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ABSTRACT: 
 
3D modelling of architectural structures for monitoring, conservation and restoration alterations in heritage sites has special 
challenges for data acquisition and processing. The accuracy of created 3D model is very important. In general, because of the 
complexity of the structures, 3D modelling can be time consuming and may include some difficulties. 3D terrestrial laser scanning 
technique is a reliable and advantageous method for reconstruction and conservation of monuments. This technique is commonly 
acknowledged due to its accuracy, speed and flexibility. Terrestrial laser scanners can be used for documentation of the cultural 
heritage for the future. But it is also important to understand the capabilities and right conditions of use and limitations of this 
technology. 
 
Istanbul is a rich city with cultural monuments, buildings and cultural heritage. The presented study consists of documentation of a 
Byzantine water cistern situated underground the court of Sarnicli Han building. The cistern which represents a very good living 
example of its period has been modelled in 3D by using terrestrial laser scanning technology and the accuracy assessment of this 
modelling is examined. 
.

 
1. INTRODUCTION 

 
Inspecting, monitoring, modelling, restoring and preserving of 
historical monuments in 3D require automated and accurate 
methods (Askin, et al., 2011; Abmayr, 2005). 3D advanced 
measurement techniques are becoming a potential and efficient 
tool for preservation and mapping (Wei (a), et al., 2010; Demir, 
et al, 2004). Terrestrial laser scanners (TLS) can collect a large 
number of 3D points for reconstruction of 3D models of objects 
(Wei (b), et al, 2010). Three different methods can be widely 
used for modelling of cultural objects; (i) photogrammetry, (ii) 
TLS, (iii) combination of TLS and photogrammetry (Lerma, et 
al, 2010). Photogrammetry is a useful and accurate method for 
complex objects. TLS has also become an advanced technology 
for 3D modelling issues nowadays. Compared to 
photogrammetry, TLS produces 3D point clouds during the 
measuring process (Haddad, 2011) and it offers continuous 
monitoring opportunity. Historical objects can have damaging 
risk by atmospheric agents and other external factors 
(Pieraccini, et al., 2001) and the rapid TLS technique provides 
documentation of the objects without requiring a direct contact 
with the object. Since the restoration of historical buildings 
needs detailed information such as comprehensive determining 

of the structure, types of materials and reliable 3D model of 
historical objects; TLS technique is a very efficient data 
collecting tool, because it is the first one of all non-invasive 
surveying techniques. The gathered information can easily be 
integrated with high resolution digital images and converted 
into the CAD systems (Pesci, et al., 2012). Change detection on 
the object is also made precisely possible by using TLS 
technique: 3D models of cultural objects -before and after the 
restoration- can be created easily (Vela, et al. 2010).  
 
In the presented study, Sarnicli Han has been scanned with 
Faro Focus 3D laser scanner. For 3D modelling of Sarnicli 
Han, Geomagic commercial software has been used. Rapidform 
commercial software (trial version) has been used also for 
accuracy analysis and analyzing the data for reduction and 
finding the best set of data. 
 

2. STUDY AREA 
 

Historical Istanbul without any water sources, has always had 
the issue of shortage of water, -both in Roman and Byzantine 
era. Starting with the ancient Greek period, big cisterns are 
known to be built to supply water for the city (Forchheimer, P., 
Strzygowski, J.. 1893). Later, during Roman period also, some 

International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-5/W2, 2013
XXIV International CIPA Symposium, 2 – 6 September 2013, Strasbourg, France

This contribution has been peer-reviewed. The peer-review was conducted on the basis of the abstract. 623



other cisterns were built. One of them is Cistern of Philoxenos 
(Binbirdirek) which dates back to 5th century and is situated 
between the Forum and the Hippodrome of Constantinople. 
Another well known and large cistern is Basilica Cistern. It’s 
known that there were more than 60 various sized cisterns built 
during Byzantine era (Eyice, S. 2013) 
 
Sarnicli Han is on the west of Grand Bazaar in Istanbul in 
Turkey, where Cadircilar Street and Muhurdar Street intersect 
(Block 647, Parcel 30-31) (Figure 1). The building is consisting 
of two underground and two normal floors, as the court being 
the entrance level is about 2 meters above the street level. The 
Cistern is accessed via a two-flight staircase hidden under a 
metal lid on the North-Eastern corner of the court. 
 

 
 
Figure 1. The location of the Sarnicli Han in cadastre map 
 
The Cistern has a square-like plan scheme with sides of 8.0 x 
8.0 x 8.3 x 9.8 meters and height of 7.10 meters from ground to 
the keystone of dome. 3 corners of the inner walls being 
hydraulic plastered (Figure 2) below the arches are chamfered; 
and the fourth corner protruding outwards has an oval shape. On 
6 of the 10 domes that form the topmost structure, there are 
cylindrical ventilation shafts that may also be used for access to 
take out water from above. Brick masonry can easily be 
observed on the non-plastered upper part of the construction, 
starting with the arches (Figure 3). The thick layer of mortar 
observed between thick bricks in arches and pendentives tells us 
that these parts are made up with “concealed brick laying 
technique”. There are stripes on grouts which are made with a 
trowel. It’s known that this brick laying technique was used 
between 11th and 12th centuries. Thus, it is reasonable to address 
the Cistern to Middle Byzantine Period. Probably the Cistern 
was under another structure during the Byzantine Period, hence 
it can be said that there may be traces of other ruins around. 
Possibly alterations to walls were made by applying cement 
based mortar on time of the reconstruction of the han. The 
Cistern, situated within Block 647/Parcel 31 is listed as a 
“cultural heritage to be preserved” by the order of “1st 
Committee of Conservation of Cultural and Natural Heritage of 
Istanbul” dated 19.04.1988 and issued 297. 

 

Figure 2. Hydraulic plastered walls of the cistern 

 

Figure 3. Brick masonry of the arches supporting domes 
 
Sarnicli Han is situated in is called “Region of Hans” that 
consists of 8 hans and additional independent parcels around 
these; and they carry too much importance with their relation to 
Grand Bazaar, being connected economically and physically. 
As we know that the Grand Bazaar is always mentioned as the 
first shopping mall of history, these hans are the places that 
enclose shops, stores, ateliers, workshops, warehouses and 
accommodation that support and supply to Grand Bazaar. Both 
the Region of Hans and Grand Bazaar are functionally 
permanent areas of traditional economy and trade through 
human history. 

3. MATERIAL AND METHOD 

The cistern has been scanned with Faro Focus 3D laser scanner. 
The instrument distributes the laser beam at a vertical range of 
3050 and a horizontal range of 3600. The measurement rate is up 
to 976,000 points per second. Distance accuracy is up to +/-2 
mm, its range is between 0.6 m and 120 m in daylight and it 
reaches up to 153 m in closed areas. 

In the presented study, 536 million points have been recorded. 
The study has three main processing steps which are 
measurement of ground control points by geodetic survey, geo-
referencing of scanned patches and modelling of the monument. 
The general workflow has been given in Figure 4 and the 
scanning plan has been given in Figure 5. 
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Figure 4. General workflow data processing 
 

 

Figure 5. Scanning plan of the cistern 
 
The scanning has been realized from fifteen stations. Ten of 
them were inside stations and used to scan walls and ten domes, 
three of them were at the entrance and last five stations were 
used to scan stairs.  The cistern has ten domes therefore the 
scanning process was made from ten stations.  By using ground 
control points which have been placed on the exterior walls of 
the cistern, point clouds have been registered to the ground 
coordinate system. The scanning distance was 10 meters; the 
footprint size had a 3 mm diameter. The modelling result is 
given in Figure 6.  

 
 
Figure 6. Reconstructed 3D model of the cistern 
 
Due to density of the point cloud, processing can be time 
consuming as well as it was in the presented study. But medium 
density point cloud may not be such difficult (Wand et al., 
2008). If 536 million points of point cloud is taken into 
consideration, it can be apparently found out that their 

processing takes a lot of time (Roca-Pardiñas, et al., 
2008).Therefore, point clouds have to be filtered before 
modelling. Filtering is necessary not only for reduction of 
points, but also for noise reduction. In the presented study, in 
the first step the level of filtering has been researched. 
Therefore, the original point cloud data has been filtered 25%, 
50% and 75%; and mesh smoothing has been researched to find 
accurate and efficient set of data. 

After filtering operation, mesh models have been created for 
each filtered point cloud data set. Again, each mesh models 
have been smoothed in the minimum, medium and maximum 
level.  There are several methods for surface reconstruction. 
One of them is B-spline (NURBS) curves, which is used 
commonly because of their accurate approaching for surface 
reconstruction (Sun, et al, 2001). Delaunay triangulation method 
is also a favourite method (Gao, vd. 2012) for many commercial 
types of software such as “Geomagic” and “Rapidform” which 
were used in the presented study. Mesh quality affects the 
accuracy of the result. The Voronoi/Delaunay approach is used 
due to its strong capability. However, the created mesh should 
be smoothed after applying mesh generation methods to reduce 
noise and mesh errors (Vartziotis, vd., 2013). In the presented 
study, reference mesh model has been created from original 
point cloud data first(Figure 7). Than minimum, medium and 
maximum smoothed mesh models from 25% filtered point 
cloud, from 50% filtered point cloud and from 75% filtered 
point cloud have been created. The medium smoothing results 
for 25% , 50% and 75% filtered point clouds have been given in 
Figure 8-a,b,c. 

 

Figure 7. The mesh model from original point cloud data 
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Figure 8-a. Medium mesh models from 25% filtered point cloud 

 

Figure 8-b. Medium mesh models from 50% filtered point cloud 

 

Figure 8-c. Medium mesh models from 75% filtered point cloud 
 
Due to complexity and type of material of the Sarnicli Han, 
some holes appeared after scanning. The holes have been filled 
and evaluated for each filtering and related mesh smoothing 
level. In the presented study, the holes have been filled for 
meshes which have been created from 25%, 50% and 75% 
filtered point cloud data and smoothed minimum, medium and 
maximum. For hole filling, linear and curvative methods have 
been used. The curvative hole filling results for 25% filtered 
point cloud and medium smoothed mesh, 50% filtered point 
cloud and medium smoothed mesh and 75% filtered point cloud 
and maximum smoothed mesh have been presented in Figure 9-
a,b,c. 
 

 
 
Figure 9-a. 25% filtered point cloud and medium smoothed 
mesh 
 

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

 
 
Figure 9-c. 75% filtered point cloud and maximum smoothed 
mesh 
 

4. RESULTS AND DISCUSSION 

Sarnicli Han, being a reconstructed version of its authentic 
predecessor which was a 19th century building, has lost its 
significance over years by means of architecture and art history. 
The building which stands today is only a concrete half-replica 
of the original one, having lost almost all of its architectural 
characteristics. When speaking about the building itself, it can 
be argued about two things that have been remained intact: the 
function of the building and the cistern underneath. Thus, the 
cistern comes into the picture, as the oldest structure that has 
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survived almost a thousand years, with its authentic 
workmanship, almost intact materials and texture that gives you 
the feeling of travelling through ages. Of course, compared to 
other great cisterns of Istanbul that supplied water to thousands 
of people; this one is yet small, but is a very rare example of 
this size cisterns with this quality. 

The restricted maneuver area and difficult working conditions 
such as; lack of fresh air, darkness, difficulty to stay for a long 
time period because of  bad odor and harmful gases, the certain 
level of water in the cistern and difficulties to discharge it, thick 
layer of mud covering the floor, limited the number of scanning 
stations. Therefore some of the scans resulted with uncovered 
areas. By the help of the 3D scanner that was positioned and 
stabilized on proper points, the scanned data was integrated with 
high-resolution photographs and control measurements made 
with total-station, handheld laser distance-meter and simple tape 
measures. At the end, an almost perfect and accurate model of 
the cistern was obtained. 
 
It can be said that the presented study can be considered as one 
of the most appropriate proofs of effective use of terrestrial laser 
scanning technology. If the position of the cistern, illumination 
conditions and difficulty of access to the cistern is taken into 
consideration, it can easily be seen that it is impossible to 
document and model this monument with the help of any other 
techniques (Figure 10-a,b). 

 

Figure 10-a. Working conditions inside the cistern 

 

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

The results of filtering and smoothing steps have been 
evaluated. For this, 30 reference control points on the mesh 
from original point cloud have been measured. These points 

have been compared with the measurements on the minimum, 
medium and maximum smoothed meshes from %25 filtered 
point cloud data, %50 filtered point cloud data and %75 filtered 
point cloud data. The results have been presented in Table 1. 

As it can be seen in Table 1, maximum difference between the 
original mesh and smoothed meshes created from filtered point 
cloud data is 1.82 mm.  This difference is between original 
mesh and maximum smoothed mesh from %75 filtered point 
cloud data. If the results have been interpreted, it can be seen 
that % 50 filtered and medium smoothed mesh data is available 
and acceptable for reconstruction of Sarnicli Han. Thus, 
processing time can be reduced dramatically without 
meaningful data loose. But this result is limited with this 
presented study only. Different objects have to be processed and 
analyzed to generalize obtained results from this study. The 
cistern which represents very good living example of its period 
has been modelled in 3D by using terrestrial laser scanning 
technology. The experience obtained from this study was not 
only about using this technology in difficult circumstances, but 
also about the methods to be followed in.  We are planning to 
develop efficient algorithms for integration of laser scanning 
results with point clouds collected with photogrammetric 
method; to enhance hole filling results, by merging point cloud 
data -which are created from both TLS and photogrammetric 
methods-. 
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Table 1. Analyzing results of mesh models from different levels 
of filtering 
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