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ABSTRACT:

Letychiv (pl. Latyczéw) is a town located in cemttikraine in the Khmelnytskyi Oblast. It has a wmgand complicated history.
Second World War left it in ruin, destroying buiids, infrastructure and decimating its once largpupation. Perhaps the most
prominent part of the town currently is the builglibominican convent with adjoin Letychiv Assumpti@murch. This object is
surrounded by what is left of the previously imsies Letychiv Castle, founded by Jan Potocki in 199&st 30 years have been
dedicated by this small Catholic parish towards ilding monastery-castle-church complex. Since ihisn ongoing project, it was
decided to perform a photographic inventory of ¢cherent state of the construction and to creat® aigital model of the castle,
facade of the church and monastery, and the altas. task have proven to be difficult due to comgéd structure of the object.
Facades and inner parts of the church are almage with limited number of distinctive elements,intad in pail gold. Elements
other than white are almost identical to each ottiéeads to various errors in the processingtafi&ure-from-motion. This article
describes how various versions of SfM algorithm kvthiru mention difficulties, compares results imnte of accuracy, level of
detail and overall look. It also describes how Sfh help to document various stages of restorati@gmportant historical objects.

1. INTRODUCTION 2. STUDY AREA - ASSUMPTION CHURCH,

Recent years brought a growing need for documerttiityiral

heritage monuments to preserve their current sgidedigital

models are used during reconstruction or renovatiout

sometimes may become the only documentation obdlilding

if it dilapidates. Often terrestrial laser scannimgvides data
for non-parametric modelling. This method is acteir@nd can
be used in almost all instances, but it is alsoeasjve.
Photogrammetry has come to aid with Structure-froation

algorithms that produce a point cloud and fullytbesd 3D
mesh model
(Verhoeven, G., 2012). This method, being not azii@ate as
terrestrial laser scanning, is rapidly becomingheaper and
faster alternative (De Reu, J., 2013). Since thénaakitself has
many implementations it has become important to pam
popular software’s regarding quality of created i8bdels and
point clouds (Green, S., 2014). An example of Lagye

Church/Monastery/Castle complex was used. It wasechdse
to a variety of objects to be modelled from thecknwvall (a

large number of distinctive elements), white facadlack of

details), to golden altar (reflective elements). tycaew

Church/Monastery/Castle was in need of a 3D modeitsof
current state due to extensive ongoing renovation.

* Corresponding author.

DOMINICAN MONASTERY, CASTLE IN LATYCZOW

Letychiv (pl. Latyczéw) is a town located in cemttékraine in
the Khmelnytskyi Oblast. It has a unique and coogpéd
history. It was most probably founded in the XI\htgy by the
noble Koaratowicz family after Tataras were remofredh the
Podole area. In 1366 the town and all of the Podegéon was
moved under the regime of Polish king Casimir ll¢ tBreat
(Kazimierz Il Wielki). The town was destroyed matiiyes due
to its placement on the track of important norththoand east-

of the object based only on photographaest routes. In 1637 polish King Sigismund | thel @Iygmunt

| Stary) honored the town with Magdeburg Law. Itswa,
however, until 1598 when Jan Potocki took holdasfié parts
of the land and decided to surround Latyczéw witlstane
castle. This lead to creation of a castle-town demp
surrounded by three smaller villages. Constructibthe castle
did not stop the invasions, but allowed the townb& more
protected from burning it to the ground as it wasmeal some
many times before. A castle was constructed witialloock (in
most parts limestone) with four fortified towersn& the town
was naturally surrounded by Volk River a moat wasedto
secure the town and a drawbridge was built inttleaglls.

The first parish in Latyczow was probably estatdistin 1430

but the wooden church was destroyed along withtoen in
1453. It wasn't until the end of XVI century thaivot
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missionaries of Dominican Order came providingtthen with
a constant spiritual guide. Not long after the artvwas
funded it was given charge over a stone churctdiibbably
during the construction of the castle. The churdelfi was
placed just outside the castle, it had small fiediftowers
hidden within its shape. Over the years to thedyasund shape
of the church two aisles ware added and a porcburd 1606
the Monastery was attached to the church, it wai#t u
Renaissance, Mannerism style to match the temple.ciibrch
became famous due to the image of Mother Mary ofdzw.
A copy of famous Santa Maria Maggiore church pam{iSalus
Populi Romani) done in the second half of the X\itoey by
an unknown artist. Painting was entrusted to thenibixan
Order by the Pope, and then transported it to thgdzow
Church. The painting has become famous for manyede
miracles that occurred in its presents and quibkigome one of
the most recognizable images of Mother Mary withl€hi the
middle Europe.

After the First World War the area was placed untter
jurisdiction of Soviets. The church and the mongsteere
closed. Priests, monks and many parishioners warewed,
some murdered. The buildings were used as warescarse
stables. In the region electricity, schools, roadsl other
infrastructure were built. But this has not mitighteith human
losses during the time of great Holodomor. SecoratlWvar
left Latyczoéw in ruin, destroying buildings, inftascture and
decimating its once large population. Records sugtfest
within the Latyczew church complex and near surddogs two
separate prisons were held at different times. mauriNazi
occupation a Jewish ghetto whose prisoner was &@dn
1942, later a prison for those oppose to Soviebbmolitics
was established. Not much is known about the peon

Currently, the town is slowly coming back to its\ioais glory.
Perhaps most prominent is the building of the Meargswith
the adjoin Letychiv Assumption Church. This objed i
surrounded by what is left of previously impresshetychiv
Castle (Szumit, H.l., 2015). During the past 30 gear small
catholic parish rebuild this convent-castle-churchmplex.
Since this is an ongoing project, it was decidegeoform a
photographic inventory of the current state of tlastruction
and to create a 3D digital model of the castle towetside
facade of the church and monastery, and middle waith the
use of Structure-from-motion method.

3. STRUCTURE-FROM-MOTION ALGORITHMS

Structure-from-motion algorithms are a relativelwnpart of
photogrammetry (Doneus, M., 2011). They allow ftmast
automatic creation of 3D Mesh models, textured Mesttels
and point clouds from a series of pictures (ChiadboanF.,
2015; Shah, Y., 2018). Algorithms allow to recognilzigh-
contrast features (of the object), follow their rmment through
a series of pictures and produce a sparse pointddiased on
feature placement in the image series (Rayn I.C.5R0h
order to perform that a series of filters is apglie the pictures
in order to worsen quality and find most promintgatures of
the element. In most current instalments camerasotioeed to
be pre-calibrated, camera calibration is done witlihe
algorithm. Software possess calibration informafmmstandard
camera or lens types and this data is used thosvialj to

remove distortion. In case a camera was custoniizesbme
way all calibration information can be added by tiser.

Two softwares that use different approaches to Béve tested.
Agisoft Photoscan (AS) is known to be based oniticathl
stereo-image analysis and performs best in objegtsrior
modelling. Software looks thru pictures in order fiod
matching pairs — left and right image and basinghem a 3D
scene and 3D location of cameras is extracteds Inostly
advised to be used with drone-based pictures. Bentle
ContextCapture (CC), was designed for out-door andoor-d
modeling and uses Perspective-n-Point (PnP) algoritPnP
estimates the position of a camera given as afseB® points
and their corresponding 2D projections in the imége, Y.,
2006). In case of CC minimum n is 3. Agisoft Photos(aS)
and Bentley’'s ContextCapture (CC) programs were used in
order to create 3D models of exterior of church ammhastery,
altar of the Assumption Church and remains of fredifcastle
tower. In case of Latyczéw Church/Monastery compéeades
and inner parts of the church are almost white Wiithited
number of distinctive elements, painted in paildydtlements
other than white are almost identical to each. Thisk of
contrast and unique features leads to various sriorthe
processing of Structure-from-motion. Castle wallstioa other
hand are light grey, have a lot of distinctive edeits and can be
used as reference models since the results, imgesbould be
similar in CC and AS. Survey was done in Septembe&t0d8
and lasted one day. Number of pictures: facade6; &a@stle —
320, altar - 273. In order to scale obtained modigks black
and white 20 cm targets, paced in various locatisese used.
Models were calculated in medium quality in bougbftware’s
with the use of the same computer (8 GB RAM, Gefé@@ M
graphic).

The comparison was divided into two groups visual a
numerical. Visual analysis describes a number ofailde

obtained in mesh model and point cloud, their aacyin the

sense of general shape, number of artifacts, numibeaholes

and quality of texture. Numerical analysis desaibihe

divergence in distance between separate parteohtdels that
show if they represent the same shape.

4. VISUAL ANALYSIS

Visual analysis started with assessing the rang€ll6$H and
point cloud models of the object. In case of tharand castle
results were similar. In case of monastery resditfer. AS

produced a full model of the monastery (excludihg toof)

with one noticeable error. One of the aisles waghsy

misshapen and two similar roof towers shifted abuab0.5

meters appeared. This was due to lack of prope¥sacat this
side of the building during survey. In case of CCyahk front
of the building was modelled, other walls were naspd and
rotated. CC is more susceptible to pictures dona angle and
requires more pictures. Further analysis were padd on this
part of the facade (table 1.).
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Figure 1. Mesh models from ContextCapture (Left) Agiboft (Right)

Table 1. Visual comparison of models from AgisdifiobBbscan and Bentley Context Capture

Feature Object Agisoft Context Capture
Artifacts Castle Large number of artifacts mostly top | Smaller number of artifacts, two types
parts of the roof, associated with sky associated with the sky and mistakenly
calculated top parts of the roof.
Monastery | Large number of artifacts mostly in toMinimum number or artifacts mostly
parts of the roof, associated with sky around top parts of the roof
Altar No No
Voids Castle No voids No voids
Monastery | No voids Voids appear in large flat wisiteas
Altar No voids Voids appear in large flat white ase
Falsely Castle Filled voids between balustrade elementslost no filled voids in balustrade,
filled windows do not represent proper depth | proper depth of windows
voids Monastery | Portal arches do not have a proper shale,falls fillings
partially filled, cross is falsely connected to
the floor and wall, lamps do not maintain
proper shape
Altar Columns do not maintain proper shapeédne of angel’'s wings connected to the
falsely connected to the walls or archesltar portal.
Angel’'s wings connected to the altar portal.
Model Castle similar similar
Range Monastery | All buildings Only front
Altar similar similar
MESH Castle Point cloud is more detailed than mes$ame amount of detail
versus (cross outside the walls exist on the pajint
point cloud, does not on a MASH)
cloud Monastery | Point cloud is more detailed than mesSame amount of detail
(cross, parts of the roof)
Altar Point cloud is more detailed than mesBame amount of detail
(details of the candles, hanging lamp )
Details Castle Good representation, lamps and protrudidMpre detailed model (bricks, plants,
represent- elements modelled poorly, elements areafs, balustrades) good representation
ation misshapen or flatten and ingrained in to thef protruding elements, correct shape
walls and placement
Monastery | Good representation Good representation
Altar Mild representation (gold ornamentdMild representation (gold ornaments
visible only via texture, not visible on Javisible only via texture, not visible on a
clean mesh model), poor representation afean mesh model), good representation
lamps Figurers (Figurers with limitedof lamps, and Figurers, visible 3D shape
number of features, lamps not modelled|or
misshapen)
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ContextCapture models in all accounts provided thex usth

more detail. Pounding elements were modelled ctiyrethere

were almost no false connections of those elemeats
surrounding walls. Also, there were no incorrediinfys of

voids, stairs balustrade, porches and arches restime& real

shape. Small detailed objects looked more realistmvever,

CC also produced more voids in white or almost whiteas
where AS managed to keep constant surface. CC andefS
similarly unable to give many details in gold orrents or

finishes of the altar. However CC model had more lu€pS

model had almost flat areas where ornaments wegrgosed to
be placed). The general review of the texture f&wour of CC.

Textures have better colour and blend, give a nieadistic

effect. CC also gives more detailed point cloud amdoial

gives more small elements in MESH model.

5. NUMERICAL ANALYSIS

Numerical analyses for the castle, monastery atzal fdr both
point clouds and mesh models were made in the Cloug@e
v2.10 software. Due to very large cloud volumeshef castle
and the monastery from CC, the total number of poitsived
was reduced thrice to improve time of calculatibhe density

of each of the clouds was determined using the iBens

function. The Precise method was applied, basedthmn
calculation of the number of neighbours for eachdit within
a sphere with a given radius. The original numbqraints and
the determined density (presented using histograms)
summarized in Table 2. The clouds originating frQ@ are
characterized by a significantly higher number dfings
reaching several hundred million. It also transatéo a much
higher density even in the case of reducing thebmirof points
taken into account in the calculations. It is worthmention
that during calculations the same number of phetas used
and similar settings were used in CC and AS.

Distance differences between point clouds and rmestels
(functions Cloud / Cloud dist. and Cloud / Mesh diaieye also
determined. Data from AS were set as Reference,eakatata
from CC as Compared. The visible range of the resal w
limited in order to omit the excess of one datardkie other in
the analysis. Comparison of the point clouds shohast t
although the general shape of the point cloud#ifias points
diverge for at least 10 cm not only at the edgethefmodel
(that was expected) but also at more difficult amate detailed
elements. Comparison of mesh models shows simitarteeas
point clouds.

Table 2. Numerical comparison of point clouds frAgisoft Photoscan and Bentley Context Capture

Feature Object Agisoft ContextCapture
Number of points| Castle 3781436 234681819
in point cloud| Monastery 15820129 177349739
(primary) Altar 5718217 32371284
POint C|0Ud Castle Volume density (r=0.05) (3781436 values) [256 classes] Volume density (r=0.05) (78000000 values) [256 classes]
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Figure 2. Up: Cloud to cloud distance; Down: meshmash distance (castle; monastery, altar)

6. DISCUSSION AND CONCLUSION

The aim of this study was to show if SfM algorithaikw for
creation of 3D models of white or shiny facades waatls Gao
Y, 2014). General results show usage of differeftware’s
results with differ in accuracy, range and qualifygisoft
provides usually larger range of modelled objecbriestery)
and less gaps in models. ContextCapture produces mang
false voids in the white areas. It was observetherfacade and
on the back of the altar. On the other hand AStesetess
detailed object, this leads to false void fillingr¢hes, stairs,

case of the facade errors grow going up the wath(growing
pixel size). It could also result from placementohtrol points
on the lower part of the facade. Errors on thigobare biggest
but this is due to its size. Dispersion of theatise differences
is most significant in the case of the altar. Sintéte areas are
mixed with fresco it can be observed that parts wibre colour
fit each other better than white and shiny-goldralets. This
object being 1/3 the height and 1/5 the width dieottwo
shown most errors.

This study shows that while creating a 3D modehwsitructure-

windows). The shape of smaller elements in CC is morgrom-motion algorithms it is important to plan wrsaiftware is

accurate and the model provides more details, doesreate
false fillings in voids. Mesh models from CC look radike

handmade wireframe models that a mesh providingrgel
number of straight lines, flat surfaces etc., wherAS looks
like a classical mesh with shifted, wavy lines e edges. In
case of mesh model, AS produces more artefactméeat to be
removed. Point clouds in CC and AS look similar bugsm
models differ. In case of standalone objects (¢rASsdoes not
deliver mesh. General overview shows that howeveis i
possible to create a model of all objects whitenelets provide
with many errors. In case of CC most significant wasdomly
occurring gaps in white areas. In case of AS nuntegaps
was limited but in case of the altar is was appatieat white-
on-white elements do nor model property (white &ge top
of a white wall, white columns on white walls etcThis

problem was almost not existed CC.

Numerical analysis shows distance differences texwaodels.
With the pixel size of a few cm differences of B and up can
be viewed as significant. As it is visible in théglreures
smallest count and dispersion of deference’'s agpearthe
castle. This is due to large amount of details len dbject. In

going to be used. For more detailed work CC is meedull but
for modelling larger areas with less detail AS dam used.
White objects are significantly harder to model aasults are
not always predictable. They provide models withidsoor
misshapen elements. Case of the altar shows thdt whing
the same data and similar settings results caerdiff shape,
size and level of detail (LOD). While this studyosis slight

advantage in ContextCapture (basing on LOD, accuracy,

amount of data) AS has an upper hand of creatimpstl void
less 3D mesh.

Creation of a 3D model of archaeological or heritages is
important since it aids in preservation of theiragh and
structure. It is especially important with objedt extensive
tourist visits. 3D models aloe to better plan teurmhovements
and allow for creation of extra escape roots (Kmke A.,

2016.
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