 — I[1noTHOe 001aK0 TOUEK

O06ako TOYeK M3HAYAIBHO Oy/IeT UMETh HU3KYIO JETAM3AINI0, U KaK CJICICTBHE,

HU3KYI0 TOYHOCTb MPEACTABICHUS peibeda MECTHOCTH, YTO JacT HE JOCTATOYHYIO



uH(popMaIuio A pasHoBpeMeHHoro cpaBHeHus [9]. Kpome 3Toro, cnoco® BKIIOYAET B

ce0s1 JOJITYI0 PYYHYIO 00pabOTKy U HACTPOUKY.

ITocTaHoBKA 3a/1a4¥ MOCTPOEHUS BHICOKOTOYHOM UG POBOIi Mo1eJ I MECTHOCTH HA
OCHOBE JJAHHBIX OT OOPTOBOIi JIa3epPHOI CHCTEMBbI IJI KOHTPOJIS IKOJIOTrHYeCKOMH
00CTAaHOBKH

s moctpoenust BeicokoTouHOM [IMM Ha ocHOBE JaHHBIX OT OOPTOBOM JIa3epHOMU
CHCTEMbI HEOOXOJMMO NpoBecTH cOop maHHbIX Ha MectHocTd [10]. HyxHO cocTaBUTBH
MOJIETHOE 33JlaHre ¢ HEOOXOUMBIMHU MTapaMeTpamMu, KOTOPhIE 33JJal0TCS B 3aBUCUMOCTH OT
TOYHOCTH KETaeMOro pe3yiabTaTta. [Ipu jkemaHuu MmoayduTh 0oJiee TOYHBIC PE3YNIbTATHI -
HE00XO0IMMO CHHU3UTh BBICOTY ChbeMKH [11]. CTOMT OTMETHTH, YTO B TAKOM CJIydae, TaKKe
BO3pACTaeT BpeMsl MOCTOOPAOOTKHU JaHHBIX.

[Tocne cbopa nmanubix ¢ 6opra MBJIC tpebyercs mpousBecT 0OpabOTKY ATHX
naHHbeiX. OOpaboTka JaHHBIX oOcymiecTBisercs B mporpamme DJI Tera, orryaa
dbopmupyetcs daitn B popmare LAS, B KOTOPOM XpaHATCS 3allUCH JAHHBIX O TOYKaX OT
nunapa (cMm. pucyHku 4 u 5). [loayueHHoe 001ak0 TOUEK B TaKOM BHJI€ MpeoOpa3yeTcs B
TPEXMEPHYI0O MOJEIb C 3aJdaHHOM TOYHOCTHIO [12]. DTo mnpeobOpa3oBaHHE MOXKET
npoucxoauTh B mporpamme Agisoft Metashape. OnuH #u3 BO3MOXHBIX (HOPMATOB
npeoOpa3oBaHus o0aKka TOYEK B TpexmepHylo Mmojaenb — FBX. Jlannbiii dopmar
TPEXMEPHBIX TAHHBIX COBMECTUM C MHOKECTBOM BHUIOB MPOTPAMMHOT0 00CCTICUCHHSI.

BeimontanB  mepBuyHOEe  QopmupoBanue Tpexmepnoir [IMM, Heob6xomumo

COXpaHUTh MAaplIpyTHOE 3aJaHUe M TOJIydeHHble 0OpaboranHble naHHble [13]. YUepes



HEKOTOpOE€ BpeMs, Korja AOHKHO OBbITh IMPOBEACHO CpaBHEHHWE OOCTAaHOBKH, B LEISAX
KOHTPOJISI DKOJIOTMUECKOW 00CTaHOBKH, MPOUCXOAUT HOBOE (POpPMUPOBAHHE TPEXMEPHOU

[IMM, ucmnosb3ysi COXpaHEHHOE MapIIpyTHOE 3aJaHKE, C JaTbHEH 00paboTKOM.

PI/ICYHOK 4 — O0nako TOYEK IO ITKaJIe BHICOTHI HaJl YPOBHCM MOPA

Pucynok 5 — O61ako To4YeK ¢ HaJIOXKEHUEM U300paKEHUM
[TonyuuB nBe pasHoBpemeHHbIE TpexmepHble [IMM, oHM HaknaapIBarOTCS APYr HA
apyr [14], ¥ ¢ TOMOIIBI0 3TOr0 MOTYT OBITh MOKa3aHbl U3MEHEHUE penbeda MECTHOCTH

[15], pa3mbITHE pek, MOCIEACTBHUS MOXapa U APYTUX NPUPOIHBIX U3MeHeHH [16].
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Pe3yabTaThl IKCIEPUMEHTATBHOTO HCCIeT0BAHNUS IBYX TPeXMePHbIX HU(PPOBHIX
Mo e/Iell MECTHOCTH
Jlist DKCIepuMeHTa TPOM3BEACHO JBa CcOOpa JAaHHBIX B TIOJEBBIX YCIOBHSIX.
Bpemennas pasHuia Mexmy cOopamu naHHBIX cocTaBmwia | Hemens. Kaxmoe coOpaHHOE
o0yako To4yek ObLTO0 00paboTaHO U MpeoOpa3zoBaHO B TPEXMEpHYIO Mojenb ¢popmara FBX

¢ momorpio nporpammel Agisoft Metashape (cMm. pucynok 6) [17].

faces: 1,065,163 vertices: 533,693

Pucynok 6 — Co3nianue TpexMepHOU MOAETN
[Ipu cpaBHEHUM ABYX MOXO0KHX TPEXMEPHBIX MOJI€JICH BaXKHO MOHSTH, SIBJSECTCS JIU
pa3HUIla MEXIYy HHMHU CYIIECTBEHHOM WM €€ MOXXHO He mpuHuUMath B pacueT. OO0a
o0beKTa OBUIM TIPEACTABJICHBI B TIOJUTOHAJLHOM BHIE, B KayeCTBE IOJIUTOHA

UCIIONIb30BasICs TpeyroibHUK [18]. CpaBHEHHNE OCYIIECTBISIIOCH ¢ TTIOMOIIBIO HATJISTHOTO

METO/1a — METO/1a HAJIOKEHHU IPYT Ha JIpyra.
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O0e TpexMepHbIe MOJIENIA UMIIOPTUPYIOTCs B iporpammy Blender [19]. [anee onu
HAKJIaJIbIBAIOTCS JPYT HA APYra, MOCJE Yero OTCICKUBAIOTCS H3MEHEHUS peibeda 3eMHOM

MMOBEPXHOCTH (PUCYHOK 7).

. Hecq pre

Pucynok 7 — HanosxxkeHue TpexMepHbIX MOAEIEH
[Tocne Hamoxkenust nByx TpexMepHbix [IMM npyr Ha npyra HaOmromaeTcs
Hebonbmoe paznmuuve [20]. B mepBom ciydae, BbICOTa KycTa OKOJIO O3€pa COCTaBIISET
nopsjaka 7,6 METpOB, MOCIIE€ BTOPOM ChEMKH, BBICOTA KyCTa COCTABIISIET OKOJIO 5 METPOB
(pucynok 8). CrnenoBaTesbHO, MOKHO CJIeJIaTh BBIBOJI 00 M3MEHEHUU PACTUTEIHLHOCTH Ha
JaHHOW MecTHOCTH. J[aHHBIM BBIBOJ OBLI MOJy4deH Oe€3 TpeaBapUTENbHON 00pabOoTKH

TPEXMEPHBIX MOJIEIIEH.
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767167 m,
5.0623%.m

7.67167 m

Pucynok 8 — Otnuure Mexly 1ByMs TPEXMEPHBIMU MOJEIISIMH
Urto6s! yBUIETH OOJIEE AeTaIbHbIE OTIIMYUS HEOOXOIMMO HAJIOXKUTh Ha 00€ MOAEIH
pa3ianyuHble KOHTPACTHBIE TEKCTYphl (PUCYHOK 9). Tak MOXHO pasrisiieTh MeIbYalyro
pasHuIly Mexay oObekTamu. B HameM ciydae pasiuuMsIMH  SBISIOTCA HEOONbIINE

W3MEHEHUS PACTUTEILHOCTH U pebeda.

Pucynok 9 — Otnnune Mex1y AByMs TPEXMEPHBIMU MOJIEISIMU MOcie 00padOTKU
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Takum 00pa3om, ObUT PacCMOTPEH MPUMEP HCHOJb30BaHUs TpexmepHoil MM,
CO3[IJaHHOW C MOMOIUIBIO JUJAPHBIX JAHHBIX, JI1 CPABHEHUS IBYX MOJEJIEd MECTHOCTH,

CO3JaHHBIX IO OJHOMY MapIIPYTHOMY 33JIaHUIO C POMEKYTKOM B OJHY HEJENIO.

BuIBOABI

Hcxoass W3 MOJMYyYEHHBIX pE3yJbTAaTOB CIEAYET, YTO NPOLECC IOCTPOCHUS
BbICOKOTOYHOM [IMM Ha oCHOBEe JIMIAapHBIX JAHHBIX OT OOPTOBOM Ja3€pHON CHUCTEMBI
MO0Ka3aJl CBOIO MEPCHEKTUBHOCTD ISl PEIICHUs OTOOHBIX 3a/1a4.

IIpoBeneHHBI JKCIIEPUMEHT II0Ka3aJl, 4YTO JIa3€pHBIE CHUCTEMBI B IIpoOliECCe
MOCTPOEHUsI MOJEJIEd MECTHOCTH O0JaJaroT pPsIOM IMPEUMYIIECTB, HalpuMep, JaHHAS
TEXHOJIOTHSI MO3BOJISIET MOJYYUTh BHICOKOTOYHBIE JaHHBIE O BBICOTaX U (popme penbeda,
YTO HEOOXOJUMO NpPH MIAHUPOBAHUHU CTPOUTENBCTBA, pa3padOTKe MH(PACTPYKTYPhI WU
BBIMIOJTHEHUM  T'EOJIOTMYECKUX  HccienoBaHuil. Vcmonb3oBanue  ManorabapuTHOIO
OOpTOBOTO JMapa 3HAYMTEIBHO COKpAaLIaeT BpeMs M 3arpaTbl Ha cOOp JaHHBIX IO
CPaBHEHHIO C TPAJUIUOHHBIMM METOJaMH, TaKUMHU KakK a’poOoTOChEMKA WM
TonorpauyecKue U3MEepeHHs.

Ha ceromssimnauil 1eHb TPUMEHEHHUE JTUAapa s MOJyYeHUSI TPEXMEPHBIX MOJEIEN
MECTHOCTH, SIBJISIETCS TEPCHEKTUBHBIM U BOCTPEOOBAaHHBIM BO MHOTUX cdepax
HalpaBlieHUEM, rAe TpeOyeTcs OCYIIECTBISATh MOHUTOPUHI 3€MHOM IOBEPXHOCTH C

BBICOKOM JIeTaln3aiueld HabJr01aeMbIX TEPPUTOPHIA.
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