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B. CepenoBuy, I. Kamnen
AHAJII3 TPUBUMIPHOI BEKTOPHOI MOJEJII ®ACALY,
CTBOPEHOI 3A ®OTOI'PAMMETPUYHUMHU JAHHUMUA

Y npeocmasneniti pobomi Hasedeno pe3yrbmamu  AHANi3y  MOYHOCMI
MmpueuUMipHoi 8ekmopHoi Mmooeni ¢hacady 06yoieni, ompumanoi 3a mamepiaramu
gomoepammempuynozo sHimauHs. Ilposedenuti ananiz 6a3y6ascs Ha AHALIMUYHOMY
NOPIGHAHHI MPUBUMIDHUX BeKMOPHUX MoOdeneld ¢acady 6y0ieni, cmeopeHux 3a
mMamepianamu omospamMmempuyHo20 3HIMAHHA YUDPOBOIO HeMEeMmpPUUHOI KAMEPOIO
Ma Ha3eMHO20 1a3ePHO20 CKaHY8anHs. Pomocpammempudny mooeib pacady cmeopeHo
8 ABMOMAMUYHOMY pedcuMi. /[l BUKOHAHHA AHANIZY MPUBUMIDHA MOOENb, CIMEOPeHd
3a OGHUMU HA3EMHO20 JIA3€PHO20 CKAHYBAHHA, OVIA NPUNiHAMA 34 GUXIOHY, MOOMO
maky, O0ns SKOI NOXUbKamu KoOpoOuHam mMoYoK ModxcHa 3Hexmyeamu. 110 uac
00CNI0HCEHHA (POmMOoSpaMMempuyHy Mooeib HAKIA0eHO HA BUXIOHY MOOelb, NiCisi Y020
0y10 BUMIpsIHE 8IOXUNIEHHS MIJC XapaKmepHumu moukamu Ha ¢gacadi 6yodieni. Bukonano
OYIHIOBAHHSL  MOYHOCMI  (pomocpammempuunoi  Mooeni, CmeopeHoi  Yugpposoio
HemempuyHow Kamepoio. Ilposedenuti ananiz 0ag 3mMo2y 6CMAHOBUMU MAKONC MiCYs i
xapaxkmephi OilsHKU ¢hacady, sKi MOOenomsvcs Hauzipuie Ha GomocpammempudHi
MoOeni ni0 yac BUKOPUCMAHHS ABMOMAMUYHO20 MEMOO0y CMBOPEHHS MPUBUMIDHOT
mooeni. Buseneni Hedoniku ¢homozspammempuyHoi Mooeni BUKIUKAHI NepesadtCHO
BHAYHUMU KYMAMU HAXUTLY HOMO3HIMKIE | BUHUKHEHHAM 6HACNIOOK UbO20 «Mepmeux
30uy». [na nooonamHs uyiei npobremu pekoMeHOYEmbCs O0ONO8HIGAMU MAamepiaiu
HA3eMHO20  (homozpaMmempuiuHo20 3HIMAHHA —Mmamepianamu  QOMO3HIMAHHA 3
0e3ninomHUx 1imaibHux anapamis.

Knrouoei cnosa: naszemmue nazepHe CKawy8aHus, HA3eMHA homocpammempis,
OYIHKA MOYHOCMI, HeMempUuuHi Yyughposi kamepu, MpUSUMIPHA MOOEb.
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APPLICATION OF 3D TECHNOLOGY FOR MODELLING
OF ARCHITECTURAL MONUMENTS IN THE CZECH REPUBLIC

The paper is devoted to consideration the questions of 3D technology
application for modelling of architectural monuments in the Czech Republic. 3D in case
of conservation of historical and cultural monuments means the processing of measured
data with the required contents in the local system of coordinates and in a chosen scale.
According the results obtained it is necessary to determine the requirements for
measuring accuracy. The main goal of our research is early detection of errors in 3D
images of actual building behavior and their exception, as well as introduction of new
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technologies into existing processes and implementation of new technologies into GIS.
The methodology for documenting the actual object behavior in 3D is defined and
outlined in the paper. As an example of a system for documentation and monitoring of
cultural heritage objects, the paper considers a database created in the Czech Republic.

Key words: accuracy, details in documenting the architectural monuments,
methodology, actual object behavior in 3D, photogrammetric survey.

INTRODUCTION. Beginning from our activity in 1992 and till nowadays we
are engaged in the development of technologies for documenting the actual behavior of
buildings using geodetic and photogrammetric techniques both indoors and outdoors.
The main goal of our research is early detection of errors in 3D images of actual
building behavior and their exception, as well as introduction of new technologies into
existing processes and implementation of new technologies into gis. This will allow
those who use buildings to provide their integrity.

Based on our long-term experience we have revealed that 3D images of building
surfaces obtained as a result of photogrammetric measurements make easier to control
the indoor-and-outdoor geodetic measurements, to increase the accuracy, and to allow
efficient computer drawing of facades, horizontal and vertical sections through
buildings, and 3D objects drawing [2; 3]. All measurements are performed at a scale of
1: 100-1: 50.

When measuring complex interiors, such as churches, a spatial photogrammetric
base, that is a 3D digital model created by photogrammetric data, was the best for
accurate documenting the actual behaviour of buildings, including details, at scales 1: 5,
1:10.

3D survey point coordinates in a single unified object coordinate system
measured photogrammetrically are used for precise evaluation and outlining composite
details of construction, interiors, integration of correlation photogrammetric systems
(Semi-Global Matching) or laser scanning data. The importance of using these
technologies is most clearly illustrated by examples of complex attics, rafters, arches,
historic walls and bridges, etc.

The requirements of the departments for conservation of historical and
cultural heritage. The main and legal requirement of these departments is the
availability of documented data that correspond to the reality. What concerns ‘accuracy’
they mean a description, reliability and detailed digital documentation. Based on the
required image details, subsequent requests are made for the measuring accuracy. As
there are no standards for the accuracy, they are not mentioned in laws, and even in
regulations. Such situation causes major obstacles to use the corporate technologies.

Why our monument conservation documentation are needed for
professionals (architects and restorers)?

o To provide initial data for building inventory and management;

o To provides a basis for design works and subsequent executive reconstruction of
objects;

o For restoration works (building behaiviour before and after reconstruction);
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o To determine the precise areas of facades, interiors laying according to plaster
types and complete inventory of facades and interiors, including details of windows, the
throne, painting, statues, arches, etc. at scale 1: 10;

o To offer the color changes of facades and interiors;

o For urban purposes: documentating street blocks, urban complexes
(agglomeration) using geodetic observations and laser scanning data, terrestrial and
UAYV imagery data, aerial and panoramic aerial photographs, as well as for combining
measuring data with cadastral and historical maps, drawing the design changes in 3D or
photogtaphs;

o For a wide variety of computer presentations and visualizations;

o Special problem solving related to the reconstruction of historic structure sizes
and forms or their details and historical objects according to existing photographs or
restoration works;

o 3D virtual reality.
What information products are required for architects, restorers, and designers?
o Digital and paper drawings (horisontal plans, sections, and facade drawings)

supplemeted with photo catalogs on the actual behaviour of buildings and
photogrammetric data (photographic plans, airphoto mosaics, orthophoto plans, and
orthophoto maps);

o 3D DEM, planimetry related to the cadastre;

o 3D models based on surveys or created using point clouds or combined 3D
models;

o Simple digital panoramic aerial photographs or 3D panoramic models;

o Information databases of measured objects and their integration into information
systems.

When we talk about using 3D for the conservation of historical and cultural
monuments, we mean measured data processing with the required content in a local
coordinate system, in a chosen scale, on the basis of which it is necessary to define
requirements for the measuring accuracy. The final measurements are refered to the
required or reference coordinate system S-JTSK, Bpv, or WGS 84.

CONSERVATION OF HISTORICAL AND CULTURAL HERITAGE

The concept “conservation of monuments” and the whole process of its
organization are regulated in the “National Historical and Cultural Heritage
Conservation Act”.

The following government agencies are responsible for the national conservation of
historical and cultural heritage (monuments):
o Ministry of Culture of the Czech Republic.

. 13 provincial authorities.

. 205 municipalities with broader powers.

. National Heritage Institute (Narodni Pamatkovy Ustav - NPU):

> NPU is a professional research organization (NPU) for the national conservation

of historical and cultural heritage, which exists throughout the Czech Republic.
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> NPU is responsible for maintaining the central register of cultural heritage sites
that considered as the ancient monuments of the Czech Republic (hereinafter referred to
as the “ Central Register”).

The cultural monuments, national cultural heritage, repository of culture, sites of
culture, protective zones of immovable national cultural heritage, immovable national
cultural sites are registered in the Central Register. When the data are entered into the
central register, the NPU passes this information to the relevant cadastral agency and
they are fixed in the Cadastral Register according to cadastral law.

Here is on Fig. 1 a link to the Central Registry’s web-site:

http://monumnet.npu.cz/monumnet.php [1].
u Svétové dédictvi, NKP, chranéna
> e MonumNet azemi EPAL: Feden)
e I A AU SR M R

Intranet (PIN):
OK

Prazsky kraj, Prazsky hrad

101 NP ||[Narodni kulturni pamaétky ||[Praha hl.m. [|Prazsky hrad] 1962 [I84031

Typ: m g Narodni kulturni pamatky'
Okres: m Od roku: m Do roku: I

[ ETLIRSTSELEHl Nafizeni viddy €. 147/1999 Sb.: Nemovité: areal Prazského hradu tvofeny stavbami a jinymi nemovitymi objekty na
pozemcich vymezenych prostorovymi identifikacnimi znaky, véetné téchto pozemkd, s vyjimkou staveb a nemovitych
objektd, které nebyly prohlddeny za kulturni pamatku. Movité: vybrany mobilidf z fondu PraZskéha hradu ze souboru
Svatovitského fondu, pokladu chramu sv. Vita, Svatojifského fondu, fondu kostela Véech svatych a ze souboru
obrazii a nasténnych tapisérii a vybranych pfedmétl archeologického fondu. Vybrany mobilidF je uveden v
samostatném inventarnim seznamu, ktery je uloZen v Kancelafi prezidenta republiky.

Rozhodnuti

1962701 JUsneseni viddy CSR &, 251/62 ze dne 30.3.1962

Fig. 1. Main menu of Central Registry web page

Obligations imposed on building owners and some new changes in the cadastre
after implementing the "New Civil Code" dated 01/01/2014 are as follows:
Property owners should hold the documentation on the true object state (actual
behaiviour of buldings) in the form of complete drawing documentation of buildings or
a simplified documentation in the form of a building certificate. This is necessary in the
case of the acceptance of the building or a part of it. The information on buildings is
included into the Cadastre Register according to the information from the Address
Register (RUIAN), which is managed by the municipality’s construction agencies.
Principal registers are in the administration of the Czech Republic and they are legally
protected by the Act on the principal registries of the country.

DOCUMENTING METHODOLOGY FOR THE ACTUAL BEHAIVIOUR
OF OBJECTS IN 3D.

Based on the above mentioned, a general methodology for documenting the
actual behaiviour of objects in 3D was compiled.

First of all, the requirements demanded by restorers and architects for the image
scale as well as the smallest detail size that needed to be displayed in 3D are defined.
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Thereafter, the requirements for the control point accuracy are determined for a given
scale and only then a geodetic network can be planned in accordance with these
requirements for accuracy, and technologies for measurements or for detailed surveying
can be chosen.

A work execution sequence:
a) Creation of a geodetic network
b) Basic geodetic surveys:

. Poligonometry

o Intersections and resections

o Drawing vertical lines, elevation plan

. Technical levelling

. Referencing the local geodetic network to the geodetic

control network (GPS measurements)

¢) Detailed survey (surveying of bearing supports, supporting structures, door and
window apertures, staircases, roof framings, lift shafts and paving lights, roofs,
facades):

o Polar method is used for determination of 3D survey point coordinates,

. Building measures (linear),

o Observations at the control geodetic points for the purposes of photogrammetry
and laser scanning,

o Photogrammetric survey (terrrestrial from tower cranes, unmanned aerial
systems (UAV)) to get aerial photographs used further for measurements,

. Laser scanning (laser scanners, hand scanners, airborne laser scanning) and use
of laser scanning data to get point clouds and images,

. The use of special devices (for example, 3D drawing digital pencils, plaster
forms, etc.).

d) Geodetic and photogrammetric calculations:

o Calculation of the preliminary coordinates of geodetic control network points,

. Adjustment of geodetic networks,

J Calculation of geodetic control point coordinates and coordinates of detailed
survey points:

» photogrammetric orientation and detailed survey

. Correlation photogrammetry (Semi-Global Matching) for automatic detection of
identical points between air photo pairs or an imagery block based on the image
correlation, photogrammetric orientation and the creation of point clouds. Orientation of
individual scans, input of a point cloud from laser scanning into a coordinate system.
e) Design of digital drawings (horizontal plans, sectional drawings, and facade
drawings) for image scales 1: 5,000-1: 500, 1: 200, 1: 100, 1: 50, 1: 20, 1:10, 1: 5
f) 3D model creation:
. 3D linear graphics, surface plotting using the systems that allow drawing on
existing plans and sections in 3D,
. Modelling of 3D DEM,
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. Processing of point clouds: editing (clearing), joining, face recognition,
replacing a point cloud by 3D planes or 3D objects (a cube, a rectangular parallelepiped,
a ball) or objects from the digital database directories, etc.,

. Texture input - unvarnished or in accordance with the client requirements.

g) Graphical and computer presentation of results

1) Design of information databases for measured objects

j) Data input into GIS

1) Representation of the results of the actual object state in 3D:

o 3D object viewing , 3D animations,

. Virtual reality - the advertising industry - motion pictures in 3D, in historic
buildings and historical territories, computer games,

. Virtual viewing of historical objects in 3D,

o Evacuation plans and crisis and emergency management,

o Technological solutions and production management - industrial, energy,

chemical systems, etc.

CONCLUSIONS. First of all, the 3D technology for modelling of architectural
monuments in the Czech Republic was considered. At the next step the concept of early
detection of errors in 3D images of actual building behavior and their exception, as well
as introduction of new technologies into existing processes and implementation of new
technologies into GIS were presented. The methodology for documenting the actual
object behavior in 3D was defined and outlined. As an example of a system for
documentation and monitoring of cultural heritage objects the database created in the
Czech republic was presented.
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K. Bax
NPUMEHEHHUE TEXHOJIOTUUA TPEXMEPHOI'O MOAEJIUPOBAHUSA
JJIsI MOAEJIUPOBAHUS TAMSATHHUKOB APXUTEKTYPHI B YEIICKOU
PECITYBJIUKE

Cmamwps nocesujena paccmMompenuio 80npocos npumerenus 3D-mexuonocuti
OJ151 MOOENUPOBAHUSL APXUMEKMYPHLIX namamHukos 8 Yewickou Pecnybnuxe. B nHawem
ciyyae 3D coxpanenue NamsmMHUKO8 UCMOPUU U KYJIbMYpPbl O3HA4aAem o00pabomiy
UBMEPEHHBIX OAHHBIX He0OX00UMO20 COOEPIAHCAHUS 8 TOKATbHOU cucmeme KOOpOUHam u
8 eviopannom macwmabde. 1o nonyuenHviM pe3yiomamam HeoOX00UMO onpeoenums
mpebosanus K mouHocmu uzmepenuu. OCHOBHOU Yenbl0 HAWe20 UCCIe008aAHUs
A67I51eMCSl panHee 8vlseieHue omuook 8 3D-uz00padiceHusx Gakxmuueckoeo noseoenuis
30aHUSL U UX UCKTIOUEHUe, A MAKJICe BHeOPeHUe HOBbIX MEXHOI02Ul 8 CYuecmayouue
npoyeccol u 6Heoperue Hogvix mexnoaozuti 8¢ IUC. B cmambe uznodxcena memoouxd
O0OKYMeHmupoganus axkmuuecko2o nosedenus obvekma 6 3D. B xauecmee npumepa
cucmemvl OOKYMEHMUPOBAHUSL U MOHUMOPUHEA 00BbEKMO8 KYIbMYPHO20 HACAeOUs 8
cmambe paccmampusaemcsi 6aza 0auHvlx, cozoannas 6 Yeuwickoii Pecnyonuxke.

Knrwoueesvie coea: MOYHOCb, oemanuzayusi OOKYMEeHMUpOoB8aHusl
APXUMEKMYPHBIX NAMIMHUKO8, Memo00102us, NogedeHue peaibHulx 00vekmos 8 3D,
gomoepammempuueckas coEMKA.

K. Bax
3ACTOCYBAHHS TEXHOJIOI'Ti TPUBUMIPHOI' O MOAEJIOBAHHSA 11
MOIAEJIOBAHHSA TAMSATHHUKIB APXITEKTYPHU
B UYECBHKIN PECIIYBJIIII

Cmamms npuceauena posensdy numanv 3acmocysanus 3D mexwnonocii 0ns
MooenoeanHs apximekmypuux nam'smox 6 UYecwkiui Pecnyoniyi. Y pozenamymomy
BUNAOKY 3acmocysanus mexuonoeii 3D moldenoeanHs 0ns 30epediceHHs nam'samox
icmopii ma Kyiemypu o3Hauae oOpobieHHs 0aHUX 8UMIPIOBAHb HEOOXIOH020 3Micm) 8
JIOKANbHIU  cucmemi KoopouHam i 6 o0panomy macwmabi. 3a ompumaHumu
pe3yibmamamu 8 pobOOmi BUHAUEHO HeOOXIOHI 8UMoeU 00 SAKOCMI BUMIDIOBAHD.
OCHOBHOIO MemOI HABEOEH020 OOCNIONCEHHS € PO3POONEHHS MemOoOUuKy ma nepeniky
8UMO2 OJIsl PAHHBO2O BUSBNIEHHS NOMUNOK Ha 3D-mooensx ons gixcayii ¢paxmuunoeo
cmauy nam’Smox apxXimekmypu, a makoic 6NPoBAONCEHHS HOBUX MEXHOIO02IN 8 ICHYI0U]
npoyecu MOHIMOPUH2Y NAM SMOK apXimeKmypu ma 6npo8aodNCeHHs HOBUX MeXHONI02il
6 IIC. 'V cmammi euknadena memoouxa OOKYMEHMYBAHHA (DAKMUYHOSO CMAHY
nam’samox apximexkmypu y ¢opmami 3D. Po3zensanymo ocHO8HI emanu, SKi 6KII0YAIOMb.!
CMBOpeHHs 2e00e3uyHoi  Mepedxci, oemainbHe 2eodesuyHe SHIMAHH3,
Gdomozpammempuyne 3snimanns, cmeopents 3D-moodeni, npoexkmyeanns 6a3u OaHux ma
3acmocy8anHa  MexHono2it  eipmyanvHoi  peanvhocmi. Ak npuxnad  cucmemu
OOKYMEHMYBAHHS | MOHIMOpUH2Y 00'€Kmi6 KyibmypHoi CcnadwuHu 6 cmammi
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poszensidaemucs baza oaunux, cmeopena 6 Yecwokiti Pecnyoniyi na ocHO8I 2e00e3uyHux i
GomozpammempuyHux MmexHoN02iu.

Knrwowuosi cnosa: mounicms, Oemanizayisi OOKYMEHMYBAHHSA aAPXiMeKMYPHUX
nam'smok, memooonoeis, nogedinka peanrvHux 00'ekmie 6 3D, gomoecpammempuune
SHIMAHHA.
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JOCJIILIDKEHHSA KPEHY CIIOPYU BAIITOBOI'O TUITY METOAOM
HA3ZEMHOI'O JIABEPHOI'O CKAHYBAHHA

Haseoeno  pezynomamu  Oocniodcenns  memoody  HA3EMHO20 — 1A3EPHO20
CKAHYBAHHS Y BUPIWEHHI NPAKMUYHO20 3A680AHHA 3 CNOCMEPENCEeHH 34 KPEeHOM
cnopyou bawmosoco muny. Ak 06’ckm 00cCniodiceHHs 00paHo 0eKOpamueHUll
Memanesuti wnuib eucomoro oausbko 50 mempis. HeoOXiOHicmb 6U3HAUEHHS KpPeHy
cnopyou 6yna nog ’s3aHa i3 NOYamKoOM peKOHCMPYKYii, nio Yac sAKoi 3aQikco8ano 3HaA4HI
BIOXUNIEHHSI KOHCMPYKYIL 8i0 11 (hakmuyHo20o NOJLONACEHHS 3a Mamepianamu BUKOHABY020
3HIMAHHA HA MOMEHM CNOpPYOJICeHHA. 3a pe3ylbmamamu 1a3epHo20 CKAHY8AHHA yici
KOHCMPYKYii noOy008aHo mpusumMipHy mooeib, KA OVid NOPIGHAHA i3 NPOEKMHON
Mooennto. 3a pe3yibmamamu  NOPIGHSAHHS BU3HAYEHO KpeH CHnopyou, a makKotc
20pU30OHMANbHI NepeMilyeHts Y pi3HuX nepepizax. Buxonano nonepeoHii po3paxyHox
MOYHOCMI Ma 6CMAHOBIEHO, WO Memoo0 HA3EMHO20 11A3ePHO20 CKAHYB8AHHS 00360JIAE
BU3HAYAMU KPEHU CNOpPYO OAWmMo8020 muny 3 Heooxionoro mournicmioo. OKpim KpeHy ma
nepemiujensb, 3a MPUSUMIPHOIO MOOENNI0 BUSHAYEHO KpY4eHHs cnopyou. Pezynomamu
00CNI0HCEHHS NTIOMEEPOUNU OOYLTbHICNb BUKOPUCAHHA MeMOOy HA3EMHO20 IA3ePHO20
CKAMYB8AHHS OISl CHOCEPENCEHb 3 KPEHAMU CHOPYO 0AUmMo8020 muny.

Kniouogi cnosa: kpen, nazemue nasepue CKAHYBAHHA, KPYUEHHS, MPUSUMIPHA
MoOenb, 20pU30HMalbHe NepemileHHs.

Beryn. BusHaueHHs KpeHIB 1HKEHEPHUX CHOPYJ OAIlITOBOTO TUIY € THIOBHUM
3aBJlaHHSAM 1H)KeHepHoi reojesii. Jlo cmopyn Takoro tumy Hanexarb omopu JIEIL,
pazio- 1 TeIeBeXl, TUMOBI TPyOH, MeKopaTUBHI OamTu Ta iH. JI0 TENEepimHbOro 4acy
PO3pO0JIEHO Ty HU3KY METOJIB, IO JAIOTh 3MOTY HAMIMHO BH3HAYATH HAMPSIMOK Ta
BEIMYMHY KpeHy OamroBux crnopyn. Cepen HaWOUIbII MOMMPEHUX METOAIB BIIMITHMO
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