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Abstract. Landmarked buildings require periodic inspection and restoration. Numerous techniques are known
that allow engineers to perform detailed inspection of buildings and structures. In recent decades, 3D scanning and
photogrammetry application for building inspection spread around. The purpose of the study is to develop the most
effective approach to aerial photography with the use of UAV to create precise model of the building. Methodology.
The technique is based on the creation of three-dimensional model out of 2-dimensional photographs with the help of
dedicated software. Scientific novelty can be considered as the development of an algorithm for programming the UAV
flight along the most optimal trajectory in order to obtain a sufficient number of images, and consequently constructing
a model with the least number of distorted sections. The result of the work is a three-dimensional model of a building or
structure with all actual sizes and textures preserved. Obtained model can be later used for a detailed study of the
damages of the existing structural and architectural elements of building; also, it can be used as a background model for
the reconstruction or restoration project design, depending on the research objectives. The practical significance of this
method is demonstrated by the inspection of the actual landmarked building: the Mennonite school in Zaporizhia city.
The inspected building was built in the late nineteenth century and has not changed its functional purpose until today.
The building is one of the few well-preserved examples of authentic Mennonite architecture in the region, therefore a
great deal of attention was paid for inspection and elaboration the measures for its restoration. A complex inspection
was performed using 3D photogrammetric survey and creation of a three-dimensional model. Using the model, the
places that need to be restored are precisely identified, and the defects that need to be eliminated are identified. The
technical condition of the structures is estimated even in hard-to-reach places. Thus, it is clearly shown that the
presented inspection technique significantly reduces labor intensity and raises the efficiency of building and structures
inspection.

Keywords: building inspection; 3D modeling;, 3D photogrammetry;, 3D scanning; landmarked buildings preservation;
heritage objects capturing
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AHoTallisi. [TaM'sTKH apXiTeKTypy BUMAraroTh IEPIOAMYHOrO OOCTEKEHHS 1 pecraBpallii. ICHYIOTh YMCIIEHH]
METO/MKH, IO JO3BOJISIIOTH JETANBHO OOCTeXHTH OymiBii i copyan. B ocTaHHI AECATIIITTS BEIMKOTO IOIIMUPEHHS
HaOyB croci® obcrexkeHHs 13 3acTocyBaHHsAM 3D ckanyBaHHS i ¢oTorpammerpii. Mema NOCHTIIPKEHHS - PO3POOJICHHS
HaHOUIBII eeKTUBHOTO Mmimxoxy 1o aepodoro3itomMkn i3 3acrocyBaHHAM BIIJIA it moOymoBM HaOLIBII TOYHOT
Monen OyniBmi. Memoodonozia. Meronuka OynyeTbcss Ha MOOYIOBI 3 ABOBUMIpDHHX (POTO3HIMKIB 3a JTOTIOMOTOIO
CIENiaJbHOTO MPOTPAMHOTO 3a0e3MedeHHsT TpUBUMIpHOI Mojeni. Haykoeow Hoeu3HO MOXXHA BBAXKATH PO3POOKY
anroputMy s mporpamyBaHHS 1oiasoTy BIIJIA mo HaiOimpn onTUManbHIN TpaekTopii 3 METOI OTpPHMaHHS
JOCTaTHBOI KUTBKOCTI 3HIMKIB 1, OT)Ke, TOOYZOBH MOJEIi 3 HAWMEHIIIOI KiTBbKICTIO CIIOTBOPEHUX OUITHOK. Pe3ynbmam
pobomu - TpUBHMipHa MoJeNb OyniBii abo cropynu 31 30epeXeHHsM yCiX (akTHYHHX PO3MIpiB 1 TEKCTyp. Moxaens y
NOAAJBLUIOMY MOXe OYTH 3aCTOCOBaHa SIK JUIS IETAIBHOTO JOCIIDKEHHs Ie)eKTiB iICHYI0UMX KOHCTPYKIIH i €IeMEHTIB
OyniBii, Tak 1 sIK MiJOCHOBA JUIs PO3pOOJIEHHS KPECICHb sl MPOEKTY PEKOHCTPYKUII abo pecTaBpaiii 3alie)kHO BiJ
MeTu pociijkeHHs.. IIpakmuune 3nauenns 1i€i METONMKU NPOAEMOHCTPOBAHO IIiJi 4ac OOCTEKEHHS PEalbHOro
00'eKTa KyJBTYpHOI CIIQJIIMHU: 116 MEHOHITChKA IIKOJIa B M. 3arnopixxks. Byzisis, mo obcrexysanack nmoOynoBaHa B
kiami XIX cromiTTs i MOHMHI He 3MiHMIA QYHKIIOHANEHOTO npu3HadeHHs. L[ cmopyna - ogwH i3 HebaraThox n00pe
30epekeHNX 3pa3KiB aBTEHTHYHOI MEHOHITCHKOI apXiTEKTYypH B LbOMY PETiOHi, TOMy OYJIO NPHIUICHO BEIHUKY yBary
OOCTEe)KEHHIO 1 PO3pOOJICHHIO 3aXOAiB 3 ii BiMHOBICHHA. BHKOHAHO KOMIUIEKCHE OOCTEXEHHS i3 3aCTOCYBaHHSIM
(hoTorpaMMeTpUIHOT 3HOMKH 1 TOOYIOBOIO TPHUBUMIPHOT MOJIeNi. 3 BUKOPHUCTAHHSAM MOJIENI TOYHO BCTAaHOBJICHO MiCIIA,
10 TOTPeOYIOTh BiTHOBIICHHS, BU3HAUCHO Ne(eKTH, sIKi MoTpeOytoTh ycyHeHHs. OIiHeHO CTaH KOHCTPYKILIN HaBiTh Y
B)KKOJOCTYIIHUX MicIlX. TakuM 4YMHOM HA0YHO IIOKa3aHO, L0 HABEJEHa METOAWKA OOCTEKEHHS ICTOTHO 3HMKYE
TPYAOMICTKICTB 1 miIBUIIY€E e(eKTUBHICTD POOIT 3 0OCTEKEHHS KOHCTPYKITii.
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AHHoOTAaUMA. [IaMSITHHKH apXHUTEKTYpPHI TPEOYIOT MEPHOIMYECKOrO OOCIECIOBAHKS M pecTaBpain. N3BeCTHBI
MHOT'OYHMCIICHHBIE METOJIMKH, IT03BOJISIONINE IETaIbHO 00CIIeI0BaTh 31aHKs U COOpYKeHHs. B mocnennue necsarunerns
00JBIIIOE PACIPOCTPAHEHUE TIONYIMWI CITocod oOcienoBaHus ¢ mpuMeHeHHeM 3D ckaHHpOBaHUSA M (POTOTpPaMMETPHH.
Ilenvro uccnenoBanus SBISIETCS pa3paboTka Hambolee IPPEKTHBHOTO MOIX0Aa K adpoOTOCHEMKE C MPUMEHEHHEM
UAV nns mocTpoeHus: Hanbojee TOYHOW MoJenu 3MaHus. Memoouka OCHOBBIBAETCS HA MOCTPOSHUH U3 JBYMEPHBIX
(hOTOCHMMKOB TIPH MOMOIIY CIIEHMHAIBFHOTO MPOTPaMMHOIO OOecredeHusl TpexMepHoit moaenu. Hayunoii noeusnoii
MOXKHO CYHTaTh pa3pabOTKy anroputMma s mnporpammupoBanus moseta BIIJIA mo nHambornee onTumanbHON
TPAaeKTOPUHU C LEJBIO IOJYYEHHs JAOCTATOYHOIO KOJMYECTBA CHUMKOB, W, CIIEJOBATENIbHO, MOCTPOSHHS MOJENU C
HaMMEHBIINM KOJIMYECTBOM MCKKEHHBIX Y4acTKOB. Pe3ynibmamom padoThI SBISETCS TpeXMEpHasi MOJIEIb 3/1aHHS WU
COOPYKEHUsI C COXpaHEHHEM BceX (pakTHUECKHX pa3MepoOB M TEKCTYP, KOTOPasi BIIOCJIEACTBUN MOXKET ObITh IIPMMEHEHA
KaK JUIsl IETaIbHOIO MCCIEA0BaHUS e(EKTOB CyLIECTBYIOMINX KOHCTPYKLHUH M 3JEMEHTOB 3[aHUs, TaK U B KauecTBE
TIOJUTOKKH JUIsl pa3pabOTKK uYepTeXKe JJsl MPOEKTa PEKOHCTPYKIMU WM PECTaBpallii B 3aBUCHMOCTH OT IieJiel
uccnenosanus. Ilpakmuueckoe 3nauenue NaHHON METOAMKU TPOJEMOHCTPHPOBAHO TPH OOCIIEAOBAHUM PEATBHOTO
00BEKTa KyJIbTYpHOTO HACIEIUs: MEHOHUTCKOW IIKOJIHI B T. 3amopoxee. O0ciueayemMoe 31aHue mocTpoeHo B KoHIe XIX
BEKa M [I0 CETONHSIIHUX THEW He MOMEHsUI0 (YHKIMOHAJIHHOTO Ha3HAYCHHS. 3/IaHUE SBISACTCS OJHUM M3 HEMHOTHX
XOpOIIIO COXPAHMBIIMXCS OO0pa3loOB AayTEHTHYHOH MEHOHHUTCKOW apXHWTEKTyphl B 3TOM PETHOHE, IMOTOMY OBLIO
yaeneHo OonbpIIoe BHHMaHHE OOCIEIOBAHUIO M pa3pabOTKe MEpONpPHUSATHHA MO €ro BOCCTAHOBJICHHIO. BBITOIHEHO
KOMIUTEKCHOE 00CIeIOBaHNE C IPUMEHEHHEM (OTOTPAMMETPHIECKON CheMKH U MOCTPOSHHEM TpexMepHoit moaenu. C
HCIIOJIb30BAHHEM MOJEIM TOYHO YCTAaHOBJICHBI MeCTa, TPEOYIOIIMEe BOCCTAHOBIICHHS, OMNpEIENCHbl JIe(EeKThl,
TpeOytomme ycrpaneHus. OIEHEHO COCTOSHHUE KOHCTPYKLHUH Jake B TPYIHOAOCTYIHBIX MecTax. Takum oOpazom
HAarJISIHO MOKa3aHo, YTO MPECTaBICHHAs METOIMKa 00CIIeI0BaHuUs CYIIECTBEHHO CHUYKAET TPYJOEMKOCTb U ITOBBIIIAET
3¢ GeKTUBHOCTH padoT Mo 00CIIe0BAHUIO KOHCTPYKITHA.

KioueBbie cioBa: ob6crnedoganue; 3D  moodenuposanue; 3D  pomoepammempus;, 3D ckanuposanue; coxpanenue
APXUMEKMYPHBIX NAMANMHUKOS, 00BEKMbL KYIbNYPHO2O HACAEOUs.

Introduction. There are not many land-  factors error could occur which increases the
marked buildings preserved in Zaporizhia re-  cost and duration of surveys especially when
gion, Ukraine. Therefore, they especially need  big projects are concerned.
preservation and, consequently, periodic in- In comparison to a traditional manual
spection and restoration. approach, modern digital methods of 3D

Detailed measurements of buildings and  capturing provide very accurate representations
structures - an integral part of the building of building’s properties including the
inspection. Landmarked buildings often have a  following: surface, structure, realistic visual
complex geometric shape, complex  presentation (textures). As far as landmarked
architectural forms of facades, complex crack  building inspection is concerned, 3D capturing
and damage patterns that requires capturing as  of building’s elements using different methods
well in order to analyze their potential causes.  has its wide practical use.

Furthermore, a detailed survey is required to Currently, there are two main approaches
determine the technical state of all structural  to 3D virtual modeling that are used to create
and architectural elements of the building for  digital models of different subjects: 3D
the restoration of the landmarked building. scanning and photogrammetry. 3D scanning

It could be challenging to perform detailed  based on using highly specialized equipment
measurements manually in practice, especially  that measures and reconstructs the surface of an
at height and in hard-to-reach elements of  object using technology based on stereo vision,
roofs, towers, etc. In addition, manual light wave, or sound wave distance
collecting of geometrical dimensions of  measurement. Alternatively, photogrammetry
elements are labor-intensive and the human
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methods extract information from 2D
photographs to reconstruct objects in 3D.

Recently, low altitude unmanned aerial
vehicles (UAV) expanded its practical
application area in the construction industry.
These vehicles fully meet the needs of 3D
photogrammetry capturing of building-sized
objects.

During the last decade, many studies
concerning the use of 3D photogrammetry for
building inspection were carried out. Practical
use of 3D photogrammetry and 3D laser
scanning combination is described in the case
study of ancient theatre inspection [1].
Decreasing the time needed for documentation
was shown. Comparison of two terrestrial
photogrammetric methods - semiautomatic and
automatic was provided in [2] - the case study
of old military building capturing. In [3] the
accuracy of the UAV-derived 3D models was
assessed. The experiment showed that besides
the Laser Scanner Systems, even the lowest
cost systems based on UAV image processing
and photogrammetric analysis with Structure
from Motion algorithms are able to produce 3D
models, with a good level of accuracy. In [4]
practical use of Photogrammetry and aerial
photography in the field of building inspection,
as well as disaster assessment, is considered.
Automated masonry crack detection using
pictures taken by UAV is described in [5].

In this study, practical use of 3D
photogrammetry capturing in the field of
heritage objects inspection using an example of
the monument of Mennonite architecture in
Zaporizhia city is described.

To reconstruct a 3D model Autodesk
ReCap Photo software was used. The main
features of the obtained three-dimensional
model are high geometrical accuracy, the
presence of the textures, which allowed us to
analyze in detail the technical state of structural
elements, as well as various architectural details
and assemblies. Such an analysis makes it
possible to identify damage and structural
defects that cannot be captured by visual
inspection due to the inaccessibility and
complexity of particular elements.
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2. The methodology of a building
inspection: the case study of the monument
of Mennonite architecture

In order to illustrate the inspection
methodology an example of a monument of
Mennonite architecture is given. Mennonites
appeared in Ukraine in the last decades of the
XVII century and made a significant
contribution to the development of the region
[6]. They developed highly productive
agriculture, contributed to the development of
industry, trade, and finance of the region. One
of the few buildings that have retained their
functional purpose is the building of the
women's school (now Zaporozhia
Comprehensive School No. 81) in the village of
Rosenthal. The village was founded in 1790,
had one main street, which ran parallel to the
river Khortitsa. Currently, Rosenthal is part of
the of Zaporozhia city and is informally known
as Verhnya Khortytsya.

The building was built in 1895 and at the
time of the inspection, it fully functions as a
school (Fig. 1). Since its construction, a minor
architectural replanning, replacement of roofing
materials, replacement of the heating system
have been implemented. Basement, in general,
remained unchanged. In this case, structural
elements of the building were not affected.
However, over a long period of time,
destruction occurred: the structures underwent
some damage and deformation, the finishing
layers were dilapidated.

g

Fig. 1. Aerial overview of the building

A complex of inspection works was carried out,
including a detailed visual inspection [7],
determination of the strength of the material of
some load-bearing structures, geodetic
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measurements, and model
photogrammetric methods.

3. 3D Photogrammetry process

Photogrammetry methods extract
information from 2D  photographs to
reconstruct objects in 3D. This technique, also
known as image-based 3D modeling, uses
structure-from-motion and stereo reconstruction
algorithms to identify and match shared points
from overlapping photographs to create point
clouds and meshes representing the surface of
an object.

Depending on the position (point of view)
of a camera, photogrammetry can be classified
as a terrestrial or areal.

Each part of the building should be
photographed from at least three distinct — but
not radically different — viewpoints. The
overlap between consecutive photographs
should typically exceed two thirds. For aerial
photography, a longitudinal overlap of 80% and
lateral overlap of 50% or more are
recommended. Preparing a flight plan by
preprogramming flight trajectory helps to
achieve capturing pictures with sufficient and
systematic overlap [8].

There are two major phases
acquiring a 3D model out of 2D pictures:

- Aerotriangulation that represents the
mathematical process of establishing precise
and accurate relationships between the
individual image coordinate systems and a
defined datum and projection (Fig. 2) [9]. One
of the most fundamental processes in
photogrammetry is to identify and measure tie
points in several photographs, which is a part of
the aerotriangulation process. The camera
positions coordinates are determined during this
process as well.

- Reconstruction of a 3D model. Through
this phase, a 3D model (polygonal mesh or
point cloud) is constructed using data acquired
during aerotriangulation (tie points coordinates,
camera positions).

The end-product of 3D photogrammetry is
a precise 3D virtual model of a particular
subject. An output model could be represented
in different variations such as textured polygon
mesh or point cloud depending on the purposes
for the further use.

building  using

while
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For school capturing the combination of
aerial and terrestrial photogrammetry was
chosen. Because of a high density of buildings,
trees, power lines in surrounding area
application of aerial capturing only would not
have provided sufficient amount of pictures and
overlap required for accurate result model.

The aerial images were taken with the
UAYV DJI Phantom, a compact sized quadcopter
equipped with a built-in digital camera and
active stabilizer (3-axis gimbal).

Fig. 2. Simplified scheme of aerotriangulation

Camera has a resolution of 20 megapixels;
pictures taken with it contain metadata of GPS
coordinates and altitude value from the built-in
barometer.

Quadcopter was piloted in the polar
coordinate system with the origin in the center
of the building (Fig. 3). This made it possible to
achieve consistency in picture capturing and
sufficient overlap. In total, during the entire
flight session, 141 photographic shots were
taken.

Fig. 3. UAV camera positions

To provide capturing of the lower part of
the building as well as to capture architectural
elements of the building with geometrically
complex form, that is difficult to view from
above, terrestrial pictures were taken. Eighty-
five pictures were taken with action camera
Xiaomi YT 4K.
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Fig. 4. 3D Point cloud result model. Prospective view

F i. 5. — Textured and untextured result models

3D model was created with Autodesk
Recap Photo software (ex- Autodesk Remake)
in two variations — dense point cloud and high
accurate polygonal textured mesh (Fig. 4, 5).

The workflow of ReCap photo is
completely automated for image orientation,
aerotriangulation and for generating and
reconstructing the model. All operations that
require computing power of computer are
performed at cloud service. During this process,
the human factor is minimized, i.e. limited on
image and control points entering. The entire
process of photogrammetry and modeling is
automated, and no other human interference is
necessary.

4. Results of the inspection

Based on the results of the inspection and
capturing, defects were determined for
individual structural and architectural elements,
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a cracking pattern, and technical measures for
eliminating defects were elaborated.

Level 3
~ oo W

D400 14700

Fig. 7. Plan view

Damaged areas of the roof coating have
been precisely identified through studying 3D
textured mesh model in terms of both quantity
and quality, which is challenging to do with
traditional methods of inspection.

The obtained model was successfully used
for documentation of  structural and
architectural elements and the building itself.
Main drawings of existing building were semi-
automatically created in Autodesk Revit BIM
software with the help of background 3D point
cloud model (Fig.6-7). Creation such
documentation with traditional methods of
inspection would take a great deal of time and
human resources with lack of detail and
accuracy.

5. Conclusion

Today, the preservation of monuments, the
renewal and the restoration of historical
buildings and structures is an integral part of
the national culture. However, such work
requires serious efforts of many specialists to
perform proper diagnosis of the causes of
destruction and the application of effective
repair and finishing materials, as well as the
valuation of financial investments.
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The application of photogrammetry allowed
providing full documentation of the building in
a short time with minimum amount of human
resources as well as assessing the technical
condition of its elements including in hard-to-
reach places.

The combined photogrammetry method
including aerial and terrestrial capturing has

shown its effectiveness, especially for an
inspection of landmarked buildings due to their
complexity in form and density of obstacles
around.

Thus, it is clearly shown that the presented
inspection technique significantly reduces labor
intensity and raises the efficiency of building
and structures inspection.
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