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OCOBJIMBOCTI HOEJHAHHSA PE3YJIBTATIB JIABEPHOI'O 3D-CKAHYBAHHSA
3 PI3HUX CTAHIIIA 3 BAKOPUCTAHHSAM MATHITHUX COEP

Y cmammi posensdaromucs ocobrusocmi nasepnozo 3D-cxkanysamnna 3 euxopucmamnHam mazuimmux cgep,
PO3MAWOBAHUX Y PI3HUX MICYAX, 3 AHANIZ0M ix euoumocmi. Aemomamuuyna npus’sa3Ka ma 3WUBAHHA CKAHI8

30iticniosanucs npozpamoto Trimble RealWorks. Buxopucmanns maznimnux cghpep 0o3eoasie ompumamu mouni ma

HAOTUHI pe3yibmamu NOEOHAHHSL Pe3yIbMAamie CKAHYS8aHHs 3 0eKLIbKOX CIAHYILL.

Knrouosi cnosa: nazepne 3D-cranysanns, macnimui cgepu, ancopumm 3uiuearts, xmapa mouok, Trimble

RealWorks.

IMocTanoBKka mpodJeMmu

Jlazepue 3D-ckaHyBaHHS B Cy4acHOMY CBiTi CTae
BCce OUIBLI BaXKIMBOIO TEXHOJOTIEIO, sIKa BiJKPUBA€E
0e3MeXHI MOXKIIMBOCTI 11l OTPUMAHHS TOYHUX I'€OMET-
PUYHUX TMapaMeTpiB pisHOMaHITHHX 00’ekTiB. TOX,
3aBJISIKM CBOIM €(PEKTUBHOCTI Ta TOYHOCTI, IS TEXHOJIOTIs
CTa€ HE3aMIHHOIO Y TaKHX Taly3siX, SK BUIIYKYyBaHHS,
CymnpoBij OyIyBaHHS, BAKOHABYE 3HIMAHHS i T€OIC3NIHIN
MOHITOPHHT TOILIO.

OnHak, He3B)KAIOUKM Ha 0Oe3/iv mepesar, sKi Mmporio-
HYy€ JIa3epHE CKaHyBaHH:], iCHYe OOMEKCHHS, SIKE MOXKE
CYTTEBO BIUIMHYTH Ha Pe3yJIbTaTH, a Came: allrOPUTM 3LIH-
BaHHSI OKPEMHX CKaHIB y €JIMHY XMapy TOYOK. bulbLIicTh
CKaHepiB He MaloTh BOY/IOBaHMX MOXKJIMBOCTEH aBTOMa-
THYHOTO 3LIMBAHHS PE3yJIbTATIB CKAHYBaHHS 3 JEKIIBKOX
CTaHLIH. Y 3B’SI3Ky 3 UM, JUTSI OTPUMAHHS €IMHOI XMapu
TOYOK BUKOPHUCTOBYIOTHCS albTepHATHBHI MeToH [1].

CyuacHi KoMIaHii, 0 BHPOOJIAIOTH JIa3epHI CKa-
HEepH, TPOMOHYIOTh PI3HOMAaHITHI MOJIEN 3 YHIKAIbHUMHU
TEXHIYHUMH XapaKTepUCTHKamH. llpaBuibHUII BUOIp
(YHKIIOHATIBHUX MOJIIMBOCTEH CKaHepa BaXXIMBUI NPH
BUKOHAHHI PI3HUX TEXHOJOTIYHHX 3aBJaHb HPOTIAIOM
YChOTO TIPOLIECY: Bijl 3HOMKH 10 OTPUMAaHHS Pe3yJIbTary.
Hanpuxnaz, GpyHKIiOHATBbHI MOXITHBOCTI cKanepa Trimble
TX6, Mo BUKOPUCTOBYETHCS Y Wil poOOTi, TO3BOIIIOTH
aBTOMAaTHYHO 3IIMBAaTH pe3yJbTaTH CKaHyBaHHS 3 JICKiJlb-
KOX CTaHIiii 0e3 BHKOPHUCTAaHHS IOAATKOBOTO 0Omaj-
HaHHS, aje Le He € 3arajJbHUM CTaHIapTOM JUIS BCIX
IPUCTPOIB IbOTO THUIy. [leski Mozeli cKaHepiB IMoTpe-
OyIOTh BUKOPHCTAHHS CIIEI[ialbHUX MAarHiTHHUX cdep
JUTst 3a6e3MeYeHHsT TOYHOCTI 3mmBanHs [2].

AHaJi3 OCTAHHIX JOCTIIAKEHD | myOaikami

TexHi4HI TapaMeTpH JTa3epHUX CKAHEPiB, AK-OT TOU-
HICTb BUMIpIOBaHb, MaKCUMAaJIbHA JAJIbHICTh CKaHyBaHHS
Ta IIBUIKICTh CKAaHYBaHHS, BapilOIOTBCS 3aEXHO Bij
TUITy 00’€KTiB, SIKi MOTPiOHO CKaHyBaTH, Ta HEOOXiTHMX

pe3ynbratiB. BukopucranHs mMarHiTHuX cep cTae Baxk-
JIMBUM aCTIeKTOM /151 3a0e3IIeUeHHs] TOYHOCT] CKaHyBaHH.
BoHU MONEriyloTh MpOLEC 3MIMBAHHI JaHUX 3 PI3HHX
CTaHIi Ta J03BOJSIFOTH ABTOMATHU3YBATH IOIIYK TOYOK
3MIMBaHHA, [0 CIPOIIYe 00POOKY OTPUMAHUX TAHHUX.

OcrtaHHi [OCHIIDKEHHSA B ramy3i nasepHoro 3D-
CKaHYBaHHSI JI03BOJIJIM BCTAHOBUTH MEpEBard Ta HeI0-
JIiKM BUKOpHUCTaHHsI MarHiTHUX cdep [3—7]. Ilepesaroro €
MOXJIMBICTh BUKOPUCTaHHS 1IMX cep sK 3’€THYBaTbHUX
TOYOK Uil 00’€IHAHHS ACKUIBKOX PEe3yJbTATIB CKaHy-
BaHHS 3 PI3HUX CTaHIIH B OJHY XMapy TOYOK B €JMHIi
CHCTEMI KOOp/MHAT. AJrOpUTM, 10 BOYIOBaHUil y Tpo-
rpamHe 3abe3neueHns Trimble RealWorks, apromariuno
BH3HAYA€ MarHiTHI cepr B XMapi TOYOK i 32 JOIIOMOT OO
BIAMOBIAHOT TpaHchoOpMaIli 3’€HYye [Ba CYMDKHHX
pe3yNibTaTd CKAaHyBaHHsS 3 PI3HUX CTaHIi 3a yMOBHU
HasiBHOCTI OUBbINIE HK TPHOX imeHTHYHHX cdep. Oxpim
TOT0, HASIBHICTB cep i3 BOyI0BaHUM peTpopedIeKTOPOM
JIO3BOJISIE OTHOYACHO BU3HAYATH ITOJIOXKEHHS 32 JI0TIOMO-
rOI0 I'e0/IE3NYHHX TOTAIBHHX CTaHIIi# [8].

OnHak BUHUKAE Mpo0JieMa 3 MOBEIIHKOK CKaHepa Ha
pebpax abo yacTuHax, 1110 BUCTyHaTh (puc. 1, 2) [3].

apparent center of laser

spot recorded by camera
resl center of laser spot

)

| | Parallax

Puc. 1. HasiBHiCTB mapaiiakca, 1o IpH3BOJUTh 10
HENPaBWIBHUX TOYOK Ha Kpasx [3]
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Puc. 2. PesynbraT na3zepHoro ckaHyBaHHS IIpU
po3TaIryBaHHI CKaHepa 3I1iBa BiJ) HABEICHUX 300paKeHb.
3miBa: Ha TOCTPOMY Kpai.

[paBopy4: Ha KyJi Ha BeNUKi# BimcTaHi Bix ckanepa [3]

Komu mazepHHil pOMiHBP TEPEXOAWTH HYepe3 Take
peOpo, He BCS TOYKA BIIOOpaKaeThCs, a JIMIIC il HEBe-
JMKa yacTuHa. Kamepa peecTpye 110 4aCTHHY TOYKH Ta
IHTepHIpeTye 11 AK MiTYy TOUKY.

Ie npu3BOAUTH 10 CTBOPEHHS 0AraThboX MOMHMIIKO-
BUX TOYOK, sKi 3MilllcHI B HampsMKy nasepa. Ilicnis
CKaHyBaHHS Il TOYKH [IOBOJUTHCS BHUIAISTH BPYYHY
3 XMapd TOYOK, WI0 € JOCUTh JOBFOTPHUBAIUM i
TPYAOMICTKHM, OCKUIbKH KokHa 3D-Touka BHUIIISIAE
OJIHAKOBO 1 BaXXKO ICHTU(IKYBATH HEMPABHIBHO PO3-
MIIIEHI TOYKH Ta 3a0e3MeYnTH 30epeXeHHs MOTPIOHMX
TOYOK.

Mera crarri

Merta CTaTTi MOJIArae y AOCITIIKEHHI 0COOTHBOCTEH
MOEHAHHS pe3yabTaTiB sazepHoro 3D-ckanyBaHHS 3
JIEKUIBKOX CTaHIiM 3 BUKOPUCTAHHSAM MarHiTHHX cgep.
VY crarti po3mISHYTO aHali3 TEXHIYHMX IapaMeTpiB
nazepHoro ckanepa Trimble TX6 [9], Bapiawii y BuKO-
pHcTaHHI MarHiTHUX cdep Ui 3a0e3nedeHHs] TOYHOCTI
NOEHAHHS PE3yJIbTAaTiB CKaHYBaHH], a TaKOXX BH3Ha-
YCHHS [IepeBar Ta HEJOJIKIB IbOTO MiXO0Iy.

Buxkiiax 0CHOBHOTO MaTepiauy

Jlis mpoBefieHHS eKCHepUMEHTY Oysio o0paHo
3aKpUTE CIOPTHBHE MPHUMIIIECHHS 3 TOBKUHOKW 25 M Ta
mmprHOto 15 M. [puMimeHHs A7 HOIIyKOBOTO CKaHY-
BaHHs 00paHO 3 ypaxyBaHHs HOT0 po3MipiB, 1110 J103BO-
JISIFOTh BUKOHYBATH CKaHYBaHHs 3 JIEKUIBKOX CTaHIiH 3
BIIOMMMH BiacTaHsMH. Ha pi3HHX MOBEpXHAX NPHMI-
IIeHHs Oy/M po3MillieH] MarHiTHI cdepy 3 MaKCHMAaITbHAM
BiloOpaskeHHsIM peabHUX YMOB (puc. 3). Po3ramryBanHs
chep mependayeHO Ha PI3HUX IOBEPXHAX Ta IIif
PI3HUM KYTOM, IIIO JIO3BOJISIE BUBUHTH, SIK HAa PE3yJbTaTh
CKaHyBaHHS ckaHepom Trimble TX6 BmimHyTs pisHi
YMOBH, 30KpeMa OCBITJICHHS Ta KyT BiIOUTTS MPOMEHIB
nazepa.

Ha puc. 4 300paxeHo qeTanpHy CXeMy PO3MILCHHS
MAarHiTHHX cep, a TaKOX IMTO3HAYCHO MICI pO3Tally-
BaHHS CTaHIiH, 3 KX MTPOBEJICHO CKaHyBaHHs. Y ChOTO
OyJI0 BUKOPHCTAHO JIBl CTAHII].

Puc. 4. Cxema po3TalryBaHHs MarHiTHUX cdep

CkaHyBaHHS OyJI0 MPOBEIECHO HAa TPETHOMY PiBHI
TOYHOCTI, TPUBATICTIO 20 XBUJINH Ha KOXKHY 31 CTaHIIN
(19 xBuimH — ckaHyBaHHS; | XBWIMHA — CTBOPEHHS
3HIMKa maHopamu). Ilpum Tperbomy piBHI TOYHOCTI,
BIAMOBiIHO 10 mapamerpiB ckaHepa Trimble TX6, na
nepmux 30 M po3Mip KPOKYy TOYOK CTAHOBUTH 5,7 MM.
3a3HaueHUi piBEHb TOYHOCTI JO3BOJISIE OTPUMATH JIO
555 MiNBHOHIB TOYOK 31 CTaHIIil, 1110 BimoOpaxae obcsr
iHpopmanii TocTaTHIA IS TOAAIBIIOTO aHANi3y Ta
00pOOKY TaHHX.

OO0poOKy pe3ynbTaTiB CKaHYBaHHS 3 IBOX CTaHIIIH
3HIMAaHHA [POBEAEHO 3a JONOMOIOI IPOrPaMHOTO
3abesneuenns Trimble RealWorks. Lle mporpamue 3a-
Oe3reueHHs Npu3HaYeHe 11l 0OpPOOKH BEITMKHX 00CSTiB
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JIaHWX 1 BIJI3HAYAETHCS BHCOKOIO MPOCTOTO0 BHKOPHC-
tauast. Trimble RealWorks mae intyiTuBHO 3po3yminnit
1 IPOCTHH, TMOKPOKOBUII MeXaHi3M pOOOTH TpPH BUpI-
[ICHH] CKJIAJHUX 3aBAaHb LIONO YNPABIiHHSA AaHUMH i
ix amami3i Ta 0OpOOIi, MO JO3BOJISE OTPUMATH PE3YIIh-
Tatd BUCOKoi TounocTi [10, 11]. ABToMaTHYHE BUIIJIEHHS
MapoK (MarHiTHi cepy) B JaHUX CKaHyBaHHS Ta 3IIMBKa
CKaHIB € OJTHI€I0 3 KIIFOYOBUX QYHKIIH mporpamu. Kpim
TOTO, TIporpaMa 3a0e3meduye MBHIKWIN aHANi3 1 pexary-
BaHHS MapoOK 3a JONMOMOrO IHCTpyMeHTa Target
Analyzer Tool. Lleli iHCTpYMEHT [O3BOJSE IIBHAKO
BUSIBIIATH TA PelaryBaTH MapKH Ha pe3yibTaTaX CKaHy-
BaHHS, IO CIPHUSAE TMOJCTIICHHIO MpoIecy O0poOKHu
JAaHKUX Ta 30UIbIIy€e e()eKTUBHICTE POOOTH 3 MPOTPAMOI0

(puc. 5).

Puc. 5. BusiBieHa Mapka 3 aBTOMaTHYHUM [PU3HAYCHHSIM
HOMeEpa

VY Tabn. 1 mpencraBieHO KOHCOINIIOBaHI aHi MOA0
npuB’s3KH cdep, a Ha puc. 6 HaBEJEHO CXeMaTUYHE
300pakeHHs 3 BiJOOPaKCHHSIM aBTOMATHYHO MpPH3HA-
YeHWX HOMEpPIiB MarHiTHUX cdep.

Amnanizyroun gasi Tabn. 1 Ta puc. 6, BU3HAYCHO,
[0 BHKOHAHO IPHUB’SI3KYy PE3yJbTATIB CKaHYBaHHS 3
IBOX CTaHIIH MUIIXOM pO3Mi3HaBaHHA § MAarHiTHHX
chep 3 12-tm. Inmni 4 chepm Tex Oynm posmizHaHI
CKaHEepOM, aJie TUTbKHU 3 OJHOTO OOKY.

Tabmus 1
JlaHi 31IMBaHHS XMapH TOYOK

No Tlpus’s3Ka KinbkicTh KinpkicTh

cbepn (+/9) TOYOK 31 TOYOK 32
CTaHIi1 CTaHIIT

1 + 3925 3706

2 + 6923 6814

3 + 1902 3807

4 + 2955 2926

5 + 751 6771

6 + 1118 4398

7 + 3215 3014

8 + 1302 4274

9 - 5072 -

10 - 5081 -

11 - 5033 -

12 - — 4589

Puc. 6. Hymepauis marHiTHHX cdep

[poananizyBaBIIM 3LIMTY XMapy TOYOK, BCTAHOB-
JICHO, 1[0 TIOBHOI[IHHOMY PO3IIi3HAHHIO MarHITHUX cdep
3 IBOX OOKIB 3aBajiniia IEpeuIKoa y BUIJISII BOJICH-
00JIBHOT CITKM, 3BaXKAIOUM Ha came po3MileHHS cdhep
Ha TICBHOMY (3aHM3BKOMY) PiBHI BHCOTH. 3arajioM cxe-
Ma 3IIMBaHHS II0Ka3aHa Ha pHC. /, a IIOBHOLIIHHA XMapa
TOYOK YChOT'O TIPUMIIIICHHS HaBe/IeHa Ha puc. 8.

Puc. 8. 3munTa XxMapa TOYOK 3aKpPUTOTO MPUMILIICHHS
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Bucnosxu

Jlazepne 3D-ckanyBaHHS 3 BUKOPHCTAHHSIM MarHit-
HUX cep Moxke OyTH BKpall epEeKTHBHUM 1 HaliHHUM
METOJIOM OTPUMAHHS TOYHHX F€OMETPHYHHX IapaMeTpiB
pizHOMaHITHUX 00’€kTiB. [y 3a0e3MeUYeHHS 3a/0BLIb-
HOTO Pe3yJIbTaTy CKaHyBaHHs HeoOxinHo [12]:

— PpO3TamoBYyBaTH MarHiTHI cepu Ha 00’€KTax
abo micusx, ki OyAyTh BUAMMI 3 YCIX TOYOK 3HOMKH.
Ile nmomomoske 3a0e3MEYUTH ONTUMAJbHY BHIUMICTD
cdep 11 KOXKHOTO CKaHyBaHHS;

— po3TamoByBaTH cepy Ha Pi3HUX BHUCOTaX Ta
IUIOIIMHAX 00’€KTa, 0COOIMBO SKIIO 00’ €KT Ma€ CKIIaHy
reoMeTpito abo BEIHKY IUIONLY;

— YHHUKaTH PO3TAllyBaHHA cdep Mmopyd i3 mepe-
IIKOJaMH, SIK-OT CTiHH, CTOBIHM a0o iHIINI 00’€KTH, SIKi
MOXYTb MEPEIIKOPKATH BUIMMOCTI JUIs CKaHepa;

— po3TamoByBaTd cepH Ha Pi3HUX BIICTAaHIX Bif
CKaHepa, 00 OTpUMATH ONTUMAIIbHE TIOKPUTTS 00 €KTa;

— BHKOPHCTOBYBATH JIOCTaTHIO KUIBKICTB cep
Uil 3a0e3NedeHHsT HAAIHOI NPHB’S3KH Ta 3IIMBaHHS
3HIMKIB, allé HE NEepPEBaHTAXYIOUH O0O0’€KT 3aHBUMH
cepamu. Hanpukinan, anst 3MOMKH MPUMIILEHHS, PO3-
TJISTHYTOTO y Wi cTaTTi, 1ocTaTtHho 3 cdhepy;

— TepeKoHaTHucs, o chepr po3TalIoBaHi CTaNo
B IPOCTOPI 1 BUKJIFOYUTHA MOMKIIUBICTh iX 3MIIICHHS ITif
4yac CKaHyBaHHS.
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FEATURES OF COMBINING THE RESULTS OF 3D LASER SCANNING
FROM DIFFERENT STATIONS USING MAGNETIC SPHERES
A. Batrakova, I. Hunko, Ye. Dorozhko, H. Sarkisian, S. Urdzik
Kharkiv National Automobile and Highway University, Ukraine

3D laser scanning is becoming an increasingly important technology in the modern world, opening up endless
possibilities for obtaining accurate geometric parameters of various objects. So, due to its efficiency and accuracy,
this technology is becoming indispensable in such industries as surveying, construction support, executive surveying,
geodetic monitoring, and others.

However, despite the many advantages of laser scanning, it has a limitation that can significantly affect the
results, namely the algorithm for stitching individual scans into a single-point cloud. Most scanners do not have
built-in capabilities to stitch together scan results from multiple stations automatically. Therefore, obtaining a
single-point cloud requires using alternative methods.

Modern laser scanner companies offer a variety of models with unique technical characteristics. The right
choice of scanner functionality is crucial when performing various technological tasks throughout the entire process,
from scanning to obtaining the result. The technical parameters of laser scanners, such as measurement accuracy,
maximum scanning range, and scanning speed, vary depending on the type of objects scanned and the necessary
results. The use of magnetic spheres becomes an essential aspect of ensuring scanning accuracy. They facilitate
stitching data from different stations and allow automated search for stitching points, simplifying data processing.

An algorithm built into Trimble RealWorks software automatically detects magnetic spheres in the point cloud.
It uses an appropriate transformation to join two adjacent scans from different stations if more than three identical
spheres are present.

The article aims to study the peculiarities of combining the results of 3D laser scanning from several stations
using magnetic spheres. It discusses the analysis of the technical parameters of the Trimble TX6 laser scanner,
variations in the use of magnetic spheres to ensure the accuracy of combining scanning results, and the advantages
and disadvantages of this approach.

Keywords: 3D laser scanning, magnetic spheres, stitching algorithm, point cloud, Trimble RealWorks.
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