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PE®EPAT
Kpuxosenpkuii Onexcanap Bonogumuposuy
«AHAJI3 Cy4YaCHUX MiIX0AIB /10 MiIBUIIIEHHS TOYHOCTI

HA3€MHOI'0 JIAa3€PHOI0 CKAHYBaAHHI»

AxTyaabHicth Temu. Haszemni mazepni ckanepu (HJIC) Bce wacrime
BUKOPHUCTOBYIOTBCSI B JIEKUIBKOX 3aCTOCYBaHHI, TaKUX SK I1HXEHepis, MHudpoBa
PEKOHCTPYKIlISI ICTOPUYHUX TIaM ATOK, Teo/ie3id Ta OOCTEXEHHS, MOHITOPUHT
nedopmMarliiii KOHCTPYKITiH, 30epeKeHHs KPUMIHAJIBHOT 3JJ04HMHHOCT1, BAPOOHHIITBO Ta
301pKH 1H)KEHEPHUX KOMITOHEHTIB Ta apXiTEeKTypHI1, 1HkeHepHi Ta OyniBenbHI (AEC)
JTOJTATKH.

Jlomycku, HEOOX1aHI Ui MUX 3aBlAaHb, BapiOIOTHCS BIiJ KUIBKOX JECATKIB
MUTIMETPIB (HaMpUKIIaA, B ICTOPUYHIN OLU(POBII MaM’ITHUKIB) 10 KUIBKOX JECATKIB
MIKpOMETPIB (HAmpUKIAI, Y BUPOOHUIITBI Ta CKJIAJl BHUCOKOI TOYHOCTI). 3aBISKH
yuclieHHUM BUpoOHuKaMm 1HcTpyMmeHTiB HJIC, koxkHa 3 SKUX NpPOIMOHYE KIJIbKa
mozeneit HIIC 3 i110CMHKpaTHYHUMU crielu(iKalisiMi, AJI1 KOPUCTYBaYiB € 3HA4YHA
npoOiieMa TOPIBHIOBATH 1HCTPYMEHTH a00 OIIHUTH iX €QEeKTUBHICTh, 1100
BU3HAYUTH, YM BIJIMOBIIAIOTh BOHM crnenudikamisaM. Sk pesynsrar, J0CHIIHUIIBKI
TPyIU B yChOMY CBITi JOKJTAJIA 3HAYHUX 3YCUJIb JIJIST MOJEIIOBAHHS JIKEPEI ITOMUIIOK
HJIC Ta po3po0ku criemiaii3oBaHuX MPOLEAYp TECTYBaHHS OIIHKH e(peKTUBHOCTI. Y
i poOOTI MU PO3MISAAEMO LI 3yCHIUIA, BKJIIOUAIOYU OCTaHHI poOOTH 3 PO3pPOOKH
JTOKyMeHTalbHUX ctanaaptiB ajist HJIIC

Ha cporoguimHiii neHb HazeMHe JjazepHe ckanyBaHHs (HJIC) Bce Oinblie
BUKOPHCTOBYETHCSI 1T BHPIMICHHS HAWPI3HOMAHITHIINX 3a7ad, Cepen SKuX W
1HKEHEpHO-Teoie3nyHuX. BukopucroByroun crnovarky cucremu HJIC mns 3HiMaHHS
CKJIQJIHUX TMPOMMCIIOBUX OO’ €KTIB, KOPHCTYyBaul MMOCTYNOBO PO3LIMPHIIN Taly3i iX
BukopuctanHsa. 3apa3 HIJIC mmmpoko BHKOPHCTOBYEThCS TIpH  Oy/iBHHIITBI,
MapKIIeHAepCbKUX po0OTax, OXOpPOHI TMaM’ATOK KYJIbTYpHOI CHAJUIUHU, IS
BUPILIEHHS PI3HUX 337a4 MPOMHUCIOBOCTI, KJIACHYHOTO TONOTpadiyHOTrO 3HIMAaHHS

Ta,HaBITh, Y KPUMIHAJICTHIII.
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OcoOnMBICTIO  IHXKEHEPHO-TEOJE3UYHUX  pOOIT TMpU  CYNPOBOIKECHHI
OyIIBHUIITBA € IMTIABUIIIEHI BUMOTH J0 1X TOYHOCTI. ToMy MocTae mpakTUYHE 3aBaHHSI
MiBUIIEHHS TOYHOCTI JIaHWX, OTPUMAHUX CIIOCOOOM HA3eMHOTO JIa3€pHOTO
ckaHyBaHHSA. Ha chOrogHi TakuM METOJOM MIABUIICHHS TOYHOCTI SIBIISETHCA
KaJiOpyBaHHS.

Memoro 11€i poOOTH € TPOBEACHHS aHali3y Cy4aCHHUX MIJIXOAIB [0
M1BUIIEHHS TOYHOCTI HA3€MHOT'0 JIa3€PHOTO CKaHYBaHHS.

Jlig peanmizanii 1aHoi METH HaMu OyJiM MOCTaBJI€HI Ta BUKOHAHI HACTYIIHI
3aBJIaHHS:

- TMpoaHaji3yBaTH HasBHI METOAM Ta MOJeNl KamOpyBaHHS Ha3eMHUX
Ja3epHUX CKaHEPIB PI3HUX THUIMIB;

- BU3HAYUTH JpKepesia MOXMUOOK Ta 1X BIUIMB Ha JaHl, OTpUMaHi 3a IOTOMOTO0
HA3eMHOTO JIA3ePHOTO CKaHYBaHHS;

- IpOaHaji3yBaTH Cy4YacHl MIAXOAM A0 MIABUIICHHS TOYHOCTI HA3€MHOIO
Ja3epHOT0 CKaHyBaHHS.

O0’exT moCHiKEHHS—IaHl, OTPUMaHI CHOCOOOM HAa3eMHOTO JIa3epHOTO
CKaHyBaHHSI.

[IpeameT nociiKEeHHI—METOIU 1 MOeNIKaniOpyBaHHsI HA3eMHUX JIa3€pPHUX
CKaHEepiB, 10 BUKOPUCTOBYIOTHCS JIJIsl I1ABULLIEHHS TOYHOCTI.

Kramidikamiitna pobora OakanaBpa MICTUTh 61 cTopiHky, 7 Tabmuip, 27
PUCYHKIB, CTUCOK BUKOPHUCTAHUX JpKeped 13 51 HallMeHyBaHHS.

KarouoBi ciaoBa: nHazemHe naszepHe ckanyBanHs, HJIC, xamOpyBaHHS,
JIIIAP, wMeromu  AWCTaHIIMHOTO 3HIMAHHsS, TPOCTOPOBI  JaHI, CHCTEMHE
KaJmiOpyBaHHs,  IHKEHEPHO-T€ONE3WYHl  poOOTHM,  METOoAMKAa  KalOpyBaHHS,

MM ABUIIEHHSI TOYHOCTI.



ABSTRACT
Krykhovetsky Alexander Vladimirovich
" Analysis of modern approaches to improving the accuracy

of terrestrial laser scanning *

The relevance of the topic. Laser laser scanners (NLS) are increasingly used
in several application, such as engineering, digital reconstruction of historical
monuments, geodesy and examination, monitoring of structural deformations,
criminal offense, production and assembly of engineering components and
architectural, engineering and construction.

The tolerances required for these tasks vary from several tens of millimeters
(for example, in historical digitization of monuments) to several tens of micrometers
(for example, in production and high accuracy). Thanks to numerous NLS tool
manufacturers, each of which offers several NLS models with idiosyncratic
specifications, for users there is a significant problem to compare the tools or
evaluate their effectiveness to determine whether they meet the specifications. As a
result, research groups worldwide have made considerable efforts to model NLS
errors and develop specialized efficiency testing testing procedures. In this work we
are considering these efforts, including the latest documentary standards for NLS

To date, land laser scanning (NLS) is increasingly used to solve a variety of
tasks, including geodetic engineering. Using NLS systems first to remove complex
industrial sites, users have gradually expanded their industries.NLS is now widely
used in construction, marketers, cultural heritage monuments, to solve various
problems in industry, classical topographic removal and even in criminalistics.

The peculiarity of engineering and geodetic works in the support of
construction is the increased requirements for their accuracy. Therefore, there is a
practical task of increasing the accuracy of data obtained by a method of ground laser
scanning. Today, this method of increasing accuracy is calibration.

The purpose of this work is to analyze modern approaches to increasing the

accuracy of ground laser scanning.
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For the realization of this goal, we were set and completed the following
tasks:

- to analyze the available methods and models of calibration of land laser
scanners of different types;

- determine the sources of errors and their impact on the data obtained by
ground laser scanning;

- to analyze modern approaches to increasing the accuracy of ground laser
scanning.

The study object is the Dani obtained by the land laser scanning method.

The subject of the study is the methods and modeling of land laser scanners
used to increase accuracy.

The bachelor's qualification work contains 61 pages, 7 tables, 27 figures, a list
of sources used from 56 names.

Keywords: ground laser scanning, NLS, calibration, lidar, remote removal
methods, spatial data, system calibration, engineering and geodetic work, calibration

technique, accuracy.
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BMCHOBKHA

3aranom, Ha CbOTOJIHIIIHIA JIEHb HE ICHY€ €IMHHUX MOJEJIEN pPO3paxyHKy Ta
BpaxyBaHHS MOXMOOK KyTOBHX Ta JIHIMHMX BHUMIPIOBAaHb HA3eMHHUM JIA3€pPHUM
CKaHEpOM  4Yepe3  PI3HOMAHITHICTb  CKaHEpiB 3  PI3HUMH  TEXHIYHUMHU
XapaKTEPUCTHUKAMU Ta MPUHLUIIAMUA BUMIPIOBAHHS, CKIAJHICTh J)Kepea NOXUOOK, SKi
BKJIFOYAIOTh BHYTPIIIHI XapaKTEPUCTHUKHU CKaHEpa, 30BHINIHI YMOBHU, BJIACTHBOCTI
o0'ekTa CKaHyBaHHS Ta MPOIEC CKaHyBaHHS, a TaKOX CKIAIHICTh MAaTeMaTUIHOTO
MOJICTIIOBAHHS BCIX IMX B3a€MOMOB'si3aHUX (akTopiB. He3Bakaroum Ha 1€, ICHYIOTh
PI3HI MAXOAM J0 OIIHKK MOXHUOOK, TaKi sIK BUKOPUCTAHHS crienudikaIliii BApOOHUKa,
NpOBEJECHHS KaliOpyBaHHs, aHali3 pO30DKHOCTEH 3 KOHTPOJbHUMHU TOYKAMH,
3aCTOCYBaHHS CTAaTUCTUYHUX METOJIIB, MOJICTIOBAHHSI OKPEMHUX JDKEpEN MOXHOOK,
BUKOPHCTAHHS METOJ[iB MAIIMHHOTO HAaBUaHHS Ta po3poOKa eIeMEHTapHUX MOJeNen
noxubok. B pesynbrati, kopuctyBauam HJIC noBoauTbcsi KOMOIHYBATH 111 MiAXOIU
JUIS  OIIIHKM Ta BpaxXyBaHHS TOXMOOK, a po3poOKa yHIBepcalbHOI MOJel
3aJIMIIAETHCS aKTyalbHUM 3aBJIaHHSIM.

AHami3 Cy4acHUX MiJXOJIB JO MIABUIIEHHS TOYHOCTI HA3€MHOTO JIa3€pPHOTO
CKaHyBaHHS CBIIYNTh TIPO AaKTUBHHA PO3BUTOK METOJIB, CIPAMOBAaHUX Ha
MIHIMI3aL1I0 PI3HUX JKEpes TOXUOOK. OCHOBHI HAIIPSIMKH BKJIIOYAIOTh:

o  YIOCKOHAJEHHS TEXHOJOT1 ckaHyBaHHsS: Po3poOka HOBUX CEHCOPIB Ta
IOPUHIMIIB BUMIPIOBAHHS, IO J03BOJIAIOTh 3MEHIIMTH BHYTPIIIHI 1HCTPYMEHTAJbHI
MOXHMOKH Ta IMiIBUIIUTH IIUIHHICTh 1 TOYHICTh OTPUMAHMX JIAHHX.

o Po3Burok wmeromiB  kamOpyBaHHsA:  BjockoHalieHHs — mpoueayp
KajgiOpyBaHHS CKaHepiB aisi Ouibll e(EeKTUBHOTO YCYHEHHS CHCTEMAaTHUYHHUX
noXuOOK, BKIIOYAIOYH PO3pOOKYy aBTOMATU30BAaHUX Ta TMOJBOBUX METOIB
KaJiOpyBaHHS.

o  IlokpameHHsa anroput™MiB 00poOKH aHux: Po3poOka O1IbII JOCKOHAIUX
aNropuTMIB (iIbTpallii, 3MIMBaHHSI CKaHIB Ta BUPIBHIOBaHHS XMap TOYOK, IO
JO3BOJISIIOTh  3MEHIIMTH BIUIMB IIIyMIiB Ta MABUIIMTH TOYHICTh KIHIIEBOTO

pe3ynbTary.
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. MopentoBaHHs Ta KOMIICHCAIlis 30BHINIHIX BIUIMBIB: Po3poOka mMeTomiB
MOJICJIIOBaHHSI Ta KOMIEHcallli MOXMOOK, CIPUYMHEHUX aTMOC(HEpPHUMHU yMOBaMH,
BiOpawisiMK Ta 1HIIUMHU 30BHIITHIMHU (aKTOpaMHu.

o IHTerparis 3 iHIIUMH T€ONPOCTOPOBUMH TeXHOJOTisIMU: KomMOiHYBaHHS
JaHUX JIA3€PHOTO CKaHyBaHHS 3 JaHUMH, OTpUMaHuUMHU 3a gomoMororo GNSS,
dotorpammeTpii Ta IHOIMX METOMIB, ISl MIABHILNEHHS 3arajJbHOI TOYHOCTI Ta
HAJIHHOCT1 pe3yJIbTaTiB.

He3Baxkatouu Ha 3HAUHUN TIPOTPEC, TOCSATHEHHS YHIBEPCATHLHOTO Ta TTOBHICTIO
aBTOMATHU30BAaHOTO TMIAXOMy a0 TigBumieHHs TouHocti HIIC 3anumaerscs
aKTyaJbHUM 3aBAaHHAM. MalOyTHI TOCHIIKEHHS, UMOBIPHO, OYIyTh 30CEpEIKEHI
Ha pO3pOoOLI IHTEJNEKTyaJbHUX CHUCTEM, 3JAaTHHX aJalTUBHO BpPAaxOBYBaTH pI3HI
JpKepenla TOXMOOK Ta ONTHUMI3YBAaTH MPOIEC CKaHYBaHHS Ta OOpOOKM MaHUX IS

JOCATHCHHA MaKCHUMAJIbHO MO>KJIMBOI TOYHOCTI B KOHKPETHUX YMOBaX 3aCTOCYyBaHHS.
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