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METHOD OF AUTOMATIC SELECTION OF ROADS ON THE
SATELLITE IMAGES

Isolation of the road network on satellite images is an important step in updating
topographic maps. Even partial automation of the present stage would allow to speed up
the upgrade process and reduce its cost. The updating process of topographic maps is
relevant to many areas due to the constant changes in the infrastructure area. Nowadays,
digitizing existing topographic maps, and the advent of satellite imagery, reflecting the
current state of the areas, there is a need to address the problem of automatic updating of
topographic maps from satellite images. Automatic extraction of road networks in the
aerospace images is one of the stages of solving the problem of updating topographic maps
from satellite images. Road selection on satellite images is one of the stages of topographic
map updating. In this paper the scheme of automatic map updating is described, the
problem of road network elements localization on the satellite image is formulated,
researches in this area are analized. Proposed by author modified algorithm for road
network elements detection is described. The results of the experiments showed that 76% of
road network are selected.

Keywords: renovation of topographical maps, satellite image, automatic selection of
the road network, the scanning algorithm, the segmentation of satellite image.
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3D-PEKOHCTPYKIUSA OBFBEKTOB C IIOMOIIBIO
BECIIMJIOTHBIX CUCTEM

B cmamve npedcmasnenvt paziuunvie memoovt 3D-pexoncmpykyuu 06vexmog no
CHUMKAM CMePeoCbeMKU Uil cepult CHUMKOS, NPUBEOEHbl NPEeUMYWecmed U HeooCmamKu
NpeonodceHHblX Memooos. borvwioe enumanue 6 cmamve omeedeHo axkmopam
Paccoenacosanust cmepeokamep U memooam ux Kaaubpoexu. IIpedcmaenen maxoice
Memoo YCKOpPeHUs npocyema Kapm 2ryOuHsl nymem uUcnoIb308aHusi MHO2ZONOMOKO8OCMU
epaguueckozo npoyeccopa, umo nosgonum evinoauams 3D-pexoncmpyxyuio é pedxcume
DPeanvHo20 8pemMeHU ¢ NOMOWbI0 BUOEONOMOKA.

Knrueswie cnosa: 3D-pexoncmpykyus, karubposka, kapma 2uyoumsi.
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Berynuienne. 3aada BOCCTAaHOBICHHUS TPEXMEPHBIX OOBEKTOB B HACTOSIIIEE BPEMsI
WHTEHCHBHO pa3palaThIBaeTCsi MHOTMMHU HccienoBarensiMu u pupmamu (Autodesk, Eos
Systems Inc, Image Master, Massachusets Institute of technology, AgiSoft LLC, Kb
«[Tanopama»). Metoabl 3D-peKOHCTPYKIIMK OOBEKTOB B IIOCIEAHES BpEMsl HAaXOIST
HIMPOKOE NPUMEHEHHWE TakKKe B  a’POKOCMHUYECKOW  OTpacid, poOOTOTEXHUKE,
JanamadTHOM JHM3aliHe, TOPHOM 100bIYe, CTPOUTEIbCTBE U Apyrux cdepax. [1]. Boabmioi
CIPOC HAa 3Ty TEXHOJOTUIO MOJYYEHMsI TPEXMEPHBIX MOJENEH BbI3BaH JOCTYIHOCTHIO
¢oTokamep BBICOKOTO Pa3pelIeHus!, TPOU3BOIUTEIHHBIMH BHIYACIUTEIBHBIMU CPEACTBAMU
B 00paboTKe M CpeacTBaMu a’podOTOCHEMKH (MaJBIMU OCCHHIIOTHBIMU CHUCTEMAMH -
MBEC) 11t oxBaTa KpyIHOpa3MEpHbIX WU IUIOIIAAHBIX 00BEKTOB. B oTiinyme OT J1a3epHbIX
CPEICTB CKaHMpOBaHHS cpeacTBa al’podorochemku ¢ MBC gemeBie, momyckaroT
BO3MOXXHOCTh PabOThl C KPYIMHBIMH OOBEKTaMU (TOpHbIE Kapbepbl, MPOTSHKEHHbIE JIMHUU
anextpornepenayn). Texuomoruss 3D-pekOHCTpYKIMH B 3amadax IMOCTOOPaOOTKH U
peaNbHOr0 BPEMEHU UMEET HEKOTOPHIE PA3IMYHUS, YTO PACCMOTPEHO Jajiee.

IHocranoBka 3apanmsi. Llenpio cTaTbu SBISETCS aHAIU3 COBPEMEHHBIX METOJIOB
3D-pekoHCTpyKIIMK OOBEKTOB Ha OCHOBAHHWU CTEPEOM300pakeHUi, TOIy4YEeHHBIX ¢ OopTa
MBC, u ux npuMeHeHHe ISl pelIeHNUs] KOHKPETHBIX 3aa4.

MeToabl  BOCCTaHOBJIGHHS O0BeKTa WIM (OPMBI CIEHBI Ha OCHOBAaHHUH
CTepeon300pakeHU JAeNATCs Ha TpU Kiacca: METOAbl I T'€OMETPUUYECKUX
0COOCHHOCTEH, OCHOBaHHBIC Ha MOKMCKE XapakTepHbix Touek (feature—based approaches),
MeToabl s obnacreii (area—based approaches) [2], a Takke CMeNIaHHBIE METOJIBI
(miscellaneous approaches) [3].

Merozbl, OCHOBaHHBIE Ha [TIOMCKE XapaKTEPHBIX TOYEK, COCTOST B IOMCKE TOYKU CO
3HAUUTENbHBIMU TEpenajgaMu SIPKOCTH WJIM Kakoro-inbo TIpu3Haka H300pakeHus
(HampuMmep, TEKCTypbl WM IIBETOBOIO TOHa) Ha crepeomnape. Yacto MIIyT HE TOUYKH, a
JUHUHM, B TOM YHCJIE TE€, KOTOPbIE MOIYT MOJy4yaTbCsl IYTEM CErMEHTalUuu OOOUX
n300paxxeHU M BpIOOpa TpaHMI] CEIMEHTOB B Kaue€CTBE XapaKTEpHBIX JTUHUH. Mexny
HalIeHHBIMU Ha JABYX M300paKEHMAX TOYKAMH YCTaHABIUBAECTCS B3aUMHO OJHO3HAYHOE
COOTBETCTBHUE IYTEM BBIYMCICHHS KOPPEISIUU (PparMeHTOB U300pakeHUil B OKPECTHOCTH
3TUX TOYEK WJIH, B CIIy4ae CETMEHTAIH, IIyTEM CPABHEHMSI MHTETPAJIBHBIX XapaKTEPUCTHK
CEerMeHTOB. /[ TOuek, B KOTOPBIX B3aMMHO OJHO3HAYHOE COOTBETCTBUE YCTAHOBJICHO,
BBIUHCIISIIOT PAcCTOSTHUE J0 HUX METOJOM TpHUAaHTylsauuu. PaccrosiHMe 10 ocTanbHBIX
TOYEK OOBEKTa MOIY4aroT MOCPEACTBOM MHTEPHOIALMU. MaTeMaTHueCKU TaKue METOJIbI
INPUHAUIEKUT K HIMPOKOMY KJIACCy aJIrOPpUTMOB (HOPMHUpPOBAHHUS MOJEIH OOBEKTa IO
cepuu cHUMKOB (Shape from Motion) [2].

Anroput™msl Juid obsiacTei 06a3MpyIOTCS Ha TOMCKE PacCTOSIHUSA /10 BCEX TOYEK
n3o00pakenus. CyliecTByeT HECKOJIBKO CMEIIaHHBIX METO/I0B, TAKUX KaK CTOXaCTHYECKHH
anroput™ bepnapaa [3]. DToT MeTox M10X0 paboTaeT MpHU HEAOCTATKE MPOCTPAHCTBEHHON
CTpYKTYypbl. Ero cyrp 3akmiouaercs B BBIYMCICHMM KapThl cMmemieHui (disparity) ms
KaX/I0M TOUKM M300paKeHHsI MyTeM MHHHUMU3AIUHM (DYHKIMOHAJIA, COOTBETCTBYIOIIETO
KpUTEPUAM OJIM3KUX NHTEHCUBHOCTEN U TJIaJKOCTH:

m n
F=)
j=1

(i = 1 (i + D@, + Dy )| + ANVDGE NI,
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rae I .(i,)), Ir(i,j) — 3HaueHMs muKceneil neBoro u mpaBoro 300paxenuit; D(i,j) — kapra
cvmemennit; D; (i, j) — cmemenue B HanpasneHny i; D;(i,j) — cMeleHne B HANPaBIEHNUH j;
A— KOHCTaHTa; omeparop V BeaHCcIseT CymMMy aOCONIOTHBIX PAa3HOCTEH MEXKIY
cmemeareM D(i,]) 1 ero BoceMbio OIMKARIINMU COCEIIMH.

BosbmuHCTBO anroputMoB (pOpMHUPOBaHUS MOJEIU OOBEKTa MO CTEPEOCHHUMKAM
(Shape from Stereo) maxomsr ToibKO IpyOble Aetand (GOpMBI 00BEKTa, OCOOCHHO IpHU
HEJIOCTaTKE MPOCTPAHCTBEHHON CTPYKTYPHL. B TO ke BpeMs, 110 CPAaBHEHHUIO C AJITOPUTMOM
dopmupoBanusi Mozenn oObekta mo cepunm cHuMmkoB (Shape from  Shading),
MPOCTPAHCTBEHHAS JIOKATU3aIlMsl KPYITHBIX JeTaneil, 0COOEHHO UX pedep, U KOHTPACTHBIX
IPaHUIl, TPOUCXOIUT CYIIECTBEHHO TOYHEE, a PACCTOSHUS MOTYT ObITh BOCCTAHOBJICHBI B
a0COJIIOTHBIX BEIMYMHAX.

PazHOOOpa3zue MeTo0oB JUKTYET HEOOXOAWMOCTh BBIOOpA TaKUX, KOTOPHIC CTAJIH
Obl pe3ynabTaTUBHBIMU Ui (orocHUMKOB ¢ MBC. [lamee mpencraBieHbl pe3yabTaThl
NPUMEHEHHS PACCMOTPEHHBIX METOJIOB JIJISl PEKOHCTPYKIIMUA OJMHOYHO CTOSIIIETO 0OBEKTa
U PEKOMEHIAIMU OTHOCHTEIBHO Kak pabOThl CO CTEPEOKAMEpOH, IpeIBapUTEIbHOM
HACTPOWKH, KaTMOPOBKH, OTJIAJKH KM KOMIICHCAIMM ONTHYECKUX W MEXaHHMUYECKUX
MCKaKEHHM, TaK 1 0OCOOCHHOCTEH, CBSI3aHHBIX C OKCIUTyaTalluel yCTpoHCcTBa Ha OopTy.

OcHoBHast yacTh. /11 MpakTHUECKOW peam3alul alrOpUTMOB (POPMHUPOBAHUS
3D-u300pakeHus MPUMEHSIOTCS CTaHIApPTHBIC MpOrpaMMHbIe cpecTBa. OHUM M3 TaKUX
CPE/ICTB sIBISCTCS OMOIMOTEKa KOMIBIOTEPHOIO 3PCHUS C OTKPBITHIM HCXOIHBIM KOJOM
OpenCV [5], peanu3oBaHHas ¢ TOMOIIBIO 5A3bIKOB mporpamMmupoBanuss C u C++ u
criocoOHasi paboTaTh CO MHOTHMMH IOMYJISIPHBIMHU ONepanMoHHbIME cuctemMamu (Linux,
Windows 1 Mac OS X). Ota 6ubnuoreka conaepxut 6onee 500 GyHKIUM, 0XBaTHIBAIOIINX
pa3IUYHBIE OOJACTH BU3YyaIM3allMK, OE30MACHOCTH, TOJIh30BATCIILCKUX HHTEP(EHCOB,
KaTMOpOBKH Kamep, 3peHus it pobotoTexHukH. B Ombmmorekax OpenCV kamepa
MoJieUpyeTcs OOBIYHOM KaMepoh-0o0CKypa, a B3auMOCBs3b Mexay 3D-toukoil ¢
koopauHatamu [X,Y,Z] u u3o0pakeHHEM ee MPOEKIUU ¢ KOOPAUHATAMHU [Xscreen » Yscreen)
YCTaHABJIMBACTCS CIICTYIOIIUM BBIPAKCHHEM:

5 [Xscreen Yscreen- 1" = A[Rt][X ,Y,Z,l]T 1

rae S — MPOU3BONIBHBIN MaciiTabupyromuii kodd¢unuent; [R t] — BHemHue mapameTpsl,
npecTaBistomye coboil BpallieHre U MepeHoc, KOTOPhIE CBS3BIBAIOT CHCTEMY KOOPIUHAT
CIIEHbI C CHCTEMOIl KOOpAMHAT KaMmepbl; A - MaTpulla BHYTPEHHUX MapaMeTpOB KaMephl

BHJIA!
fx 7 o
A= 0 fy Cy |,
0 0 1
rae (cx,cy) — KOOpAMHATHI TJaBHOM TOoukH; f — (QOKyCHOE paccTOsHHE KaMephl,

7 — MmapaMeTp, ONUCHIBAIOIINNA aCHMMETPHUIO 0Cceil H300paKEeHHUS.

PaccmoTpuM mocnenoBaTeNnbHO IIArd pealu3aldyd BOCCTAaHOBJIEHHS OOBEKTa ¢
oMOIIEI0 Moyiel ounbmmorexkn OpenCV.

Kanubposxa cmepeoxamepul. Tlponenypa kannOpoBku kKamepsl (puc.l) ocHoBaHa
Ha 00paboTke cepuu cHUMKOB mmaxmatHou nocku (ChessBoards) [6]. C momorsio 3T0i
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MpoLeAypbl OLEHUBAIOT BHYTPEHHUE IMAapaMeTphl KaMmepbl, BHEIIHHWE MapaMmeTphbl IJis
KQXKIOr0 CHUMKA, a Takke KOI(DPUIMEHTH MCKaKEHUs paJualibHOW U TaHTECHIIUAILHON
muctopcun. [lo BHEHNIHMM mapamMeTpaM BHJEOKaMephbl OIpenessioT Mpeobpa3oBaHue
KOOpJMHAT, MEepeBOAAIIee KOOPAUHATHI TOYEK CLIEHbI M3 CHCTEMbl KOOPAMHAT CLEHBI B
CUCTEeMY KOOpJIMHAT, CBS3aHHYI0O C KaMmepoil. Pe3ynbraTomM KaauOpOBKH CUUTAETCS
CHI)KEHHE UCKaKEHUH Y N300pakeHU, KOTOpBIE MOTY4aloT C Kamep.

a o
Puc. 1. Pe3ynbprat npoueaypsl KaTuOpOBKH U PEKTU(UKALIUHN 300pakeHUI:
a — U300paxkeHue ¢ JEeBOM KaMephl; O — N300pakeHue ¢ IPaBoOi KaMepbl

Ilpoyedypa 6vluucieHUs paccoeiaco8anusi Kaxicoo2o Kaopa CmepeoKamepbl
(@pyuryus stereoRectify). C moMoIIbI0 3TOM (PYHKIIUH BBIYUCIISIFOT MATPHUIBI BPAILICHUS JIJIS
KOKIOW KaMmephl, BRIPABHUBAIOT U TMEPENPOCIHUPYIOT K OJHON TUIOCKOCTH H300pasKeHUS
cTepeocucTeMbl. M300paskeHus! BBIPABHUBAIOT TaK, YTO ObI BCE SIUIIONISAPHBIE IMHUH OBLIH
napajie/ibHbl TOPH3OHTAIBLHBIM CTOPOHAM u300paxkenus [7]. DyHKIHMS B KadecTBe
BXOJHBIX JIaHHBIX HCIOJb3yeT BHYTPEHHHE TapaMeTpbl KaMmephl, TOJYYCHHBIC paHeEe.
PesynbraTom nporeaypsl SBISIOTCS 1B MATPHUIIBI BPALIICHUS, & TAKXKE JIBE MPOCKIIMOHHBIE
MaTpHIIBl B HOBBIX KOOP/IMHATAX.

IIpocmpancmeenno-epemennas obpabomka Kaopos 6udeonocied08amenrbHOCHU.
Wcnonp3yercss Ui TOJABICHHUS MHQPPOBOTO IIIyMa Ha BHICOIMOCIEIOBATEILHOCTIX
crepeocucteMbl. lllymomonaBieHre wWMeeT peliaroliee 3HAYeHWUE I OOMIero
(GYHKITMOHUPOBAHHSI CHCTEMBI CTEPEO3PCHIS, TaK KaK HAIMYUE ITyMOB B KaJIpax HE TOJBKO
YXYAIMAeT Ka4eCTBO U300paKCHHsI, HO U BJIHSCT Ha MOCIEAYIONIUE TPOIECChl 00paboTKH
[8]. Takoii mrar o00pabOTKKM IMO3BOJSET TONYYUTh KAYECTBEHHOE H300paKeHHE B
HEONArONMPHUATHBIX YCIOBUSAX OCBEIICHHOCTH.

Boiuucnenue kapmor cmewenuu — disparity. Kapra cmemieHuii ctpoutcst 1o
cTepeonape u300pakeHUd. {7 KakI0M TOYKM HAa OJHOM HW300paKCHHH BBITIOTHSIETCS
MOWCK COOTBETCTBYIOIIEH TOYKH HAa JPYroM H300paK€HUH CTepeocucTeMbl. CMelleHne
TOYKA Ha HM300paXKCHWH COOTBETCTBYET PACCTOSHHUIO J3TOM TOYKH IO Kamephl (TPEThs
koopauHaTa). CyImecTByeT HECKOJBKO OCHOBHBIX TPYII METO/IOB  ONPEICICHUS
cMereHus:  auddepeHmanbHbie  METONbI, MeToa  (a30BOW  KOPPENSIUU, METOJ
comocraBieHuss OnokoB. Hambonee mMMPOKO HA TPAKTUKE TNPUMEHSIOTCS METOJIBI
comocTtaBieHusi OmokoB  StereoBM  u  StereoSGBM  [9]. D10  00ycioBieHo
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YHUBEPCAIbHOCTBIO,  HEBBICOKOM  BBIYMCIMTEIBHOW  CIOKHOCTBIO M BBICOKOM
s¢pextuBHOCTHIO. KaskqoMy mukcento ¢ koopauHaramu (i, |) COOTBETCTBYET CMEIICHHE Ha
Japyrom usobpakenuu crepeokamepsl D = D(i, j).

CmepeopekoncmpyKyusi OmoeibHbIX MOYeK CyeHvl. BU3yaqbHYI0 WHTEPIPETAIUIO
CTEPEOPEKOHCTPYKIIUK TPEACTaBAcHO Ha puc. 2. Ontuueckue neHTpsl Kamep O, O u
HaOmomaeMast Touka M 00pasyroT IUIOCKOCTh P, KoTopas TmepecekaeT IIOCKOCTH
M300paKeHUsI KaMep 10 MPsIMBIM €M™ e ”’m”.

M(X.Y,Z)

Puc. 2. 'eomerpudeckass MHTEPIIPETALNS CTEPEOPEKOHCTPYKIIUN

[To mape COOTBETCTBYIOIIMX TOYEK MOXKHO OIpPEICTUTh KOOPAMHATHI oOpas3a B
TPEXMEPHOM IIPOCTPAHCTBE:!

[XYZW]"=QxyDGi )11,

10 0 —Cy
o0- 0 1 0 —Cy
00 O f ’

0 0 -1/T (ocx—cx)/T

rne T — paccTosHie MeXIy KamepamMu Ha ocu X (KaMepbl pacroiloKeHbl TOPU30HTAIBHO
KOOpAUHATH! Y OJIMHAKOBBI).

Jdns  sroro  ucnonb3yercss  (YHKIMsS — BBIYUCIEHHS ~ KapThl  TJIyOMHBI
(ReprojectimageTo3D), a B kauecTBe BXOJHBIX JaHHBIX MCIIOJIB3YETCS KapTa CMEIICHHIHA, a
Takke Marpuia Q mepcrekTuBHOro npeodpazosanus [10].

Hcnonvsosanue GPU 6 3a0aue cmepeo3penus. YHUBEpCalbHbIE LIEHTPaJbHbIE
npoueccopel  (CPU)  onTuMuM3upoBaHBl IS HWCIOJIHEHHS  OJHOTO  TIOTOKA
MOCJIEIOBATENbHBIX 3a1a4, B TO Bpems kak GPU onTtumMusupoBaHbl Uisi OBICTPOTO
UCIIOJTHEHUST OOJIBIIIONO KOJMYESCTBA MApajUICIbHO BBIMOJIHAEMBIX MOTOKOB 3amad [11].
Monayns GPU B OpenCV coaepxut B ceGe HECKOIBKO ypoBHEH (QyHKIMoHanbHOCTH. Ha
HIDKHEM YPOBHE HAaxOJiATCA peaju3alMd  CIYyKEeOHbIX olepauuid, TakuxX Kak
uHNnManu3auus u ynpasieHue GPU, pabGora ¢ mamsaThio, MEXaHU3M ACHHXPOHHBIX
BBI30BOB. YPOBHEM BBIIIE pPEaNN30BaH HIMPOKHA HaOOp 0a30BBIX (GYHKUUH 00pabOTKH
U300paKeHMii: pas3iauyHble MeTOoAbl (UIbTpAlMM, TOHCK MakcumyMma, adQuHHbIE
npeoOpa3oBaHus, BBYHCICHHE PA3HOCTH HM300paXEHUH B pa3IUYHBIX HOPMax H JIp.
UcnonwszoBanue moayiast GPU no3Bossier 3 peKTUBHO pacmnapaienuBaTh U BBITOJIHATD C
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BBICOKOH CKOPOCTBIO anroputMm (opmupoBanus 3D-n300pakeHus: CIEHBI, YTO SBISETCS
OCHOBOIIOJIATAIOIIMM KPUTEPUEM [Jisi HUCIIOJHEHHS 3aJad CTEPEO3pPEHUs B pexKUME
peanbHOro Bpemenu [12].

IIpakTnyeckass peajm3aums. B  KkadecTBe NpakTHUYECKOM  peanu3anuu
M3JI0KEHHOTO MeTo/1a ObLTa MCIIOIb30BaHa cepHs u3 Oosee uyeM cta Gororpaduit kapbepa
mIomanpo 1 KMZ, BBITIOJIHEHHBIX ¢ 6opTa MBC THNA KBagpokonTep ¢ BHICOTHI 70 METPOB

(puc. 3).

Puc. 3. TpexmepHble MO/IEIH Kapbepa, pEKOHCTPYUPOBAHHBIE TOCPEICTBOM JIa3€PHOT0
ckanupoBanus (1) u ¢ momoiso MeTo10B 3D-pekoHCTpyKIHH (2)

[epexpriTie kanpoB konebamock oT 50 o 70% Ha ogHOM MapmipyTe u oT 20 10
30% Mexay MapmipyraMu. B kadecTBe cpaBHUTEIBHOTO 00pasia Obuia ucnosib3oBana 3D-
MOJIENTb Kapbepa, PeKOHCTPYHPOBAaHHAS ¢ IPUMEHEHHEM JIA3ePHOTO CKaHepa, MOTPEUTHOCTb
KOTOPOTO 3HAYMTENBbHO TMPEBOCXOJUT Ja)Xe pa3pellarollyl0 CHOCOOHOCTh MHUKCENs
doTokameps! Ha moBepxHocTH 00bekTa (GSD-ground sample distance) caumkoB. 3ansTas
TEPPUTOPHS CHEMKH COCTABHIIA MPHOIH3NTENbHO | kM. CpaBHEHHE TOCIE COBMEIICHHS
JBYX MoOjeJeld MoKa3ajlo, 4YTO MAaKCHMaJbHOE paccoriacoBaHHE IO BBICOTE MEXIY
MOJIEISIMH HE MPEBBILIANIO 23 CM.

BeiBoabl. B cratbe mpoaHanM3MpOBaHBI  COBpEMEHHBbIE  MeTomasl  3D-
PEKOHCTPYKIIMK OOBEKTOB, B KOTOPHIX MOXXHO HCIOJBH30BATh CHUMKH, TOJYYE€HHBIE C
6opra MBC. Ilepen ycranoBkoi ctepeokamepbl Ha 60opT MBC TpeOyercsi BbIOIHEHHE
KaTHOPOBOUYHBIX PAa0OT, CBS3aHHBIX C YTOYHEHHEM BHYTPEHHHX MapaMEeTPOB KaMephl,
OTpefieieHueM  ONTHYECKMX HMCKOKEHWW M300pakeHMH ¢ WX  MHUHHUMU3AIHEH,
nonasneHneM nudpoBeix mymoB. [lo momyuenusiM ¢ MBC u3z00paxeHusIM MPOBOIUTCS
BbIUUCIIEHHE KapThl cMmemeHuid u 3D-pekoHCTpykums Touek cueHbl. IIpakruyeckas
peanu3anus IoKasana, YyTo C MOMOIIbIO KaMmepbl ¢ paspemeHueMm 10 meranukcenei u
(GOKYCHBIM paccTossHueM 60 MM IpU CheMKe ¢ BBICOTHI 70 METPOB MOXKHO MOIY4IHTh 3D-
MOJIENIb C MaKCHMAaJIbHO BO3MOKHBIM OTKJIOHEHHEM PEKOHCTPYHPOBAaHHBIX TOYEK, HE
npeBbimaromuM 23 cM. [IpuBeneHHble pe3ynbTaThl adpoPoOTOCHEMKH M MX 00paboTka
CBHJICTEIILCTBYET O BO3MOXKHOCTH MpUMEHEeHHs TexHosnoruu 3D-pexoncrpykiuun ¢ MbC
JUTS PEIICHUS ITUPOKOTO KPyra MPaKTUIECKUX 3a]1ad.
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B.1. KopryHoB,
A.O. MoyaHoB,
I.A. T'eprean
3D-PEKOHCTPYKIIA OB'EKTIB 3A JIOIIOMOTI'OIO BE3IIJIOTHUX
CUCTEM

Y cmammi onucano piznomanimui memoou 3D-pexoncmpykyii 06'ekmis 3a
BHIMKAMU CMepeo3HiMaHHs abo cepii 3HIMKIG, HABeOeHO nepesazu ma HeOONIKu
3anpononosanux  memodis. Bemuxy yeacy 6 cmammi npudireno  axmopam
Hey32001ceHocmi cmepeokamep I memooam ix kaniopyeanus. Ilpeocmasneno maxooic
MemoO  NPUCKOPEHHs  NPOPAXYHKY — Kapm  2AUOUHU — WIAXOM — BUKOPUCTMAHHSL
bacamonomokosocmi  epaghiunoco npoyecopa, wjo oacmv 3mMo2y 6uxkonyeamu 3D-
PEKOHCMPYKYIIO 8 PEACUMI PeaibHO20 YAcCy 3a OONOMO2010 8i0€0NOMOKY.

Knrouoei cnosa: 3D-pexoncmpykyis, kaniopysanms, kapma 2iuOUHU.

V.1. Kortunov,
A.O. Molchanov,
L.A. Gergel
3D-RECONSTRUCTION OF OBJECTS USING UNMANNED SYSTEMS

Currently, there are many methods to reconstruct a three-dimensional model of
objects in proximity ways. The most common methods steel such as simulation by hand in
various 3D-editors, 3D-laser scanning and 3D-reconstruction of objects using images. The
article describes the various methods of 3D-reconstruction of objects from images or
series of stereo images, advantages and disadvantages of the proposed methods. There are
several stages of preparation of a stereo camera for shooting the object: stereo camera
calibration (identify internal camera parameters, external parameters for each picture and
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the distortion coefficients of radial and tangential distortion); rectification of images (the
calculation of disagreement of each frame from stereo camera); spatio-temporal filtering
of images (frames of a video sequence processing for digital noise suppression). Much
attention is given to factors mismatch stereo cameras and methods of calibration. Also
presented a method for accelerating the rendering of depth maps by using threading GPU,
which enables the 3D-reconstruction in real time using the video stream.

Key words: 3D-reconstruction, calibration, depth map.
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UDC 528.7
BEZBORODOVA K.
Student of the faculty of geoinformation systems and territory management,
Kyiv National University of Construction and Architecture

THE USE OF UAVS FOR GEOSPATIAL DATA COLLECTION

In this article, the use of UAVs for geospatial data collection was analyzed.
Nowadays, inexpensive UAVs equipped with high-resolution cameras, laser scanners,
GNSS/RTK receivers and sensors are capable of making sophisticated and spatially
correct maps of survey-grade accuracy with minimum human control. UAVs are bringing
the revolution to cartography making it truly real-time. This article contains the
information about the workflow, analysis of factors, which influence accuracy, accuracy
assessment of one of the most popular drones, comparison of GPS ground topographic
survey and aerial UAV topographic survey, suggested improvements to the modern civilian
drones and skills that professionals in GIS, geodesy and cartography have to acquire
nowadays.

Keywords: UAV, drone, accuracy, GIS, cartography, geodesy

Introduction. Nowadays, inexpensive UAVs equipped with high-resolution cameras,
laser scanners, GNSS/RTK receivers and sensors are capable of making sophisticated and
spatially correct maps of survey-grade accuracy with minimum human control. Mapmaking
takes much less time than ever before. UAVs are bringing the revolution to cartography
making it truly real-time.

The Analysis Of Recent Research And Publications. The most recent research
and publications about UAV technology were analyzed in this article. The analysis shows
that UAVs are already widely used in various fields. Their high accuracy was tested and
proved not only by venders, but also by companies that specialize in surveying. Their time-
and cost-efficiency was proved by comparison of the ground topographic survey and UAV
topographic survey of the same land parcel.

Statement of the problem. The aim of this article is to present the workflow, the
accuracy assessment of one of the most popular UAVs and to show that the provided
accuracy allows us to use UAVs for topographic surveys in Ukraine, which are regulated

© Bezborodova K., 2015
116



	OLE_LINK3
	OLE_LINK1
	OLE_LINK2
	OLE_LINK90
	OLE_LINK91
	OLE_LINK4
	OLE_LINK5
	OLE_LINK18
	OLE_LINK19
	OLE_LINK6
	OLE_LINK7
	OLE_LINK42
	OLE_LINK43
	OLE_LINK30
	OLE_LINK31
	OLE_LINK32
	OLE_LINK33
	OLE_LINK46
	OLE_LINK47
	OLE_LINK94
	OLE_LINK95
	OLE_LINK60
	OLE_LINK61
	OLE_LINK85
	OLE_LINK86
	OLE_LINK26
	OLE_LINK27
	OLE_LINK24
	OLE_LINK25
	OLE_LINK65
	OLE_LINK66
	OLE_LINK84
	OLE_LINK87

