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ABSTRACT:

3D modelling of architectural structures for monitg, conservation and restoration alterations @ritage sites has special
challenges for data acquisition and processing. dwracy of created 3D model is very importantgémeral, because of the
complexity of the structures, 3D modelling can ineetconsuming and may include some difficulties. tBDestrial laser scanning
technique is a reliable and advantageous methodefmmstruction and conservation of monuments. Tdhnique is commonly
acknowledged due to its accuracy, speed and flayibierrestrial laser scanners can be used faudentation of the cultural
heritage for the future. But it is also importantunderstand the capabilities and right conditiohsise and limitations of this

technology.

Istanbul is a rich city with cultural monumentsiltings and cultural heritage. The presented stahsists of documentation of a
Byzantine water cistern situated underground thetoof Sarnicli Hanbuilding. The cistern which represents a very gbeidg
example of its period has been modelled in 3D bggugerrestrial laser scanning technology and t®ieacy assessment of this

modelling is examined.

1. INTRODUCTION

Inspecting, monitoring, modelling, restoring anegerving of
historical monuments in 3D require automated ancurate
methods (Askin, et al., 2011; Abmayr, 2005). 3D atbed
measurement techniques are becoming a potentiaéffinnt
tool for preservation and mapping (Wei (a), et2010; Demir,
et al, 2004). Terrestrial laser scanners (TLS) aaltect a large
number of 3D points for reconstruction of 3D mod#i®bjects
(Wei (b), et al, 2010). Three different methods tenwidely
used for modelling of cultural objects; (i) photagmmetry, (ii)
TLS, (iii) combination of TLS and photogrammetryefina, et
al, 2010). Photogrammetry is a useful and accurathod for
complex objects. TLS has also become an advanceddtogy
for 3D modelling issues nowadays. Compared

photogrammetry, TLS produces 3D point clouds durihg
measuring process (Haddad, 2011) and it offersirmomis
monitoring opportunity. Historical objects can had@maging
risk by atmospheric agents and other external
(Pieraccini, et al., 2001) and the rapid TLS teghei provides
documentation of the objects without requiring eecli contact
with the object. Since the restoration of histdribaildings
needs detailed information such as comprehensitardiming
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of the structure, types of materials and reliable rBodel of
historical objects; TLS technique is a very effitiedata
collecting tool, because it is the first one of atin-invasive
surveying techniques. The gathered information easily be
integrated with high resolution digital images acmhverted
into the CAD systems (Pesci, et al., 2012). Changecten on
the object is also made precisely possible by usihg
technique: 3D models of cultural objects -beford after the
restoration- can be created easily (Vela, et d020

In the presented studygarnicli Han has been scanned with
Faro Focus 3Dlaser scanner. For 3D modelling 8arnicli
Han, Geomagiccommercial software has been usRdpidform
commercial software (trial version) has been uskm dor
accuracy analysis and analyzing the data for rémtucand

tofinding the best set of data.

2. STUDY AREA

facto Historical Istanbul without any water sources, alagays had

the issue of shortage of water, -both in Roman armhByne
era. Starting with the ancient Greek period, bggecins are
known to be built to supply water for the city (Ebheimer, P.,
Strzygowski, J.. 1893). Later, during Roman perilsd,asome
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other cisterns were built. One of them is CisterPlofoxenos
(Binbirdirek) which dates back td"&entury and is situated
between the Forum and the Hippodrome of Constargnop
Another well known and large cistern is Basilica &ist It's
known that there were more than 60 various sizetis built
during Byzantine era (Eyice, S. 2013)

Sarnicli Hanis on the west of Grand Bazaar in Istanbul in

Turkey, whereCadircilar Street andMuhurdar Street intersect
(Block 647, Parcel 30-31) (Figure 1). The buildisgconsisting
of two underground and two normal floors, as thaercbeing

the entrance level is about 2 meters above thetdeeel. The

Cistern is accessed via a two-flight staircase hiddeder a
metal lid on the North-Eastern corner of the court.
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Figure 1. The location of th&arnicli Hanin cadastre map

The Cistern has a square-like plan scheme withssifie8.0 x
8.0 x 8.3 x 9.8 meters and height of 7.10 metemn fground to
the keystone of dome. 3 corners of the inner whkéng
hydraulic plastered (Figure 2) below the archeschianfered,;
and the fourth corner protruding outwards has al sivape. On
6 of the 10 domes that form the topmost structthere are
cylindrical ventilation shafts that may also bedifer access to
take out water from above. Brick masonry can eabiéy
observed on the non-plastered upper part of thetogrtion,
starting with the arches (Figure 3). The thick lapé mortar
observed between thick bricks in arches and penasntells us
that these parts are made up with “concealed blidgkng
technique”. There are stripes on grouts which aaglenwith a
trowel. It's known that this brick laying technigqweas used
between 11'and 12 centuries. Thus, it is reasonable to addres
the Cistern to Middle Byzantine Period. Probably @istern
was under another structure during the Byzantin@&ehence
it can be said that there may be traces of othias raround.
Possibly alterations to walls were made by applytegnent
based mortar on time of the reconstruction of tia& The
Cistern, situated within Block 647/Parcel 31 isditas a
“cultural heritage to be preserved” by the order ‘Gf*
Committee of Conservation of Cultural and Naturalitdge of
Istanbul” dated 19.04.1988 and issued 297.
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Figure 2. Hydraulic plastered walls of the cistern

Figure 3. Brick masonry of the arches supporting e®m

Sarnicli Han is situated in is calledRegion of Hans that
consists of 8 hans and additional independent [saa®und
these; and they carry too much importance withr tfegation to
Grand Bazaar, being connected economically and qédijsi
As we know that the Grand Bazaar is always mentiawsethe
first shopping mall of history, these hans are pieces that
enclose shops, stores, ateliers, workshops, wasesoand
accommodation that support and supply to Grand BaBah
the Region of Hans and Grand Bazaar are functionally
permanent areas of traditional economy and tradeugfn
human history.

3. MATERIAL AND METHOD

Jhe cistern has been scanned with Faro Focus D saanner.
The instrument distributes the laser beam at aceéntange of
305" and a horizontal range of 36The measurement rate is up
to 976,000 points per second. Distance accuracypifo +/-2

mm, its range is between 0.6 m and 120 m in datylgid it
reaches up to 153 m in closed areas.

In the presented study, 536 million points havenbeszorded.
The study has three main processing steps which
measurement of ground control points by geodetigesy geo-
referencing of scanned patches and modelling ofrtbeument.
The general workflow has been given in Figure 4 anel
scanning plan has been given in Figure 5.

are
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Figure 4. General workflow data processing

Figure 5. Scanning plan of the cistern

The scanning has been realized from fifteen statiden of
them were inside stations and used to scan wallgeandomes,
three of them were at the entrance and last fiadosis were
used to scan stairs. The cistern has ten domesfahe the
scanning process was made from ten stations. By wsbund
control points which have been placed on the extewalls of
the cistern, point clouds have been registeredh& ground
coordinate system. The scanning distance was l@rspehe
footprint size had a 3 mm diameter. The modellirgutt is
given in Figure 6.

Figure 6. Reconstructed 3D model of the cistern

Due to density of the point cloud, processing can tie
consuming as well as it was in the presented stdiymedium
density point cloud may not be such difficult (Waed al.,
2008). If 536 million points of point cloud is takeinto
consideration, it can be apparently found out thiaeir
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processing takes a lot of time (Roca-Pardifias, et al
2008).Therefore, point clouds have to be filteredfole
modelling. Filtering is necessary not only for reion of
points, but also for noise reduction. In the préserstudy, in
the first step the level of filtering has been eeshed.
Therefore, the original point cloud data has bekeréd 25%,
50% and 75%; and mesh smoothing has been resedrckied
accurate and efficient set of data.

After filtering operation, mesh models have beeeated for
each filtered point cloud data set. Again, eachmemdels
have been smoothed in the minimum, medium and maxim
level. There are several methods for surface toaction.
One of them is B-spline (NURBS) curves, which is duse
commonly because of their accurate approachingstwface
reconstruction (Sun, et al, 2001). Delaunay tridatipn method
is also a favourite method (Gao, vd. 2012) for memymercial
types of software such as “Geomagic” and “Rapidfomhich
were used in the presented study. Mesh qualityctsfféhe
accuracy of the result. The Voronoi/Delaunay apginoa used
due to its strong capability. However, the createssh should
be smoothed after applying mesh generation mettmdsduce
noise and mesh errors (Vartziotis, vd., 2013).he presented
study, reference mesh model has been created frigmal
point cloud data first(Figure 7). Than minimum, riwed and
maximum smoothed mesh models from 25% filtered tpoin
cloud, from 50% filtered point cloud and from 75%efed
point cloud have been created. The medium smoottesglts
for 25% , 50% and 75% filtered point clouds haverbgiven in
Figure 8-a,b,c.

Figure 7. The mesh model from original point clalzda
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Figure 9-a. 25% filtered point cloud and medium ethed

Figure 8-a. Medium mesh models from 25% filterethpoloud mesh

Figure 9-b. 50% filtered point cloud and medium sthed

Figure 8-b. Medium mesh models from 50% filtereéhpoloud mesh

Figure 9-c. 75% filtered point cloud and maximumosthed
Figure 8-c. Medium mesh models from 75% filterethpoloud mesh

Due to complexity and type of material of tBarnicli Han 4. RESULTSAND DISCUSSION
some holes appeared after scanning. The holesbemrefilled

and evaluated for each filtering and related mesioathing  Sarnicli Han being a reconstructed version of its authentic
level. In the presented study, the holes have Hitled for  predecessor which was a"@entury building, has lost its

meshes which have been created from 25%, 50% af@l 75.. . ; ;
filtered point cloud data and smoothed minimum, imedand 5|gn|f|c§nf:e ove_r years by means. of archltecturbainhlstqry.
The building which stands today is only a concret-replica

maximum. For hole filling, linear and curvative metls have o . ’ i
been used. The curvative hole filling results f@@filtered ~ ©f the original one, having lost almost all of #schitectural
point cloud and medium smoothed mesh, 50% filtepetht ~ Characteristics. When speaking about the buildiselfi it can
cloud and medium smoothed mesh and 75% filteredtpioud ~ be argued about two things that have been remairtact: the
and maximum smoothed mesh have been presenteduref-  function of the building and the cistern underneathus, the

a,b,c. cistern comes into the picture, as the oldest stracthat has
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survived almost a thousand years, with
workmanship, almost intact materials and textued gives you
the feeling of travelling through ages. Of coursempared to
other great cisterns of Istanbul that supplied watehousands
of people; this one is yet small, but is a veryerakample of
this size cisterns with this quality.

The restricted maneuver area and difficult workaonditions
such as; lack of fresh air, darkness, difficultystay for a long
time period because of bad odor and harmful gdkes;ertain
level of water in the cistern and difficulties tischarge it, thick
layer of mud covering the floor, limited the numlaérscanning
stations. Therefore some of the scans resulted wittovered
areas. By the help of the 3D scanner that was ipoeil and
stabilized on proper points, the scanned data mtegriated with
high-resolution photographs and control measuresnemide
with total-station, handheld laser distance-meter simple tape
measures. At the end, an almost perfect and aecuratel of
the cistern was obtained.

It can be said that the presented study can bed=syed as one
of the most appropriate proofs of effective useeafestrial laser
scanning technology. If the position of the cistédlmmination

conditions and difficulty of access to the cistésrntaken into
consideration, it can easily be seen that it isadssible to
document and model this monument with the helpnef@her
techniques (Figure 10-a,b).

Figure 10-b.Level of the mud and water on timeaafrging

The results of filtering and smoothing steps haveerb
evaluated. For this, 30 reference control pointstloe mesh
from original point cloud have been measured. Thesats
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its authenti have been compared with the measurements on thenumm

medium and maximum smoothed meshes from %25 filtere
point cloud data, %50 filtered point cloud data &id5 filtered
point cloud data. The results have been presentédtle 1.

As it can be seen in Table 1, maximum differendsveen the
original mesh and smoothed meshes created froeneftpoint
cloud data is 1.82 mm. This difference is betweeiginal
mesh and maximum smoothed mesh from %75 filterddtpo
cloud data. If the results have been interpretedam be seen
that % 50 filtered and medium smoothed mesh daaaadable
and acceptable for reconstruction &arnicli Han Thus,
processing time can be reduced dramatically without
meaningful data loose. But this result is limitedthwithis
presented study only. Different objects have tptoeessed and
analyzed to generalize obtained results from thislys The
cistern which represents very good living examglésoperiod
has been modelled in 3D by using terrestrial lasznning
technology. The experience obtained from this stwdg not
only about using this technology in difficult cirmstances, but
also about the methods to be followed in. We daarpng to
develop efficient algorithms for integration of éasscanning
results with point clouds collected with photograetrit
method; to enhance hole filling results, by mergimint cloud
data -which are created from both TLS and photogratric
methods-.

%25 Filtered %50 Filtered %75 Filtered
Point Cloud Point Cloud Point Cloud
Data Data Data

Smoot
i [a) [a) > [a) x
hing | Z z a z g =
Level | = s s = s s = s s
MIN X 18 (8 |8 |8 |& |& |2 |8
mm |8 |8 |8 |8 8 |8 |8 |8 |8
=} =} =} =} =} <} =} =) =}
MAX 18 |8 18 8 [§ |8 |8 |9 |5
[e¢] [{e] — (o] o [Te) < o o
mm |15 & |8 |8 |=& | & |d& |o
— o — — — o — — —
AVE | |8 |B I8 |8 |& [ |8 |&
(mm) © — ™ < < o)) < [o0] (o]
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STD n [( N < < [o0] (2] (o] ™
DEV [e] ™ ™ (o] ™ [82] ~ © N
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Table 1. Analyzing results of mesh models fromatiht levels
of filtering
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