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Micta-nobpatnMm Jlyubk i JIlo6niH MaloTb AaBHIO ICTOpitO Ta BENUKY Kinb-
KiCTb MaM’ATOK iCTOPUKO-KY/IbTYPHOI cnaalimMHun. [leski 3 HMX cborogHi notpebytoTb
0cob6/11BOI yBaru yepes cBiii 3aHeabaHui cTaH. MpoekT «HoBe XUTTS CTaporo Micra:
peBiTanizauis Nam’aToK iCTOpUKO-KyNbTypHOI cnaglwmHun Jlyubka Ta JliobniHa», wo
¢iHaHcyeTbcs TMporpamMoto TpaHCKOPAOHHOro crniBpobiTHMuTBa lMonblwa-binopyck-
YkpaiHa 2014-2020, HauineHuh Ha BiAHOBMEHHS KONULIHLOI Benudi bawTtn YopTo-
pUACbKUX 3 06OPOHHMM MYPOM Ta MOHACTUPEM €3YiTiB i3 nig3emennamu y Jlyubky, a
TakoX [oTUYHOI Bexi y J1iobniHi.

3 MEeTO0 06roBOPEHHS AOCArHEHb Ta iHHOBALIMHMX MNiaxoaiB y cdepi pesiTanizauii
i 36epeXxxeHHs1 NaM'aTOK apXiTeKTypM, iX NPOMOLIi Y TYPUCTUYUHIN ranysi, BUCBITNEHHS
Kpalwmnx CBITOBUX MpakTUK pectaspauii 28 notoro 2019 poky y JlyubKy B pamkax
MpoekTy Bigbynacs MikHapoaHa HaykoBa KoOHdepeHuis «[ocsig pesiTanizauii i
NpoMoLlii iCTOPUKO-KYNbTYPHOI cnaalwmHm». Llei 36ipHuK BMiLLlyE CTaTTi, Npe3eHToBaHi
nig Yac 3axo4y HayKoBUSMW Ta rany3eBUMMU ekcriepTamu.

[ns daxisuiB, CTyAEHTIB, WaHyBasIbHUKIB iCTOPIl piAHOro Kpato.

Partner cities Lutsk and Lublin have a long common history and a great amount
of monuments of historical and cultural heritage. Nowadays some of them need special care
because of their neglected condition. The project «New life of the old city: revitalization of the
historical and cultural heritage of Lutsk and Lublin», funded by the Cross-border Cooperation
Programme Poland-Belarus-Ukraine 2014-2020, is aimed to revive former greatness of the
Chortoryiski Tower with the defensive wall and the Jesuits Monastery with the underground cells
in Lutsk, as well as the Gothic Tower in Lublin.

On February 28th, 2019 in Lutsk the International Scientific Conference «Experience of
Revitalization and Promotion of Historical and Cultural Heritage» took place within the Project
in order to discuss the achievements and innovative approaches in the field of revitalization and
preservation of architectural monuments, their promotion in the tourism industry, demonstration
of the best world practices of restoration. This collection contains articles presented by scientists
and experts in the relevant field during the event.
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. Mapis Huusug,
YaczopodceKuli HayioHanbHUl yHisepcumem, YkpaiHa

IsaH MNpopaHeub,
A0 «3akapnameaeodesuyeHmp», YkpaiHa

LN®POBI '_I_'EXHOJ'IOI'IT B AOMNOMOTY 3bEPEXXEHHS
KYNbTYPHOI CNAAWNHN )19 MAUBYTHIX NOKOJIIHb

Bctyn

I<yanypHa cnagumHa — ue nam’aTHUKK, byaisni abo naHawadTv «BMAATHOI 3aranb-
HOMOACBKOT LiHHOCTI 3 TOYKM 30pYy icTOpii, mucTeuTBa abo Hayku». TaKi yntobaeHi Ta Kynb-
TYPHO 3Hauylwi 06’ekTH, AK cobop ceaToi Coodii, Kneso-MeuepcbKa naspa, aHcambb icTo-
puyHoro ueHTpy J/1bBoBa Ta iHWi [4] NoTpebytoTb 3axmcTy, 60 CBIT PU3MKYE BTPATUTK iX Bifg,
CTUXIAHUX NINX, BiHW YM iHLIMX 3arpo3 — NOCUIEHOTO TYPU3MY Ta PO3BUTKY, — i BOHM, LUBUA-
e 3a BCe, HeoCTaTHbO GiHAHCYIOTLCA, @ OTXKE, HEAOCTAaTHLO 3340KYMEHTOBAHI.

36epeXeHHA KyNbTYPHOI CNaALLMHN € AYXKe BAXKAMBUM 3aBLAAHHAM, MOXKIUBOCTI KO-
ro 3Ha4YHO PO3LIMPUINCA 3aBAAKN TEXHONOFIYHUM AOCATHEHHAM OCTaHHIX pokis, a 3D-cKa-
HyBaHHA Ta umoposa potorpammerpia — 6e3ymoBHO, oaHi 3 HUX. OumdpyBaHHA 06’eKTIB i
apTtedakTie y 3D mae 6arato nepesar, BK/IOUYaOUN AOKYMEHTYBaHHSA Ta Knacudikauio ix y
KaTasorax, cXxoBuLLax Ta 6asax gaHWX, TOYHE BUMIpOBaHHA abo ix aHani3, MOHITOPUHF 33 iX
CTaHOM i3 NIMNHOM Yacy.

TpuBUMIpHi onucK 06’eKTiB KyNbTYpHOI CNaAlWUHKM BidirpaloTb KOPUCHY ponb y 6ara-
TbOX Pi3HMX 3aCTOCYBAHHAX, TaKMUX AK BiAHOBNEHHS, OLiHKA CTaHy Ta ix 3bepexeHHA. Ha
Xanb, 6inbwicTb Niaxoais Ao Nnobyaosm 3D-306parkeHb BMMaratoTb AOPOroro obnagHaHHA
Ta BE/IMKOT KiNbKOCTI BUCOKOKBA/lipikoBaHOi pob0oU0T CMAM | He € AOCTYNHUMM AnsA 6araTbox
YCTaHOB Ky/NbTYPHOI CMaALWMHK, AKi 3a3BMYail CTUKAlOTbCA 3 GiHAHCOBUMM MUTAHHAMM. 30-
Kpema, MeToau, AKi Halbinbl NOMITHO peani3oBaHi 3a AOMNOMOIOH Na3epPHUX Ha3eMHUX
CKaHepiB, 418 HEBENUKMX 06’eKTiB, Ta 3a AoNoMOroto 6e3niNoTHMX NiTaAbHUX anaparis, AnA
BEJ/IMKUX apXITEKTYPHUX CNOpYA, A03BONAKTL OTPUMATK AyXKe TOYHI Ta AeTanbHi mogeni. 3
iHWOro 6oKy, TaKi TMNW 061aAHAHHA € AyXKe AOPOrMMU, Npouec NpUADGaHHA € LOCUTb TPYAO-
MICTKMM, @ CKNaaHHA pe3y/bTaTiB B €4MHUI 3D-06’EKT € CKNAAHUM TEXHIYHUM 3aBAAHHAM.

Merta Ta 3aBgaHHA CTaTTi

MeToto cTaTTi € BU3HAYEHHA MPUHLUMIB Ta METO/AiB HA3EMHOTO 1a3€PHON0 CKaHYBaHHA
Ta umdposoi boTorpammeTpii Ana apxiTeKTypHOI ranysi.

[na pocarHeHHA NOCTABNEHOI METU BUPILLYOTLCA HACTYMHI 3aBAAHHA:

— BMBYWTM 3arasibHi npouecwu, AKi A03BOMAIOTb 3 XMap TOYOK JIa3epHOro CKaHyBaHHA
OTPMMYBaTW MOBHOLiHHI NPOCTOPOBiI MoAaeni 06’eKTiB ;
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DIGITAL TECHNOLOGIES AS A MEAN OF CULTURAL HERITAGE
PRESERVATION FOR FUTURE GENERATIONS

Introduction

Cultural heritage — that is monuments, buildings and landscapes of «an outstanding
universal value in terms of history, art or science». Such favourite and culturally significant
objects as Saint Sophia’s Cathedral, Kyiv Pechersk Lavra, ensemble of the historical center
of Lviv and others [4] need protection, otherwise the world risks losing them from natural
disasters, war or other threats — intensified tourism and development, —and they, probably,
are not sufficiently funded, and therefore insufficiently documented.

Cultural heritage is monuments, buildings or landscapes of «outstanding universal
human value in terms of history, art or science.» Such favorite and culturally significant
objects as Hagia Sophia, Kiev-Pechersk Lavra, the ensemble of the historic center of Lviv
and others [4] need protection or the world risks losing them from natural disasters, war or
other threats - enhanced tourism and development - and they are likely to be underfunded,
and therefore not well documented.

Three-dimensional descriptions of objects of cultural heritage play a useful role in
many different applications such as restoration, assessment and preservation. Unfortunately,
most approaches to 3D images building require expensive equipment and a large number
of highly skilled labor force, and are not available to many cultural heritage institutions,
which are usually faced with financial issues. In particular, methods that are most nota-
bly implemented with terrestrial laser scanners for small objects, and by unmanned aerial
vehicles (UAV) — for large architectural constructions, — allow to get very precise and detailed
models. On the other hand, these types of equipment are very expensive, the acquisi-
tion process is quite labor-intensive, and compiling the results into a single 3D object is a
complicated technical task.

The objective and tasks of the article

The objective of the article is to define the principles and methods of terrestrial laser
scanning and digital photogrammetry for the architectural industry.

To achieve above mentioned objective the following tasks are being solved:

— to learn general processes, which allow from clouds of laser scan points to receive
complete spatial object models;



— PO3MIAHYTU MOMKIMBICTb BUPILLEHHA NPaKTUYHUX 3a4a4;
— PO3MIAHYTM NOPAJOK 0B6POBKMN Ta BUKOPUCTAHHA AaHMX 1a3ePHOro CKaHyBaHHA Ta
umodpoBoi poTorpammeTpii.

AHani3 ocTaHHIX gocniaXeHb Ta nybaikawiii

B yKpaiHCbKOMY HAayKOBOMY MPOCTOPi NMUTAHHA MOAENIOBAaHHA NPOCTOPOBUX apXiTeK-
TYPHUX NaM’ATOK MOYaN0 BUHUKATU TiZIbKM B OCTAHHI POKM Yepes NosABY Ha PUHKY Bignosia-
Horo reogesnyHoro obnagHaHHA. Tak, 3arasbHa Knacudikalia TMNIB CKaHepiB HaBedeHa Y
npaui [3]. baraTto nybnikauii 3ocepegKeHo Ha NUTaHHAX 3aCTOCYBaHHA MeToAiB LMdpoBsoi
doTorpammeTpii 419 Po3B’A3yBaHHA PiI3HOMAHITHWX 3aaau (B. [noTos [1]) Ta BUKOpPUCTaHHSA
6e3niNnoTHMX NiTanbHMX anapartis (M. LWesHa [5]). Y pob6oTi [6] oxapaKkTepn30BaHO Cy4acHU
CTaH MOX/MBOCTEN MeToAy HaseMHoi GoTorpaMmmeTpii Ta Na3epHOro CKaHyBaHHA i aHani3
METOAiB iHTerpyBaHHA AaHUX GOTOrpammeTpii Ta N1a3epPHOro CKaHyBaHHA.

BuKnag 0OCHOBHOro matepiany

TpuBMMIipHE Ha3emHe nasepHe CKaHyBaHHA Ta poTOrpammeTpia BBarkaloTbcA Lmdpo-
BMMW METOAAMM AOKYMEHTAL,i, OCKi/IbKM BOHW CTBOPIOOTb UMPOBY MOAENb MaiXe iaeH-
TUYHY }i3nuHili reomeTpii, WO 3acHOBaHa Ha BUMIiptoBaHHAX [8].

HazemHe nasepHe cKaHyBaHHA HaJa€e TPMBUMIPHY NPOCTOPOBY iHpOpPMaLLito 06’eKkTa B
MeXKax NeBHOI BiACTaHi Big 3emni 3a fonomoroto nasepa. Lieit meton moxKe WBMUAKO NOKA-
3aTV reomeTpito Be/IMKOro 06’eKTa KyAbTypHOI CNafLWwuHU Yepes BUCOKY LWBKUAKICTb poboTy,
MODiNbHICTb Ta AOCTYNHICTb. TOYHICTb i 36ip AaHMX HA3E@MHOrO 1a3ePHON0 CKAHYBAHHSA HaW-
BULLA Y BEPTUKAZIbHOMY HaMNpPAMKY.

IHWKUn meToa, umdbposa doTorpammeTpia 3a AONOMOrol 6e3niNOTHOro NiTasbHOro
anapaty (BMNJ1A), 3abe3neuye aeski nepesarn y nopiBHAHHI 3 1a3epHMM CKaHyBaHHAM. Ha
opTodoTonaHax, CTBOPEHMX 3a gonomoroto BMJIA, moxHa 6e3nocepegHbo BUMIpPHOBATU
BiZICTaHi, KyTW, NNaHOBI KOOPAMHATK Ta NAOLL Ha 306parkeHHi, OCKi/IbKN BiAHOLWEHHS MiX
MicLLepo3TallyBaHHAM 06’€eKTIB iA€HTUYHI TUM, WO i Ha TonorpadiyHili KapTi. 3okpema, ¢po-
TorpammeTpia BJ/1IA mae 6inbll BUCOKY rOpU30HTaNbHY TOUHICTb i WBMAKICTb 360py AaHMX,
Hi’>K Ha3eMHe Na3epHe CKaHyBaHHA. TOMy, AKLWO TEXHONOrii HA3EeMHOr0 N1a3ePHOr0 CKaHy-
BaHHA Ta yudposa doTorpaMmeTpia NPaBUIbHO iHTErpOBaHi, MOXKHA OTPMMATU YUC/IOBY
iHpopmau,ito pa3om i3 KOMNOHYBAHHAM 06’€EKTIB apXiTEKTYPHOT CNaALWLMHN.

Tunu 3D-ckaHyBaHHA

3D-cKaHepw 4oBro-cepeaHboro gianasoHy (LiDAR)

3D-cKaHepy BUKOPUCTOBYHOTLCA A1 CKaHYBaHHSA 3ara/ibHoi popmMm BeIMKUX 06’ eKTiB i no-
BEPXOHb 3 METOK OTPUMaHHA TOUHOT MeTpooriuHoi iHpopMaLji. Ix He MoHa BUKOpUCTOBYBaTH
4N BUMIPIOBAHHA AeTanei nosepxoHb. CKaHepu J0Bro-cepeiHboro AianasoHy BUKOPUCTOBY-
I0Tb CMCTEMM Ha OCHOBI Jla3epHoro imnynbcy. JlasepHuii Biaganemip obumcaioe BiacTaHb A0
06’eKkTa ab0 NOBEPXHi, PO3PaAX0OBYOUM YAC MPOXOAMKEHHA IMMNYNbCY CBIT1IA B 060X HanpAMKax



— consider the possibility of solving practical problems;
— consider the processing and use of data of laser scanning and digital photogrammetry.

Analysis of recent researches and publications

In Ukrainian scientific space the issue of modeling of spatial architectural monuments
began to arise only in recent years due to the appearance on the market of the corresponding
geodetic equipment. So the general classification of types of scanners is given in report [3].
A lot of publications are focused on issues of applying methods of digital photogrammetry for
solving various tasks (V. Glotov [1]) and the use of unmanned aerial vehicles (M. Shevnia [5]).
In report [6] the modern state of possibilities of terrestrial photogrammetry and laser
scanning and analysis of methods of data integration of photogrammetry and laser scanning

are characterized.

Main part

Three-dimensional terrestrial scanning and photogrammetry are considered digital
documentation methods, while they are creating digital model, almost identical to the
physical geometry that is based on measurements [8].

Terrestrial laser scanning gives three-dimensional spatial object information within a
certain distance from the land using a laser. This method could quickly show the geometry
of a large object of cultural heritage due to high speed of work, mobility and accessibility.
Accuracy and acquisition of terrestrial laser scanning data are the highest in the vertical
direction.

Another method, digital photogrammetry by means of unmanned aerial vehicles
(UAV), provides some advantages compared to laser scanning. On orthophotomaps,
created with help of the UAV, one could directly measure distances, angles, plan coordinates
and areas in the image, while the correspondence between the location of objects is
identical to that of the topographic map. In particular, photogrammetry of UAV has a
higher horizontal accuracy and speed of data collection then terrestrial laser scanning.
Therefore, if technologies of terrestrial laser scanning and digital photogrammetry are
correctly integrated, one could get numerical information along with layout of architectural
heritage objects.

Types of 3D Scanning

3D Scanners of long-medium Range (LiDAR)

3D scanners are used for large objects and surface general form scanning with the aim
to get accurate metrological information. They can not be used to measure surface details.
Scanners of long-medium range use systems, based on laser impulse. Laser distance meter

calculates the Laser ranger calculates, calculating the travel time of the light in both directions



Ta BWKOPUCTOBYIOYM Bigome
3HAYeHHA LWBMAKOCTI CBiT/a.
Y [DOKyMeHTauji 3 KynbTypHOI
CnafWwuHKN, CKaHepu  [O0B-
ro-cepefHbol  AanbHOCTI  3a-

3BMYA BUKOPUCTOBYHOTLCA Y

noegHaHHi 3 3D-cKaHepamu
3 6/M3bKMM fianaszoHom ans
CTBOPEHHA Mogenen fAK i3

rno6anbHO0 METpOJ'IOFILIHOPO

TOYHICTHO, TaK i 3 BUCOKOIO pO3-
‘ AinbHOW 3paTHicTio. OaHUMm

v
-

Puc. 1. ObnagHaHHA, WO BUKOPUCTOBYETLCA A1 CKAHYBAHHA — i3 NpUKNaaiB moxke cayrysatu
HasemHwuit nasepHuii ckaHep FARO Focus3D X330 ckaHep dipmn FARO Focus3D

Fig. 1. Devise, used for scanning — Terrestrial laser scanner FARO Focus3D X330 .
X330 (puc.1l). Lei npunag
crneuianbHO po3pob/IeHNI o1a CKaHyBaHHA Ha BigKpuToMy nosiTpi (40 330 M), Wo A03BONSAE

JIerko Ta TOYHO CKaHyBaTu NaHALWadTH, apxiTeKTypHi aHcambni, pacaaHi byaisni Ta iHWi BenuKi

06’€KTU 3 TOYHICTIO A0 2 MM [2].

3D CKaHepu 6auMKHbOrO
AianasoHy

3D-cKaHepy bAMXKHbOrO pgia-

nasoHy (pobouya BiacTaHb Hinblie
8 cm i meHlle 1 M) BUKOPMUCTOBY-
I0TbCA A1 TOYHOro 3anucy dopmu

i noBepxHi 06’ekTiB. BAM3bKa Bia-

CTaHb 3HIMaHHA 3a3BMYail Nos’A3a-
! Ha 3 6iNbW BUCOKOIO PO3AiNbHOM
3p4aTHicTio. JlazepHe CKaHyBaHHA
6AnKHbOrO pAianasoHy 3abesne-
Yy€e Kpally TOYHICTb, MA€E 4acToTy
Big 100 000 go 500 000 To4oK B
cekyHay. Pesynbtatom € Benundes-
Ha KifbKicTb AaHuMX, 3ibpaHMx 3a

KOPOTKUIM Yac. TOYHICTb MONOXKEH-

o ! ’ HA TOYKMN CTaHOBUTb I']pM6J1M3HO
Puc. 2. O6nagHaHHA, WO BUKOPUCTOBYETLCA ANA GOTOrpammeTpii —
BMN/A Phantom 4 Advanced+
Fig. 2. Device, used for photogrammetry — UAV Phantom 4 Advanced+ CkaHep BAUMKHbOIO AjianasoHy Kpa-

1-2 mm Ha BiacTaHi go 25 metpis.



and using the known value of the speed of light. In the documentation on cultural heritage,
scanners of long-medium range usually are used in connection with 3D scanners with a short
range to create models with both global metrological accuracy and high resolution. One of
the examples is a scanner FARO Focus3D X330 (fig. 1). This device is specially designed for
outdoor scanning (up to 330 m), which allows to scan landscapes, architectural ensembles,
facade buildings and other large objects easily and with an accuracy of up to 2 mm [2].

3D Scanners of Short Range

3D scanners of short range (working distance more than 8 cm and less than 1 m) are
used to accurately record the shape and surface of objects. Close shooting distance is usually
associated with higher resolution. Laser scanning of short range provides better accuracy,
has a frequency of 100,000 to 500,000 points per second. The result is a huge amount of
data collected in a short time. The accuracy of the position of the point is about 1-2 mm at
a distance of up to 25 meters.

Scanners of short range work better at short distances than a long-medium range
scanner, and much better describes the details of objects at distances of up to 25 meters.
They are used to record the shape and surface of sculptures and complex forms. The
results can be used both in studies using screen-based applications and for reproducing
the object for a variety of purposes, including tactile objects for blind and visually
impaired people.

Scanners of short range use both laser and structured light system. Three-
dimensional laser scanners on the basis of triangulation use a laser beam and one or
two cameras to record an object. According to the trigonometric formulas, one can
calculate the distance from the object to the scanner, creating an exact map of the
surface. Structured light scanners also use triangulation, but use projected models of
light instead of a laser. Camera records designed templates and calculates the distance
of each point in the field of view. 3D scanning with short range is very important for
recording heritage «of risks». In order to document the past consciously, one should
know how to document not only the general form, but also the exact details of the object

surface.

Photogrammetry

Photogrammetry — is an ideal mean to get 3D information in situations, when
it is impossible to use 3D scanners (inaccessible places, conflict zones) or when a
high speed of information is needed. Photogrammetry — is a way of capturing 3D
information from 2D images using software for displaying functions and a number

of algorithms. In order to make a 3D model, the camera makes several images with



e NPaLUOE HA KOPOTKMX BIACTAHAX, HiXK CKaHep [0Bro-cepeAHboro AianasoHy, i HabaraTto
Kpallie onucye aetani ob6’ekTiB Ha BigcTaHi 40 25 MeTpis. [X BUKOPUCTOBYIOTb AN1A 3anucy
dopmu i NoBepxHi CKyNbNTyp Ta cknagHux dopm. OpepskaHi pe3ynbsTaTi MOXKYTb BUKOPUC-
TOBYBATUCD AK Y AOCNIAKEHHAX i3 BUKOPUCTAHHAM €KpaHHUX A0AaTKiB, TaK i 418 MOBTOPHO-
ro BiaTBOPEHHA 06’€KTY AN1A WiNoro paay Linen, BKAKOYAOYM TaKTUAbHI 06’eKTU Ana cninnx
i cnabospaunx nogei.

CkaHepu H6MKHBOTO Aiana3oHy BUKOPUCTOBYIOTb abo flazepHy, abo CTPyKTypoBaHy cu-
cTemy cBitna. TPUBMMIpPHI 1a3epHi CKaHepPW Ha OCHOBI TRIAHTYNALLT BUKOPUCTOBYHOTb IAa3€PHNIA
NpomiHb i ogHy abo ABi Kamepu ana 3anucy o6’ekta. 3a popmynamm TPUFOHOMETPIT MOXKHa
po3paxyBaTu BiAcTaHb Big 06’eKTa A0 CKaHepa, CTBOPIOIOYM TOUHY KapTy noBepxHi. CTPYKTypo-
BaHi CBIT/10Bi CKAHEpPW TaKOXK BUKOPUCTOBYIOTb TPIAHTYNALLiKO, a/ie 3aCTOCOBYHOTb CMPOEKTOBAHI
MoZeni CBiTna 3amicTb nasepa. Kamepa 3anncye NpoeKkToBaHi WabnoHW i 064MCAtOE BiACTaHb
KOYKHOI TOUKM B MO 30py. 3D-CKaHyBaHHA i3 HAM3bKMM fiana3oHOM € BaXK/IMBUM ANA 3anucy
CNAAWMHN «pU3KNKY». [1ns Toro, LWob CBiAOMO SOKYMEHTYBATU MUHYNE, HEODXIAHO BMITK A0-

KYMEHTYBaTU He TifIbKK 3aranbHy popmy, ane i TouHi AeTani noBepxHi 06’ekTa.

dotorpammerpisn

doTorpammeTpia — ue ifeanbHU cnocibé oTpumaHHa 3D-iHbopmalii B cutyauisx, Koam
HEMOXNBO BUKOpUCTOBYBATK 3D-cKaHepu (HeAOCTYNHI MicudA, 30HM KOHOAIKTIB) abo Konn
noTpibHa BMCOKa WBMAKICTb OTpMMaHHA iHpopmalii. PoTorpammeTpis — Le cnocib 3any-
yeHHA 3D-iHpopmaLii 3 2D-306parkeHb 3a AOMNOMOro NporpamHoro 3abesneyeHHs ann
BifobparkeHHA PYHKLUiNM Ta paay anropuTtmis. Ana Toro, wob 3pobutn 3D-moaens, Kamepa
pPo6UTb KisibKa 306parkeHb i3 NepekpUTTAM NoBepPXHi 06’ekTa. MOTiM 306paXKEHHS MOXKYTb
6yt 06pobneHi ansa ctBopeHHa 3D-moaeni gns pisHUX 40AATKIB.

PoTorpammeTpif BUKOPUCTOBYETLCA 3 HAPOAKEHHA cydacHoi doTorpadii y Takmx obnac-
TAX, AK TonorpadiyHe KapTorpadysBaHHA, apxiTeKTypa Ta apxeonoria. [JaHi MoxyTb 6yTH 3anu-
caHi KomepUiMHO AOCTYNHUMM KamepaMu, AKi GiKCyoTb Ki/lbKa 3HIMKIB BCiei noBepxHi 06’eKTa.

3D BipTyanbHuii mysei

HoBi TexHoNOrii NepeTBOPUAN Cy4aCHUIt My3ei: Tenep BiABiayBadi MOXYTb OTPMMATH
[OCTYN 00 BUCTaBKM 3 Byap-AKoi TouKM cBiTy. O6’eKTM MOXKe nepernagaTv Habarato 6inbwa
KinbKicTb ntogen. Konekuii Ta eKcnoHaTtu Tenep BipTyanbHi Ta iIHTEPAKTUBHI — ifeanbHO nig-
xogATb ana 3D.

3a ocTaHHi pokM 3D-CKaHyBaHHA CTaf0 YaCTMHOK MOCNIAOBHOrO Ta 6e3KOHTaKTHO-
ro nigxody A0 AOKYMEHTALIl KynbTypHOI cnaawmHn Ta 1i 4OBrOCTPOKOBOro 36epekeHHs.
3D-ckaHyBaHHA MamM’ATOK, Nam’ATHUKIB i apTedaKTiB 3 BMCOKOK PO3MiNbHOK 34aTHICTIO
[03BONIAE KOHTPONIOBATH, BUBYATH, NOLUMPIOBATU | PO3YMITU HaLly CNiNibHY KYALTYpHY icTO-
pito — BaXk1MBO, LWO6 BenmyesHi apxism 3D i KOAbOPOBUX AaHUX By HAAiNHO 36epeskeHi.

HeBia' eMHOIO CKNagoBoO L€l POBOTU € 3aNMCyBaHHA NOBEPXOHb | GOPM 33 MaKCUMaAbHO



overlap of the object surface. Then the images can be processed to create a 3D model
for different applications.

Photogrammetry is used since the birth of modern photography in areas such as
topographic mapping, architecture and archaeology. Data can be recorded by commercially
available cameras that capture multiple images of the entire object surface.

3D Virtual Museum

New technologies have transformed a modern museum: now visitors could get an
access to the exhibition from any part of the world. Objects could be observed by much greater
amount of people. Collections and exhibits are now virtual and interactive — ideal for 3D.

In recent years 3D scanning became a part of consecutive and non-contact
approach to the documentation of cultural heritage and its long-term preservation.
3D scanning of sites, monuments and artifacts with high-resolution allow to control,
study, disseminate and understand our common cultural history — it is important

to preserve huge archives of 3D and color data. An integral part of this work is the

recording of surfaces and forms for maximum permissions and archiving them in

. 4 El i = AL =

Puc. 3. Mpuknag uudposoro surnaay ob’exkta (3D-mogeni) [7]
Fig. 3. Example of a typical 3D model [7]



MOX/IMBMX A,03BOIB i apxiByBaHHA X y HeobpobneHux popmatax, TaK WO AaHi MOXKYTb Npo-
[OBXYBaTM NOBTOPHO 06P0BAATMCA Y MiPY NPOCYBaHHA TEXHONOTIN.

[DeaKi npuHUMNKU Ta 0c06MBOCTI TEXHOANOTiT Na3ePHOro CKAaHYBaHHA

NasepHuin ckaHep 36upae BeNMKUI Aiana3oH AaHMX, WO NPeaCTaBNAOTb TPMBUMIpPHI
KOOPAMHATK, AIKi HA3MBalOTbCA AAHUMM XMapUM TOYOK. XMapa TOUOK — e cyRynHicTb (X, Y, Z)
TOYOK Y EAMHIN CUCTEMI KOOPAMHAT, AKA 306PaXKaE KOPUCTYBAYEBI PO3YMIHHA MPOCTOPOBOrO
po3noginy 06’ekta. Ana 6inblLOCTi IHCTPYMEHTIB Na3epHOro CKaHyBaHHA XMapa TOYOK MOXKe
po3rnaaaTUCA AK CUPOBUHHUI NPOAYKT. Y3arani, xmapa TOYOK MiCTUTb BigHOCHO BENMKY
KiNbKiCTb KoopauHat. LWinbHiCTb XmMapu 3anexutb Big, BiAHOCHOI BIACTAHI MiXK KOOpAWHa-
Tamu. BoHa moxke ABnsaTU coboto ogHy abo AeKinbKa HeBeNMKNX abo BeNMKux o6’ ekTis ana
dopmyBaHHSA YacTMHM abo uinicHocTi 06’eKTa.

BMKOpUCTaHHA TaKOT TEXHOOTIi CNPMATUME NiABULLEHHIO AOCTYNHOCTI FPOMAACbKOCTI
00 06’€eKTiB cnaglmMHN Yepes Bisyanisauito. Lle po3rnagaeTbca Tomy, WO TEXHONOMA MaE
noTeHLian po3KpUTU AeaKi ckapbu, AKi oToUyloTb 06’EKTU CMAAWMHM, BPaXoByHOUYM BUCO-
KY TOYHICTb BUMIipPIOBaAHHA, Bi3yanbHy AOCTYMHICTb i ePEeKTUBHICTb NOWMPEHHA MUCTELbKOT
cnagwmHun. e Takoxk gonomarae 36epertv cnaalmHy Big 3abyTTa, OCKiIbKM BOHA CAYKUTb
ONA CMiNKyBaHHA He TifbKM 3 npodecioHasamMmn 3 OXOPOHW KyNbTYPHOI CnafwuHuy, ane i 3
LUMPOKMM KOJIOM FPOMAACBKOCTI; i MOKa3y€e XxapaKTep, WiHHICTb i 3HaYeHHA cnagwuHu. Tex-
HoJoriA MOXe OyTW BMKOPMUCTAHA Yy CTPYKTYPHOMY MOHITOPUHIY abo MOHITOPUHTY CTaHy
06’€KTiB, HanpuKNaz, Npu Po3raAai Toro, AK NoBepxHsA 06’ekTa abo 1Moro okpemi pparmeHTH
(4acTnHK) 3miHIOOTLCA (AedopMytoTbea) 3 Yacom. Kpim TOro, Us TEXHOIOTIA TaKOXK Niaxo-
OMTb AN1A CTBOPEHHS aHiMau,ii Ta intocTpauini 3D-mogenein (sBnse coboo CyKyMHICTb NiHil
(puc. 2), aKi BignosigatoTb peanbHOMy BUrNAAy 06’eKkTa), ANa Npe3eHTalii y BiANOYMHKOBUX
LEeHTpax, Mmy3esax Ta 3acobax macoBoi iHbopmauii (NiaBULLEHHA AOCTYMHOCTI/3any4eHHs Ta

[0NOMOra B MOKPaLLEHHi PO3yMiHHA 36epeskeHHs KyNbTYPHOI CnaawmHm).

BucHoBOK

O6’€eKTM KyNbTYPHOI CNaAWMHN € OAHUMM 3 HAWLLIHHILLMX EKOHOMIYHWX Ta CoLiaNbHUX
aKTMBIB, AKMMM MOXKe NOXBanuTUcA byab-AKa rpomasa. BoHM BBaXKalOTbCA iHCTPYMEHTaMM
ONA 330BONEHHA MONUTY Ha A03BiNAA i, AK HACNiLOK, MOKNA[AOTHCA Ha Pi3Hi AepXKaBHi
YCTaHOBW A5 iHBECTYBaHHSA Y NOro reOMeTpUYHY JOKYMEHTAL,it0 3 BUKOPUCTAHHAM TEXHO-
norii 3D nasepHOro ckaHyBaHHA A1 HaNEeXHOro 36epexkeHHs iX XyA0XHboI iHbopmalii, a
TaKOX BMCOKOT TOUHOCTI pecTaBpaLii y malibyTHbomMy. 3D nasepHe CKaHyBaHHSA Y NOEAHaHe
i3 udposoto doTorpammeTpieto Moxke ByTU BUKOPUCTAHO ANA TOYHOI AOKYMeHTaL,ii nam’aT-
KU Yy BUMNALI cTBOpeHHA 3D-mogeni. e we 6inblie nigTBepAsKye HarasbHy HeobXiaHICTb
Ana Bcix 36epirayis cnagwmMHN WBUAKO NPUMRHATU TEXHOJOTI, AKi BiANOBIAAOTb KpUTEPIAM
CTaHAapTHOT robanbHOT AOKYMeHTaLi 06’eKTiB cnaglwmHN. Ha 3aKkiHUEHHS, AOKyMeHTalin



unprocessed formats, so that data can continue to be re-processed to the extent of

technology advancement.

Some principles and peculiarities of laser scanning technology

Laser scanner collects a great range of data representing the three-dimensional coordi-
nates, which are called data points of the cloud. Points cloud —is a set of (X, Y, Z) pointsin a
single coordinate system that depicts the user understanding of the spatial distribution
of an object. For most laser scan tools, the points cloud can be considered as a raw
material. In general, points cloud contains a relatively large number of coordinates. The
density of the cloud depends on the relative distance between the coordinates. It may
be one or more small or large objects to form part or integrity of an object.

The use of such technology will increase public access to heritage objects through
visualisation. This is considered because technology has the potential to uncover some
treasures surrounding heritage objects, given the high accuracy of measurement, visual ac-
cessibility and the effectiveness of the dissemination of artistic heritage. It also helps to
preserve our heritage from neglection, while it serves to communicate not only with profes-
sionals on the protection of cultural heritage, but also with a wide circle of the public; and
demonstrates character, value and meaning of heritage. Technology might be used in struc-
tural monitoring and monitoring of objects state, e.g. when considering how the surface
of an object or its separate fragments (parts) are being changed (deformed) over time. Moreo-
ver, this technology is also suitable for creation of animation and illustrations of 3D models
(is a set of lines (fig. 2), which correspond to the real type of object), for presentations in
recreation centers, museums and mass media (increase of accessibility/ involvement and

assistance in improvement of understanding culture heritage preservation).

Conclusions

Culture heritage objects are among the most valuable economic and social assets
that any community can boast. They are considered as tools to meet the demand for
leisure and, as a consequence, rely on various government institutions to invest in its
geometric documentation using 3D laser scanning technology to properly preserve their
artistic information, as well as high-accuracy restoration in the future. 3D laser scanning in
connection with digital photogrammetry could be used for accurate documentation of the
monument in the form of creating a 3D model. This further confirms the urgent need for
all heritage custodians to quickly adopt technologies that meet the criteria of the standard

global documentation of heritage objects. Finally, documentation of cultural heritage in



KYNbTYPHOI cnagwmHu B YKpaiHi € peasbHOM, NOCTIMHOW i cepiMo3Ho npobsiemoto, sAKa
BMMarae nparmaTMYHUX 3aX0A4iB 1A BUPILLEHHSA.

3a 4ONOMOrOK OMUCAHUX LMGPOBUX TEXHOOFIN KYNbTYpHi 06'€KTU MOXKYTb ByTU He
TiNbKKM 36epexeHnMN aNA HawaaKis. 3a umdposummn mogenamm byayTb CTBOPEHi KOMNeK-
c1 HabopiB JaHMX, AKUMKM 3MOXKYTb KOPUCTYBATUCA AK BNACHUKM 06’EKTIB, TaK i apxeonoru
Ta pecTtaBpaTopu.
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36epeeHHA Ta peBiTani3aLin apxiTeKTypHMX nam’aToK. CyyacHi pileHHs :
36ipHunk cTatesi MixHaposHoi HaykoBoi KoHpepeHUii «/locsia pesiTanizayji i npomouii
icTopuKo-KynbTYpHOI cnaawmHmy. — Nlyubk: Hagctmp’a, 2019. — 180 c.

ISBN 978-966-517-896-6

Micta-nobpatumu Jlyupk i JTobniH MaloTb AaBHIO iCTOPIIO Ta BEIWUKY KiNbKiCTb
NaMm’saTOK iCTOPUKO-KybTYPHOI cnaawmHn. [leski 3 HUX cborofHi notpebytoTb 0ocobnu-
BOI yBaru yepes CBiii 3aHeabaHuit cTaH. MpoekT «HoBe XUTTS CTaporo Micra: pesi-
Tanisauis nam’aTok iCTOPMKO-KyNbTYPHOI craalumnHum Jlyupka Ta JTiobniHa», wo diHaH-
cyeTbcs Mporpamoto TpaHCKOpAOHHOro cniBpobiTHMUTBa lMonblya-binopyck-Ykpaina
2014-2020, HauineHUi Ha BiIHOBIEHHSI KOJMLIHBLOI BenYi bawwTn YopTopuicbkux 3
060pOHHUM MYPOM Ta MOHACTUpPEM €3yiTiB i3 nigzemennamu y Jlyubky, a Takox Fotnu-
Hoi Bexi y JTobniHi.

3 METOH 06roBOpEHHS AOCArHEHb Ta iHHOBALIMHMX NiAXoAiB y cdepi pesiTanisa-
Ui i 36epeXeHHs NaM’aTOK apXiTeKTypu, iX NPoMoLii y TypUCTUYHIN ranysi, BUCBITNEH-
HS Kpalmx CBITOBMX NPaKTUK pectaspadii 28 notoro 2019 poky y Jlyubky B pamkax
MpoekTy Bigbynaca MikHapoaHa HaykoBa KoHdepeHuis «/[locBig pesiTanisauii i npo-
MOUii iICTOPMKO-KYNbTYPHOI cnaawmHun». Ll 36ipka BMiWye cTaTTi, Npe3eHToBaHi nig
yac 3axofy HayKOBLSIMW Ta rasly3eB1UMU eKkcrnepTamu.

[ns daxisuis, CTyAEHTIB, LWaHyBaNbHUKIB iCTOPIi PiAHOro Kparo.

YAK 72(477+438)=161.2=111(06)
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