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PE®EPAT
Crnonzik Annpiii ['puropoBuy

«JlocaiasKeHHs MIABUIEHHS TOYHOCTI HA3eMHOI0 JIa3ePHOI0 CKAHYBAHHS

LVISIXOM KaJIi0pyBaHH»

AkTyanabHicTh TemMH. Hazemue na3zepue ckanyBanns (TLS) mocigae kirodoBe
MICLIE cepell CyYaCHHUX TEXHOJOrd BUCOKOTOYHOTO MPOCTOPOBOIO BUMIPIOBAHHS,
3a0e3Meuyoun MIBUAKE OTPUMAHHS JI€TalbHUX TPUBUMIPHHUX Mojened 00’€KTIB Ta
tepuTopit. IIpore sKicTh 1 HaAINWHICTH PE3yJIbTATIB CKaHYBaHHS 3HAYHOK MIpOIO
3aJieXkaTh B1Jl TOYHOCTI BHYTPIIIHIX [TapaMeTpiB Mpuiamy, cTadlabHOCTI HOro poooTH
Ta TPaBUIBLHOCTI B3a€EMHOTO Y3TO/UKEHHS BCIX KOMIIOHEHTIB CHCTeMHU. HaBiTh
HE3HAYHl MOXMOKM Yy KamiOpyBaHHI JIa3epHOrO CKaHepa MOXKYTb HPHU3BOAUTH O
3MINIEHHST KOOpAuHAT, Aedopmaliii Mozenmi, 30UIbIICHHS MIyMiB a00 MOTIPIICHHS
Tr€OMETPUYHOT BIJIMOBITHOCTI JIAHUX.

Tomy mnuTanHs mniaBumieHHs ToyHocTi TLS nwigxom  3acTocyBaHHS
eheKTUBHUX  METOMIB  KaimiOpyBaHHS  HaOyBa€  OCOONHMBOI  aKTyaJIbHOCTI.
KaniGpyBaHHsi 103BOJIsl€ BUSBUTH Ta KOMIIEHCYBAaTH CHCTEMAaTH4YHI BIAXWUJICHHS Y
poOOTI CkaHepa, CKOPUTYBATH IHCTPYMEHTAIbHI 3CYBH, MOKPAIIUTH Y3TOKCHICTH
0araToCTaHIIIMHUX BUMIPIOBaHb Ta 3a0€3MEUUTH CTAOUIBHICTH OTPUMAHUX NAHUX Y
piI3HMX yMoBax ekcmuyatamii. CyyacHUH MiAXiJg A0 KaalOpyBaHHS BKIIIOYAE SK
FEOMETPUYHI, TaK 1 MaTEMAaTH4HI METOJU ONTUMI3aIlll, 10 JO3BOJSAIOThH MiABUIIUTH
TOYHICTh 0€3MOoCcepeIHhO Ha eTari 300py, a TaKoK Ha CTaall MiCasI00pOOKH.

Takum YWHOM, AOCHIKEHHS, CIPSMOBaHI Ha BJIOCKOHAJICHHS MPOLEIYP
KaiOpyBaHHS HAa3€MHOI'O JIA3€PHOTO CKaHYBaHHS, € HEOOXITHUMHM JUIS TIiBUIICHHS
TOYHOCTI T€ONPOCTOPOBUX JIaHUX, PO3IIMPEHHS Alana3oHy 3actocyBaHHs TLS Ta
3a0e3MeueHHs] 1X BIANOBIIHOCTI Cy4YacHMM BHUMOIaM 1H)XKEHEPHOI TIeojesii,
apXITEeKTypPHUX BUMIPIOBAaHb 1 KaJJaCTPOBUX POOIT.

OTxe, JOCHIPKEHHS TMIJBHUIICHHS TOYHOCTI HA3€MHOTO  JIa3€PHOIO

CKaHyBaHHS 4epe3 YJOCKOHAJICHHS MPOIenyp KaliOpyBaHHS Ma€ Ba)KIMBE HAYKOBE
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Ta MpaKTUYHE 3HaUYCHHS. BOHO cripsiMoBaHe Ha 3a0€3MeUeHHS BUCOKOI JJOCTOBIPHOCTI
TPUBUMIPHUX TEONMPOCTOPOBUX JAHUX, MIJABUIICHHS €()EKTUBHOCTI 1H)KEHEPHUX
BUMIPIOBaHb Ta TOKpAILEHHS 3arajibHOi $KOCTI HUGPOBUX Mojeied 00 €KTIB 1
TEPUTOPIH, 1110 (OpPMYIOThCS 3a JonoMorow TLS.

Memoro 11i€1 poOOTH € MNPOBEACHHS aHai3y Cy4YacHUX MIAXOIIB [0
M1JBUIIIEHHS! TOYHOCTI HA3€MHOTO J1a3€PHOI0 CKaHYBAHHSI.

Jlnst peanizariii 1aHoi MeTH HamMHu OyJiM MOCTaBJEHI Ta BUKOHAHI HACTYIIHI

3aBIAHHS:

- TpOoaHaNi3yBaTH HasABHI METOAM Ta MOJENI KaliOpyBaHHS Ha3eMHHUX
Ja3epHUX CKaHEPiB Pi3HUX THUIIB;

- BU3HAYUTH JpKepesia MOXMOOK Ta iX BIUIMB Ha JaHl, OTpUMaHi 3a I0TIOMOTOI0
HA3eMHOI0 JIA3ePHOT0 CKaHYyBaHHS;

- TIpoaHali3yBaTW Cy4YacHI MiIXOAW JO MIJBUIIEHHS TOYHOCTI HA3€MHOTO
JIa3epHOT0 CKaHyBaHHS.

OO0’eKT nOCHKEHHS—AaHl, OTPUMaHl CIOCcOOOM HA3eMHOIr0 JIA3epHOTO
CKaHyBaHHSI.

[IpeamMeTr AOCHIIPKEHHI—METOAM 1 MOJACTIKaIIOpyBaHHs Ha3eMHHX Ja3epHUX
CKaHepiB, 10 BUKOPUCTOBYIOTHCS JIJISl T1BULIEHHS TOYHOCTI.

Ksamidikamiitna pobora OakanmaBpa MICTUTh 95 CTOpPIHOK, 2 Ta0muIl, 5
PHUCYHKIB, CIIUCOK BUKOPHUCTaHUX pkepen 13 50 HaliMeHyBaHb.

KuarwuoBi cioBa: nHazemHe nazepHe ckanyBaHHs, HJIC, kamiOpyBaHHS,
JIIJIAP, Meroau  JWCTaHIIWHOTO 3HIMAaHHS, WIPOCTOPOBI  JIaHi, CHCTEMHE
KaliOpyBaHHs,  1H)XEHEPHO-T€OJe3UyHl  poOOTH,  METOJMKa  KajaiOpyBaHHS,

MIIBUIIIEHHSI TOYHOCTI.



ABSTRACT

Slodzik Andriy Hryhorovych
"Investigation of improving the accuracy of terrestrial laser scanning by means
of calibration™

Terrestrial laser scanning (TLS) occupies a key place among modern high-
precision spatial measurement technologies, providing rapid acquisition of detailed
three-dimensional models of objects and territories. However, the quality and
reliability of the scanning results largely depend on the accuracy of the device's
internal parameters, the stability of its operation, and the correctness of the mutual
coordination of all system components. Even small errors in the calibration of the
laser scanner can lead to displacement of coordinates, deformation of the model,
increase in noise or deterioration of the geometric correspondence of the data.

Therefore, the question of increasing the accuracy of TLS by applying
effective calibration methods becomes especially relevant. Calibration allows you to
detect and compensate for systematic deviations in the operation of the scanner,
correct instrumental shifts, improve the consistency of multi-station measurements,
and ensure the stability of the obtained data in various operating conditions. The
modern approach to calibration includes both geometric and mathematical
optimization methods, which allow to increase accuracy directly at the collection
stage, as well as at the post-processing stage.

Thus, research aimed at improving calibration procedures of terrestrial laser
scanning is necessary to increase the accuracy of geospatial data, expand the range of
TLS applications and ensure their compliance with modern requirements of
engineering geodesy, architectural measurements and cadastral works.Therefore, the
study of improving the accuracy of terrestrial laser scanning through the
improvement of calibration procedures is of important scientific and practical
importance. It is aimed at ensuring high reliability of three-dimensional geospatial
data, improving the efficiency of engineering measurements and improving the

overall quality of digital models of objects and territories formed using TLS.



5

The purpose of this work is to analyze modern approaches to improving the
accuracy of terrestrial laser scanning.

To realize this goal, we set and completed the following tasks:

- to analyze the existing methods and models of calibration of ground laser
scanners of various types;

- to 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 terrestrial laser
scanning.

The object of the study is data obtained by means of terrestrial laser scanning.

The subject of research is methods and models of calibration of ground laser
scanners used to increase accuracy.

The bachelor's qualification work contains 2 pages, 2 tables, 5 figures, a list
of used sources with 50 titles.

Key words: terrestrial laser scanning, NLS, calibration, LIDAR, remote
sensing methods, spatial data, system calibration, engineering and geodetic works,

calibration technique, accuracy improvement.



3MICT

BCTYII

PO3LI 1. 3BAPYBI)KHUI JOCBIJI BAKOPUCTAHHS HABOPY

JAHUX HASEMHOTI'O JIABEPHOI'O CKAHYBAHHSA AJIsA

KAJJACTPOBOI 3MOMKHA

1.1. MerononoriyHi  MIAXOAW  3aCTOCYBaHHS  HA3eMHOTO  JIa3€pPHOTO
CKaHyBaHHS B KaJIaCTPOBUX CHCTEMax MPOBIAHUX KpaiH CBITY

1.2. [TpakTruHi Mozem Ta TEXHOJOTIYHI pillleHHs BUKOpucTaHHS TLS y
mporieci kagactpoBoi 3iomku B €C, CIIIA ta A3zii

1.3 [TopiBHsIbHA OIliHKA ePeKTUBHOCTI BrpoBakeHHs: TLS-TexHonoriit y
KaJIaCTPOBY MIPAKTUKY Pi3HUX KpaiH

BucnoBku 10 1 po3ainy

PO3JIJI 2. KOMILUIEKCHUM OIJsIT MATEMATHUYHOI

XAPAKTEPUCTHUKHU NOMMUJIOK TA CTPATEI'TH IX SMEHIIEHHSI

B HABEMHOMY JIASBEPHOMY CKAHYBAHHI

2.1 Maremarnuna kinacu@ikaiis Ta mapaMeTpu3allisi  [OMHIIOK Y
HA3eMHOMY JIa3€PHOMY CKaHyBaHH1

2.2. AHaJITUYHI Ta CTAaTUCTUYHI METOOM OILIHIOBAHHSI 1 MOJEJIIOBAHHS
noxubok TLS

2.3. Crparerii MiHiIMi3allli TOMUJIOK Ha OCHOBI MareMaTUYHUX aJTOPUTMIB

Ta KajaiopyBaJIbHUX MPOLETYP
BucnHoBku 510 2 po3ainy
PO3J1J1 3 TIOKPAILIIEHHSA AKOCTI JAHUX JIASEPHOI'O
CKAHYBAHHS 3 NOBITPA 3ABASAKA PETEJIBHOMY
KAJIIBPYBAHHIO TA KOMIIJVIEKCHUM METOJAM

HAJIALITYBAHHSA CMYT

3.1. Metogu Ta miAXoau KajiOpyBaHHS aepoJla3epHUX CKaHYBaJbHUX
CUCTEM JUISI MiIBUIIICHHS] TOYHOCTI T€OMPOCTOPOBUX TAHUX

3.2. KommiekcHi TexHOJOT11 KaniOpyBaHHsI Ta HAJIAIITYBaHHS
napaMmeTpiB MOJBOTY Ta CKaHYBaHHS JIJIsl MiHIMI3aIlli TOXHOOK
ALS-manux

3.3. Ominka epeKTUBHOCTI BIOCKOHAJIEHUX MPOLEAYp KaliOpyBaHHS B

koHTeKcTI masuiieHHs skocti LIDAR-gannx
BucHoBku 10 3 po3ainy
BUCHOBKUA
CIIMCOK BUKOPUCTAHUX JI?KEPEJI

10

10

14

17

20

21

21

27

30
33

34

34

37

41
46
48
50



BUCHOBKMU

JlocBig MpOBIOHUX KpaiH CBITY MIATBEPIKYE, IO BOPOBaIKEHHA LS €
YaCTUHOIO IUPIIOT TEHEHIIIT 0 cTBOpeHHs TpuBuMipHHX KanactpiB (3D Cadastre).
BukopucranHs 1€l TEXHOJOTiI CYTTEBO IIiJIBUINYE TOYHICTh, JOCTOBIPHICTH Ta
e(EeKTUBHICTh KAJaCTPOBUX MPOLECIB, JO3BOJIAIOUM PEECTPYBATH HE JIMILE
IUIOIMMUHHI, aje ¥ 00'eMHi (6araTomoBepXOBi, MiA3eMHi1) O00'€KTH HEPYXOMOCTI 3
HEOOX1THOI IOPUINYHOIO Ta TEXHIYHOK TOYHICTIO.

Takum uymHOM, TLS € He mNpocTo I1HCTPYMEHTOM, a CTpaTeriyHUM
METOJIOJIOTIYHUM M1AX00M, III0 TPAaHC(HOPMYE KalaCTPOBY MPAKTUKY.

3anponoHoBaHe AOCHIKEHHS €(pEKTUBHO BUpILIy€e MPOOJIEMY MiJBULIECHHS
SAKOCTI T€ONPOCTOPOBHX [JAHUX, OTPUMAHUX 32 JOINOMOIOK aepoia3epHOro
ckanyBanHsg  (ALS), 1nwisxoM  BOPOBa)KEHHS  JBOX  KOMIUIGKCHHUX — Ta
B3a€MOJIONIOBHIOIOUUX ~METOJIB. PUTOPUCTHYHOIO KajdlOpyBaHHSA CHUCTEMH Ta
po06acTHOTO 3pIBHIOBAHHS CMYT.

Ocnosni [locaenenns

1. MiHiMizamiss DoXuOOK: IOCIIKEHHS HOCArac 3HAYHOI'O 3MEHIIEHHS 5K
CUCTEMATUYHUX (Uepe3 KamOpyBaHHs), TaK 1 BUAAKOBUX (depe3 3pIBHIOBAHHS CMYT)
MOXHOOK.

2. Kani6pyBanns (MOZIETPHO-OP1EHTOBAHU I METON): BIIEpILIE
3aMpONOHOBAHO aBTOMATU30BAaHUM, PUTOPUCTUYHUN Ta OJHOYACHUN MpoOIleC
KaJIOpyBaHHS 30BHIIIHIX (OpIEHTallsd CEHCOPIB) Ta BHYTPIMIHIX (IapamMeTpu
ckaHepa) mapameTpiB cuctemu. Lle 3a0e3neuye GpyHIaMEHTAIbHY KOPEKIIII0 JKEepe
NOXUOOK, 110 € KPUTUYHHUM JIJIs1 pO3yMiHHS pobotu ALS-cucremu.

3. 3piBHIOBaHHA CMYT (KEPOBaHWI JaHUMHU METON): TIeH miaxig e(peKTUBHO
BUKOPHUCTOBYE MPOCTOPOBY Ta 4YacoBy iHGOpMaIli0 g podacTHOI peecTparii Ta

KOpEKLIi JIaHuX, 1110 3a0e3Mneuye BUCOKY SKICTh SIK NP 3JIMBAHHI XMap TOYOK, TakK 1
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Opy OpsSMOMY T€ONpHUB'A3yBaHHI. Meroa € MacmTaOOBaHMM Ul PI3HUX THIIIB
mwiargopm (BILJIA) 1 ceHcopis.

4. IlpakTuyHa IIHHICTh: KOMOIHAIllSI METOJIB MIJABUILYE TOYHICTh
NO3ULIIOHYBaHHS, Y3TOJKEHICTh JaHUX Ta 3pPYYHICTH 300py, BIAKPUBAIOUM HOBI
MOKJIMBOCTI JIJII MICBKOTO TUTAaHYBaHHS, YIPABIIHHA 1HPPacTpyKTYporo (HaAIpUKIIa,
IHCIIEKTYBAaHHsS JIIHIA €JIEKTpOIepenady) Ta OINEpaTUBHOIO pearyBaHHS MICI
CTUXIMHUX JTUX.

Hoci He Oyno NOpOBENEHO aJeKBaTHUX JOCIIIKEHb, L0 O00'€IHYIOTh YcCi
OUIKYBaHI T€OMETpii B OJHE YyHIKaJbHE KallOpyBaJbHE JOCIIKEHHA. Po3risia
reoMeTpiii OKpeMO NMPHU3BOIUTH 10 HEHAIIMHOrO0 a00 HEMOBHOTO 3BOPOTHOIO 3B'SI3KY
010 KaJiOpyBaHHSI uyepe3 ICHYIOUMM B3a€EMO3B'SI30K MIXK OKPEMHUMH JDKEpesiaMu
CUCTEMATUYHUX MOMUIIOK. TakuM YMHOM, ONTHMAJIbHA PEaKIlis I KaaiOpyBaHHS
TLS Bumarae oaHOYacHOI MEpPEBIPKM BCIX BIUIMBAIOYMX (DAKTOPIB, 3 HAICKHUM
ypaxyBaHHSM PI3HHUX Bar y MpOIEC] pO3B'sI3aHHS.

JlociIKeHHS € BaKJIMBUM KPOKOM Y PO3BUTKY I€ONpPOCTOPOBOI HayKH. Xoua
BOHO € TIONEpPEeJHbOI0 COpo0OI0, OTPUMaHI  PE3yJIbTaTh  MIATBEPIAXKYIOTh
€(EeKTHBHICTh 3alpONOHOBAHUX PIIIEHb Yy MIABUIICHH] HAAIHHOCTI Ta TOYHOCTI
reornpocTopoBux JaHux. lloganpin JOCHIIKEHHS TOBHHHI 30CEpEeIUTHCA Ha
caMOKaiOpyBaHHI B peaJibHOMY 4aci, IoOaidbHIM omnTuMizalli 4Yepe3 CIHuIbHE
3piBHIOBAHHS Ta TICHIMIIH 1HTErparlii yacoBoi iHpopMailii, a Takok Ha KOMOIHyBaHHI
ALS-meToniB 3 JaHMMHU 1HIIUX CEHCOPIB (HAMpHUKIIAL, 300paKEHHSIMH), 0

BIJIIIOBIJIA€ 3araJIbHOMY TPEH]ly IIEPEXOAY A0 YACOBO-IIPOCTOPOBOrO 1HTEIJIEKTY.
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