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Abstract The caravanserai of Riistem Pasha (Istanbul), also known as Kursunlu Han, is in the district
of Karakiy, formerly the district of Galata. Built in the 15005 above the ruins of St. Michael church, it
was a resting place for caravans. Today, the cells which face the inner courtyard house hardware shops
and ateliers, while from the outside the building is almost hidden from view due o the presence of new
urban agglomerations built all along its borders. In this research, the procedures for the quite complex
digital survey of the caravanserai, integrating different parts from 3D laser scanner and photogrammetry,
annotations and direct reconstructions will be presented and explained. Due to the difficulties raised from
limited accessibility imposed by the property to the laser-scanner unit and from the spaces used for market
purposes, an accurate system of photogrammetry was operated to complete the coverage and documenta-
tion of such spaces, integrating the data using state-of-the-art software to fulfil the task. Thanks to the
integration of the information collected, metric, morphological and material data have been obtained
providing an overall 3D image of this hidden architecture.
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1. INTRODUCTION

The aim of this research paper is to explain the operations of surveying, documenting and analysing
complex buildings located in a very articulated and densely populated urban texture through an
example from Istanbul. The Riistemn Pasha Caravanserai, which is the subject of this study, has
been documented with the help of 3D laser scanning and photogrammetric methods, during the
International Urban Design Workshop 2019, Urban Fagade: Istanbul Waterfront, realized between
23-30 March 2019 in Istanbul. The workshop focused on the architectural survey and redesign of
Galata waterfront in Istanbul. The digital survey techniques are used in order to document some
remaining of old city walls, urban blocks defining the waterfront and a few single buildings other
than the caravanserai, such as Yahya Aga Fountain from 1732 and small abandoned buildings from
early 19th century.

1.1. The Galata neighbourhood

Galata Riistem Pasha Caravanserai, also known as Kursunlu Han is an inner-city caravanserai
located in Istanbul, Beyoglu District, Arab Cami Quarter. Galata, which was a busy commercial
port until the 18th century, had two important markets in this period. One of these markets was
the Tuesday market, which was established on Tuesdays in Tophane, and the other one was the
market established Thursdays in Persembe Pazari Street. In the 19th century, the region was still a
revitalized commercial centre. Its position as a trade area and its relationship with the port provided
Galata with the continuity of its function. Trade-intensive activities concentrated in Galata have
led to the intensification of khan, commercial buildings, passages, warehouses, offices and shops.
Especially in the second half of the 19th century, Galata underwent a rapid urban change parallel
to the westernization process that took place in social, political and technical infrastructures. The
wooden urban fabric, which was destroyed after two successive fires in the second half of the 19th
century, was replaced by masonry. The new urbanization services in Istanbul, which is in the process
of renewal from the Tanzimat Reform Era, were first applied in Galata. In particular, the Sixth
District Municipality, which was established in 1857, was able to implement the rules of the Ebniye
Ordinances as much as possible and to carry out a new urban order by Galata and Pera. Those were
some applications that would change the urban fabric, such as the arrangement of the streets within
the municipality boundaries, levelling of sewers and waterways, and the widespread use of masonry.
In this period, when the Genoese structures were completely destroyed - except for the walls, a few
houses and the building where Voyvoda resided - Galata houses were also destroyed in order to
open the two main axes along the Galata parallel to the sea. The practices of the municipality were
also influential in the immediate vicinity of Kursunlu Han. In 1859 construction has begun on the
widening of Yorgancilar Street, the main road connecting Galata to Tophane and today known
as Tersane Street (Fig.1). In 1865 the destruction of Galata walls was finished and in 1868 the
Eski Balik Pazart Pier was reconstructed. [1] The architectural, cultural and social structure of the
district has changed with the development plans implemented between 1955-1960. In this period,
the maritime trade lost its importance, the banking sector moved to Levent-Maslak Region, while
the financial and commercial sector in Galata maintained its existence but the intensity of its use
decreased. Today, a transformation is taking place in Karakéy and the effect of Galataport Project
is great. Due to Galataport, many listed and not listed buildings are turned into hotels for tourists
who are expected to come to the region.
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Thanks to physical traces such as city walls remaining, the narrow streets and the old functions saw
in the street names the connection of the neighbourhood with the past kept alive.

Sy MR

Figure 1. Goad insurance maps (1905) showing the building with its vicinity [4]

2. THE CARAVANSERAI

The Riistemn Pasha Caravanserai consists of two main floors with rooms open to a porticoed inner courtyard.
The caravanserai is thought to be built above the ruins of a prior church, St. Michele (disappeared between
1544-1550), in the second half of the 16th century. [2] In the Wagfregisters of Riistem Pasha dating back
to 1561, it is mentioned about a caravanserai named Kursunlu Han in Galata.[3] So the building should
be constructed between 1550-1561. Since Architect Sinan built most of the buildings belonging to the
Riistem Pasha Wiagf, this caravanserai could be one of his works. The axis of the building is east-west, with
the main entrances on the east and west fagades. Today, the east entrance, which is from Kardesim streer,
the former Eski Balik Pazar street, is the only entrance to the building, The west entrance is blocked
by adjacent buildings. The north and south sides of the plot are also defined by adjacent buildings and
remaining of city walls in a southwest direction. The building is constructed on a rectangular plot and
the two-storey rooms around the courtyard follow the outline of the plot. The two-storey porticoes
surrounding all the perimeter of the courtyard are covered by brick cross vaults. On the ground floor,
there are thirty rooms, each covered by a brick barrel vault. The stairs situated in the courtyard provides
access to the first floor. The current position and composition of the stairs can be observed in Goad maps
and in photographs of the 1950s too (Fig.2). On the first floor, there are thirty rooms and a space used
as a toilet, covered with brick barrel vaults. The load-bearing system is composed of alternating walls and
limestone piers bearing the brick arches. The first-floor porticoes are connected to the masonry walls of
the rooms by iron tie rods. Segmental arches are used over doors, round arches for ground floor porticoes
and Tudor arches for first-floor porticoes.
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Figure 2. A picture from Ali Saim Ulgen archive taken from east [5]

Six-sided bricks are used for pavements and cornices are finished with dog-toothed brick patterns.
On top of the rooms at the southwest corner, on the central room of the south fagade and on
the four rooms of the north fagade through east, there are one more storey high gable-roofed
volumes. Those on the western corner are closed due to the danger of collapse (Fig.3). Today the
building suffers from several damages mostly due to extrinsic causes: long term natural causes and
activities of users. Efflorescence, plants growth, the formation of structural cracks and fissures and
surface erosion caused by natural events are common deformations seen in architectural materials
and elements. Deteriorations caused by inappropriate usage of rooms (heavy manufacturing,
warehouses, hardware shops, etc.), bad repair with cement-based materials, the addition of extra
spaces with material and design of poor quality caused the building to lose its original appearance.

Figure 3. Pictures showing the upper volumes and the courtyard of the caravanserai, March 2019
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3. THE SURVEY

The documentation project of the Kursunlu Han caravanserai was performed with different
methodologies, integrating direct annotation on-site and digital survey technologies. The survey
activities were organized in three phases: the site inspection, the laser scanner survey and the
photographic survey.

In the first step the survey team noted down, through annotations and frechand sketches, the
qualities and approximate dimensions of the caravanserai (Fig. 4). In this phase taking photos and
measurement was necessary to fully understand the constructive characteristics and the masonry
composition. This first step was useful to highlight the peculiarity of the building and to organize
the following activities, according to the available time and the aim of the survey.

The integrated digital survey, carried out with laser scanner and photography, has allowed
documenting such an articulated building efficiently and accurately. The data obtained from the
laser scanner survey, performed along the caravanserai external perimeter and in the inner courtyard
at ground floor level, were integrated with SfM-acquired data of the porticoes at ground and first-
floor level. Because of access restrictions imposed by the property, it was not possible to enter the
inner spaces of the markets with the laser-scanner.

The different data were processed and integrated to provide an overall 3D image of this architecture
with metric, morphological and material information. The realization of a three-dimensional survey
has also the goal to analyze the architecture and its development, in order to better understand and
recreate the traces of the transformation that affected the building and the surrounding area during

the past years [6].

il sb 4 dur ;u.j{-u.g
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Figure 4. Sketches of the caravanserai courtyard and the urban block facades made by students

3.1. Laser scanner

The laser scanner survey was planned to obtain complete documentation of the external and internal
fagades of the caravanserai, including the perimeter of the urban block that encloses it. The aim
of this research was not only to analyze the architecture but also to describe how the caravanserai
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blends in the surrounding environment and in the urban fabric of the Galata waterfront.

The survey activities were organized in two working days: the first focused on the study of the urban
block fagades and the second one on the inner courtyard of the caravanserai. The instrument used
by the survey team was the Leica ScanStation C10, a pulsed scanner with a range of 300 meters
of acquisition. The integrated camera allows the acquisition of high-resolution pictures, through
which the laser-scanner operates a texture mapping on scans, providing with a reliable metric and
chromatic data. To acquire data of the perimeter of the urban block 42 scans were made, about
10 meters apart from each other. The scanning of the whole urban block allowed documenting
all the facades of the buildings that incorporate the caravanserai and to identify and measure the
small portions of the Han original walls that can be seen from the outside. The inner courtyard of
the caravanserai was acquired with 10 scans, performed at ground floor level and over the central
staircase. The lack of laser scanner data on the first floor, caused by the mentioned authorization
problems, was later integrated through SfM acquisition.

The acquired scans were processed and registered in a single coordinate system with Autodesk -
ReCap, obtaining a coloured and high-density point cloud of the entire area (Fig. 5).

Figure 5. Perspective view of the point cloud from the 3D laser scanner survey

3.2. Photographic survey

The photographic survey consisted of photographic documentation of the building and a
photographic data acquisition with Structure from Motion (SEM) technique. The survey team used
four digital cameras: a Nikon D800OE mounting a 24-120mm lens and a Nikon D3200, a Nikon
D3100 and a Canon EOS 500D mounting 18-55mm lenses. The photographic documentation
needed no particular settings, while for the SfM technique the operators employed the minimum
focal length and kept ISO sensitivity as low as possible, F-stop value as high as possible and exposure
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time as quick as possible, in accordance with lighting conditions, in order to obtain noise-free, in
focus and not blurred images.

Before data processing, all the photos have been catalogued and organized in different folders,
depending on the portion of the building they relate to.

The photographic documentation was useful to get some framework pictures of the caravanserai,
from the streets outside, from the inside courtyard and from the accessible part of the roof. Closer
pictures were taken for the interesting morphological details such as additions, spolia, signs of
superficial decay, aimed at masonry analysis. Where appropriate, a measuring tape was used in the
photos for scale (Fig. 6).

Structure from Motion is a technique that allows getting a 3D model out of extrapolated points
from 2D images that have a certain overlapping. The photos acquired for this purpose were
processed with the software Capturing Reality — RealityCapture, achieving a 3D point cloud and
a 3D textured mesh. SfM was used to obtain digital data of the caravanserai external fagades and
inner courtyard. The cross-vaulted portico on the first floor of the courtyard lacked laser-scanner
acquired data because the shops’ owners did not allow the survey team to work there. The SfM data
were therefore useful to integrate laser-scanner acquired data and to add further information about
the building, e.g. for the parts that were barely visible from the scanner or hidden by the presence
of the stacked up furniture (Fig. 7).

Figure 6. Pictures of the addition over the staircase and two spolia found in the caravanserai courtyard
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Figure 7. 3D point cloud from SfM technique, elaborated with Reality Capture

1.1. 3.3 Data integration and output

The 3D point cloud obtained from the laser-scanner survey was exported from Autodesk - ReCap
in order to be imported in Capturing Reality - RealityCapture and be aligned to the 3D mesh
obtained with SfM technique. In doing so, a complete model of the caravanserai has been achieved
[7].

The 3D model features some flaws in colouring and some gaps. The first problem is caused by
the differences between the colour data of the laser-scanner acquired pictures and those of the
photographs (e.g. different white balance adjustments). The second problem is due to unsurveyable
regions, like walls and floors covered in furniture and some parts of the building roof. If needed, the
current data can be updated and integrated in the future with new survey operations.

The 3D model can be processed and elaborated with specific software such as Autodesk - Autocad
and Adobe - Photoshop to create two-dimensional drawings of the caravanserai like cross-sections,
plans, photomaps. Any possible gaps can be filled in with post-production operations. A 3D
visualization software can be used to obtain renders and virtual navigation of the building.

4. CRITICAL COMMENT

The survey and documentation of the Riistem Pasha caravanserai are intended to learn about
the building, not only from an architectural, metric and superficial standpoint but also from a
critical perspective. Making a critical comment on the architectural layout can lead to speculate
about the caravanserai evolution and building phases. These hypotheses integrate into the existing
documentary sources (e.g. Notary Archives, Wagf registers, old traditional surveys...) and find
confirmation in them. It may be appropriate to test these hypotheses by doing specific structural
and stratigraphic analysis in the future.

This case study features poor historical documentation, especially about the recent transformations.
Currently, the Han maintains its storing and commercial functions, but not its housing function.
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The available spaces are divided differently compared to the original two-storey building with
porticoed inner courtyard: extra rooms were created inside the portico at ground floor level with
dividing walls, an addition was built over the central staircase (Fig. 6). This appears evident because
of the differences between the original building materials and the additions ones (e.g. cement-based
materials) and because of the toothings of the adjoining walls.

Observing the caravanserai plan (Fig. 8) it is possible to see how the building is integrated into the
urban fabric: one of the central questions concerns the irregular architectural layout. Compared to
other Architect Sinan caravanserais and buildings [8, 9] Kursunlu Han plan appears irregular, with
a trapezoidal shape.

Figure 8. 3D point cloud of the caravanserai inside the urban context of the Galata waterfront

This could mean that when the caravanserai was built there were already some constructed
constraints: the southern one could have been imposed by the presence of the Galata Walls [10],
near the current Fermeneciler Cd. Regarding the northern constraint, it may be assumed that it was
imposed by the presence of a street (no longer visible) or by the gable-roofed volume close to the
caravanserai north fagade (Fig. 9).

Against the last hypothesis stands the fact that the gable-roofed volume southern wall is not aligned
to the underlying caravanserai wall. This suggests that the gable-roofed volume was built after the
caravanserai (Fig. 10).

There are documenting sources from the XIV-XV-XVI centuries (e.g. notary acts, expense registries,
wagqf, Ottoman miniatures) [10, 11] where it is testified the existence of San Michele cathedral.
This cathedral is supposed to have occupied the same block as the caravanserai until its demolition
before 1550. No parts of the Han could be attributed to the former church, but there are some
spolia documented inside the caravanserai that might belong to earlier buildings (Fig. 11).
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Figure 10. The caravanserai cross section.
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Figure 11. A capitol used as a fountain base

5. CONCLUSIONS

The survey and documentation process operated in Kursunlu Han establishes its current situation
with a reliable measuring system and can be compared with future surveys to provide an efficient
monitoring instrument. Using both laser-scanner acquired data and photography-acquired ones
allows to obtain an accurate database. These existing data can be easily updated and integrated with
further ones acquired in the future, e.g. with another similar survey process or with quick survey
methods like SfM from UAVs.

This work is aimed at providing a support tool for critical analyses (about masonry, structures,
dating, morphology, conservation status, changes of use, building transformations,...) and historical
studies, supplying information that cannot be deduced from written sources.

The integrated digital survey process is also interesting for the outcomes linked to remote accessibility:
a texturised 3D model can be used to grant remote visits to not accessible buildings or to buildings
with architectural barriers (e.g. via virtual tour), it can be 3D-printed and used by blind people, or
it can serve as the basis for educational videogames.
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