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ABSTRACT

Mugarnases, which are one of the most significant building elements brought in the architecture by
Islam art, are three dimensional and complex geometrical compositions that are made with prismatic
elements constituted with specific rules in specific combinations, with both ornamental, bearing fea-
tures. Therefore, the surveys of mugarnases require a long, fragile, dangerous and difficult process. At
that point, photogrammetry works come in and make the process of survey short, free of danger and
mistakes as a useful application. Digital close range photogrammetry is one of the most active and
efficient methods among the works to protect and document the cultural heritage by the means of the
improvements of digital technology. Within the scope of this study, the surveys of the muqarnases in
the portals of the Anatolian Madrasahs in Konya, Karaman and Aksaray in Central Anatolia Region
were obtained with the use digital close range photogrammetry technique and 3D documentation
works were made. With the 3D works, morphological features and differences of the muqarnases
were determined. It was aimed to contribute to works to protect and document Konya Karatay Mad-
rasah, Karaman Hatuniye Madrasah and Aksaray Zinciriye Madrasah.
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1. INTRODUCTION

Securing the cultural heritage in the name of
maintaining the sustainability with the care to keep
the cultural values coming from the past alive and
hand them down to the next generations is defined
as conservation phenomenon (Anonymous 2000).
The conservation concept is defined in World Herit-
age Treaty as “to understand the cultural heritage de-
fined by monuments, building grups and sites; maintain
the preservation of its material and if necessary use all
methods to promote, to restore and to improve” [URL 1].
The first and one of the most important phases in the
process of the conservation and restoration of histor-
ical and cultural heritage is undoubtfully to docu-
ment and to archive these artworks sensitively and
reliably. Both traditional and innovative methods are
currently used in documentation studies to maintain
these artworks, to have successful conservation ap-
plications and to hand them down to next genera-
tions. In this context In ICCROM (International Cen-
tre for the Conservation and Restoration Of Monu-
ment), ICOMOS (International Council for Monu-
ments and Sites), CIPA (International Committee for
Architectural Photogrammetry), ISPRS ( Internation-
al Society for Photogrammetry and Remote Sensing)
and UIA ( International Union af Architects) which
were all founded by UNESCO ( United Nations Ed-
ucational, Scientific and Cultural Organization) are
quite efficient international organizations in the area
of cultural heritage conservation. These instutions
and organizations emphasize the conservation of the
cultural heritage, the conservation with scientific
methods and the use of all the opportunities offered
by technology in the documentation works. This
brings the need to develop new methods and tools
for the studies for determination and documentation
of the cultural entities depending on technological
improvements. Executing documentation and de-
termination studies in the light of scientific truths
will be possible only when the current situation of
the architectural building(s), to be conserved, are
determined with sensitive measurements and their
surveys are made (Keles 2010). The significance of
the advanced technology in documentation studies
increased as the traditional methods used in surveys
are slow, unsensitive and they provide limited data
about the artworks.

Digital close range photogrammetry technique,
which is one of the advanced technological methods,
is a method that has been used for the documenta-
tion of historical and cultural heritage, archeological
measurements and the documentation of historical
artworks for years (Pefia-Villasenin, Gil-Docampo
and Ortiz-Sanz 2017). In literature, when the studies
on conservation and documentation of historical and

cultural artworks are examined (Arias et al. 2006;
Yilmaz, Yakar and Yildiz 2008; Uslu et al. 2016;
Zaitceva et al. 2016; Altuntas et al 2014, 2017), recent-
ly 3D methods to obtain numerical data (Yastikli
2007; Salonia et al. 2009; Ordonez et al. 2010; Riveiro
et al. 2011; Barazzetti et al. 2011; Chiabrando et al.
2011; Sahin et al. 2012; Zlot et el. 2014; Quagliarini et
al. 2017; Georgopoulos 2016; Salama et al. 2017) are
observed to be frequently used.

The muqarnases which are special to Islamic art,
were studied by mathematician Al-Kashi in 1400s
(Dold-Samplonius and Harmsen 2005) and the
mugqarnas cells, the geometries forming the cells and
their proportions were determined. Later on, for
mugarnases in Anatolia, the geometrical schemes in
the formation of the mugarnases were examined
(Odekan, 1977), mugarnas components were defined
with angles and (Hamsen 2006). Therefore, the sur-
veys of muqgarnases require a long, fragile, danger-
ous and difficult process. The mugarnas documenta-
tion studies for which advanced technological meth-
ods are used were made as the analytical evaluations
on two dimensional traditional drawings and three
dimensional models by simplifying the complex ge-
ometry with digital technology (Garofalo 2010;
Gherardini and Leali 2016; Dold-Samplonius and
Hamsen 2005). In some other muqgarnas documenta-
tion studies, only the advantages and disadvantages
of the terrestrial photogrammetry method and tradi-
tional method in technical drawings were exposed
(Yakar et al., 2009)

The main research goal of this article is to evaluate
the documentation works of the muqarnases, special
to Islamic architecture; in portals of Anatolian Mad-
rasahs those have both ornamention and bearing
features and complex geometrical structure by digi-
tal close range photogrammetry, which is a revolu-
tionary method with its computerized graphic
equipment, 3D modelling codes and skills of three
dimensional scanning. In addition to other studies,
the aim of the study in terms of digital close-range
photogrammetry is to determine morphological fea-
tures of muqgarnases in portals of Anatolian madras-
ahs with similar architectural features in Konya, Ka-
raman and Aksaray and 3D documentation of their
geometrical structures. In the direction of this pur-
pose, the morphological similarities and differences
of Anatolian muqarnases are presented, along with
their 3D documentation works.

Along this aim, the muqgarnases in portals of 3
Anatolian Madrasahs are modelled by using digital
close range photogrammetry and the usage areas of
method are depicted.
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2. THE SITES AND METHODS

Photogrammetry is a technique that determines
the dimension, shape and location of an object in
three-dimensional space by photos without any
physical contact it. Digital close range photogram-
metry, on the other hand, is one of most common
methods that are recently used among the works of
modeling the cultural heritage in 3D numerical data
form and its documentation. Especially, the prob-
lems such as that the documentation works of big
architectural buildings and their complex details
with traditional methods is quite time-consuming
and exhausting and that it is sometimes impossible
to reach the object directly have made the method of
digital close range photogrammetry popular
(Pierdicca et al. 2016). Accordingly, with the use of
digital close range photogrammetry in architectural
survey works, the field works that require so much
time and effort in traditional architectural survey
works have been made easier. Digital close range
photogrammetric measurement and evaluation has
made it possible to document the building elements

which are hard to reach and dangerous like
mugqarnases by 3D modeling with the help of image
pairs taken from different angles and epipolar ge-
ometry which is the geometry of stereo view.
The digital close range photogrammetry works
are general done in the steps explained below:
1. Planning survey
2. Camera calibration
3. Setup geodetical network to measure the
ground control points on the object
Acquire images
5. Process images/Triangulated and orient im-
ages
6. Deliverables/stereo model, textures,
thoimages, object/surface models in CAD

-

or-

2.1. The study area and equipments

The cities of Konya, Karaman and Aksaray are lo-
cated in Central Anatolian Region. The city of Kon-
ya, which used to be the capital city of Anatolian
Seljuk Empire, and the neighbor cities Karaman and
Aksaray host Anatolian Madrasahs as important
artworks from that era.

Georgia s

Figure 1. Study Areas (Google Maps)

A series of photogrammetric measurements were
made for the works to determine the morphological
features of muqarnases in the portals of the subject
artworks and for 3D modeling and documentation of
their geometrical structures. The most important
equipment for the photogrammetric measurements
is camera. Even though, it is recommended to use
metrical cameras with high resolution especially for
photogrammetric works, the high costs of these
cameras have directed the users to the non-metrical
cameras for digital close-range photogrammetry ap-
plications.

In the study, Nikon D3100 digital camera with
14.8 megapixels (4608*3072) resolution and Canon
Eos Rebel T3 digital camera with 18 megapixels
(5184*3456) resolution were used.

In order to access the 3D coordinate information
of the objects from the image pairs, the external ori-
entation parameter of stereo images and scale factor
between object and image coordinate spaces must be
known (Ordonez et al. 2010). Exterior orientation
elements are the position and rotation of the camera
at the moment of exposure. Whereas (Xo, Yo, Zo) of
orientation elements, composed of 6 parameters, re-
fer to the central projection coordinates according to
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the ground coordinate system, (w,p,x) signify the
rotation parameters between ground coordinate sys-
tem and image coordinate system.

Ground control points, which helps the connec-
tion between image coordinate system and ground
coordinate system to be established, is needed to
find out these parameters. These points are deter-
mined by reference the ground coordinate system in
terrestrial photogrammetry. Direction and distance
measurements are made by establishing points
around the object to define the ground coordinate
system. So, that the control points used to solve the
unknowns are defined in the referenced coordinate
system. Laser total stations that allow for measure-
ments without reflectors are used to make detailed
measurements especially in the situations where it is
impossible to establish points on the surface of the
object. In the study, Topcon 3007 Total Station,
which can make reflectorless distance measurement,
was used instead of targets because of both the diffi-
culty of establishing control points on the artworks
and the aim of avoiding any kind of damage.

2.2. System calibration

Digital close-range photogrammetry is a central
projection and uses collinearity equations to calcu-
late object coordinates from known image coordi-

nates. The cameras used in digital photogrammetric
applications are metric cameras to ensure the rule of
central projection. In metric cameras, the center of
projection, camera focus distance and position of the
principal point are known. These parameters that
determine the metric features of the camera are
known as interior orientation elements and present-
ed to users as a report determined by camera calibra-
tion process. The cameras, interior orientation ele-
ments of which are unknown, are non-metric camer-
as. Non-metric cameras are mostly used for digital
close-range photogrammetry applications because of
their low costs. The calibration of these cameras is
realized by using a simple test pattern. The test pat-
tern is a plane consists of grids. The camera parame-
ter are determined with camera calibration process
taking a few convergent pictures of the calibration
test pattern from different positions, angles and
bundle adjustment of the rays of the points on the
grid plane. In this study, the muqarnases in the por-
tals of Anatolian Madrasahs were photographed by
using Nikon D3100 and Canon Eos Rebel T3i digital
cameras. The calibrations of the cameras were made
by using the camera calibration module of Photo-
modeler Pro5 with 8-12 photos taken from different
angels and locations of grid plane (Table 1).

Table 1. Camera calibration parameter for Nikon D3100 and Canon Eos Rebel T3i

Nikon D3100 Canon Eos Rebel T3i
Focal lenght 18.4091 18.9313
Principal point (12.0323, 7.9026) mm (11.3858,7.5283) mm
Sensor format (24.0062, 16.000) mm (25.6768,15.1130)mm
Distortion parameter : K1 0.00008012000 0.0004848000
Distortion parameter : K2 -0.00000007998 -0.0000008241
Distortion parameter : P1 -0.00377200000 -0.0001257000
Distortion parameter : P2 -0.00001665000 0.0001442000

2.3. Data acquisition

For 3D modeling studies by terrestrial photo-
grammetry, a well-planned geodesic network should
be set up and image capture operation should be
done. In the study, fixed ground points were setup
in the position to see each other clearly around the
artworks, photogrammetric measurements and
evaluations of which were to be made. Fixed ground
points were measured with Topcon GPT 3007 reflec-
torless total station. Some of the pictures of the object
were printed out, hard-edged points were marked
on these pictures and, the coordinates of these points
were measured with the total station device installed
on the fixed ground points based on the land. It was
paid to attention to distribute control points, that
would be used in photogrammetric evaluation, on
the artworks homogenously and determine them
easily via the photographs.

The convergent images of the artworks in the
study were taken with overlapped taking into ac-
count the fact that every detail point determined and
measured on the artworks appears in at least three
pictures.

2.4. 3D Modelling

The photogrammetric evaluation and 3D model-
ling of the artworks were made with Photomodeler
software. A different project was created for each
artwork. The pictures of the artworks, interior orien-
tation elements, meaning camera calibration parame-
ters, and the coordinates of ground control points
were transferred to the program for the evaluation
process. And then, images were connected to each
other with the operation called relative orientation
step. The bundle block adjustment was made with
the help of the ground control points and relation
between image coordinate system and ground coor-
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dinate system was made by resolving the location of
the camera and orientation elements during expo-
sure. As a result, of the adjustment, root mean
square error of Karatay Madrasah Portal Muqgarnas
project is 4.10 pixels for Karaman Hatuniye Madras-
ah Portal Muqarnas project is 3.12 pixels; for
Aksaray Zinciriye Madrasah Portal Muqarnas pro-
ject is 3.58 pixels. As a result, of these values, 3D
drawings of the artworks were made in Photo-
modeler software and plan plane was obtained in
accordance with these drawings. Besides, the adjust-
ed plan planes of the artworks were made by mak-
ing use of the current information of the object (Ta-
ble 2, Table 3 and Table 4).

3. 3D DOCUMENTATION OF PORTAL
MUQARNASES IN ANATOLIAN
MADRASAHS WITH DIGITAL CLOSE-
RANGE PHOTOGRAMMETRIC
METHOD

While the etymology of the word “mugqarnas” is
not know for sure, it is stated as a architectural ele-
ment developed in Syria towards the end of 8th cen-
tury, in Iran in 9% century (Garofalo 2010) and in
North Africa in 10% century, along with Iran and
Iraq. And it has become one of the prevalent features
of Islamic architecture in Muslim territory since the
11t century (Dold-Samplonius and Harmsen 2005;
Unal 1982).

Mugarnases, which have been developed as an
ornamentation type unique to Islamic architecture, is
a 3D architectural ornamentation element composed
of prismatic elements placed side by side and over-
lapped, projected outside angle by angle and ar-
ranged in a symmetrical order (Odekan 1977; Gara-
falo 2010; Anonymous 2012). In the architecture, it
provides  opportinuties for creating three-
dimensional decorated lines on the wall surface, the

2a. Konya Karatay Madras-
ah Portal

2b. Karaman Hatuniye
Madrasah Portal

transition from one surface to another surface in a
forward or backward plane or from a different geo-
metric shape to another geometric shape (Odekan
1977; Kuban 2006). Its main feature is that it becomes
a 3D modul from two dimensional forms. In each
case, the depth of modul and composition is differ-
ent (Dold-Samplonius and Harmsen 2005). The ele-
ments in muqarnases are coordinated to create both
two dimensional and 3D systems. The shape and
dimension of each element is a modulor design
product made of a unit square (Gherardini and Leali,
2016). Their dimensions and forms could differ in
terms of the geographical region in which they are
located, the period in which they were built, the
building section in which they are applied and the
material which they were made of (Garofalo 2010).

The usage areas of muqarnases, which are fre-
quently used in Anatolian Turkish Architecture, are
quite wide (Odekan 1988). It is observed that
mugqarnases are used in different areas like cornices,
column heads, niches, mihrabs, portals, minaret bal-
conies, the ornamentation of vaults and domes, the
surfaces functioning as transition between wall and
top-cover, corner of streets, tombstones and water
fountains.

Regardless of wherever they are used, the main
principle of a muqgarnas is to make the concave-
return kavsara surface, which narrows at the top,
meets the rectangular plane on the floor and connect
the horizontal and the vertical with a curved surface
(Mtlayim, 1988). While the teeth of early-period
muqarnases are quite big and array-sliced (Ogel,
1987), they reach to the top set by set with hexagon,
octagon and dodecagon cornered stars in following
periods. Especially the muqarnases placed in the
portals, are ornamented with array-sliced grooves,
hexagon and octagon cornered stars, are arranged as
horizontal lines of 7, 9 or 14 (Unal, 1982).

2c. Kayseri Sahabiye

2d.Aksaray Sultanhan:
Madrasah Portal Portal (General Direc-
torate for Foundations

Archive

Figure 2. Examples of muqarnases in portal
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Mugarnases are used as both bearer elements and
ornamentation in kavrasas of portals. It is hard to
reach and measure them as they are building ele-
ments that have prismatic components with different
geometrical schemes and 3D compositions. There-
fore, survey works done by setting wharfs and tak-
ing projections with traditional methods also cause a
lot of complications. Digital close-range photo-

grammetric measurements make it possible to real-
ize too high or too low measurements in the histori-
cal buildings and elements that are hard or danger-
ous to reach. The photographs make it quite easy to
measure the desired parts of the buildings and this
gives opportunity to document muqarnases with 3D
modelling.

Table 2. Karatay Madrasah Portal Mugarnas Survey Work

Three dimensional view of Konya Karatay Madrasah

portal

Karatay Madrasah Portal

Konya Karatay Madrasah muqarnas plan plane

(schematised with the measurements taken from

erdermir 2001 and the measurements from photo-
grammetric data)

Konya Karatay Madrasah muqarnas portal view (Sche-
matised with the measurements taken from Erdermir
2001 and the measurements from photogrammetric data)

Konya Karatay Madrasah muqarnas 3d view as a
result of photogrammetric survey
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3.1. Digital close-range photogrammetric
survey of Karatay Madrasah Portal
Mugarnases

It is understood from inscription placed in
Karatay Madrasah Portal that it was built by
Celaleddin Karatay, one of the statesmen of Anatoli-
an Seljuks, in h-649/g-1251-52. The establishment of
Karatay Madrasah Portal does not adapt to Seljuk
Portal traidition. The effects of the pre-islam regional
architecture are observed in its composition (Erde-
mir 2001). While, muqarnases generally narrow
more and more as they go up and are finished as a
single line in Seljuk Portals, here they are finished as
5 lines side by side. There are seven line muqarnases
on top of eachother in portal (Tuncer 1986). Octangu-
lar stars and octagons are used in the hori-zontal
profiles of stone lines (Odekan 1977)

The survey studies of Portal Muqgarnas in Karatay
Madrasah are obtained by the means of photo-
grammetric method as determined in sections 2.2,
2.3 and 2.4. They are shown in Table 2 together with
the surveys prepared with traditional method.

Konya Karatay Madrasah Portal, which is a 13t
century building, is not located in the middle axis of
the facade unlike the other selected examples. Along
with the stone, marble craftsmanship draws atten-
tion in the portal as well. A different style is ob-
served in the composition of muqarnas. Whereas
mugqarnases narrow more and more as they go up
and are finished in a single line at the top in other
selected examples’ portals, there are 7 lines
mugqarnas series on top of eachother in Karatay
Madrasah portal and are finished 5 lines side by
side. Geometrical units are aligned on diagonals.

3.2. Digital close range photogrammetric
survey of Karaman Hatuniye (Nefise
Sultan) Madrasah portal muqarnas

According to the inscription in its portal, it was
built in the name of Nefise Sultan who was wife to
Karamanoglu Alaaddin Ali Bey and daughter to
Murad I Hiidavengidar (S6zen 1970; Diilgerler 2006;
Konyali 1967) in H 783/ G 1381-1382 1382 (Dogan
2006). While the structure of Karaman Hatuniye
Madrasah portal mostly reflects the features of Sel-
juk period, it is observed that herbal decoration is
intensified in the ornamentation and is dominated
by a different style, quite higher than the surface
(Konyal1 1974). The mugqarnases in the portal on the

facade, are of 14 lines and sliced deeply like a fan,
and shaped as little cells consist of cornered stars
(Kuban 2002). The top is reached by narrowing di-
mensions of rectangle area with using hexagon, hex-
angular stars, octagon, octangular stars in 14 lines of
the muqarnas (Odekan 1977). The last line of the
mugqarnas serie is ended with a half dome.

The survey studies of Portal Muqarnas in Ka-
raman Hatuniye Madrasah are obtained by the
means of photogrammetric method as deter-
mined in chapter 2.2, 2.3 and 2.4. They are
shown in Table 3 together with the surveys
prepared with traditional method.

The portal structure of Karaman Hatuniye Mad-
rasah, a building of 14th century, mainly reflects Sel-
juk Madrasah portal features. The muqarnases of the
portal, located on the middle axis of the facade, are
made of 14 lines and are shaped like little cells con-
sist of deep, fan-shaped slices of angular stars. The
top is reached by narrowing dimensions of rectangle
area with using hexagon, hexangular stars, octagon,
octangular stars in 14 lines of the muqgarnas. The ge-
ometrical shapes on the diagonal are octagon and
octangular stars that are located parallel to portal
wall. The last line of the mugarnas serie is ended
with a half dome.

3.3. Digital close range photogrammetric
survey of Aksaray Zinciriye Madrasah
portal muqarnas

It is accepted that it was made in the time of Siica-
ed-din Mirza Halil (H 738/ G 1337-38), son of Bedr-
iid-din Mahmud, who was one of the rulers of Ka-
ramanogullar1 (Konyali 1974). Anatolian Madrasah
traditions can be seen in the work of Zinciriye mad-
rasah portal. The muqarnasses in the portal are
composed of 9 series and they narrow towards the
peak point. Geometrical shapes consist of twelve
cornered star and dodecagon are used in the hori-
zontal profiles of stone series of Aksaray Zinciriye
Madrasah (Odekan 1977). The last two lines of the
series are finished with half dome.

The survey studies of Portal Muqgarnas in
Aksaray Zinciriye Madrasah are obtained by
the means of photogrammetric method as de-
termined in chapter 2.2, 2.3 and 2.4. They are
shown in Table 4 together with the surveys
prepared with traditional method.
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Table 3. Karaman Hatuniye (Nefise Sultan) Madrasah Portal Muqarnas Survey Work

Karaman Hatuniye (Nefise Sultan) Madrasah Muqarnases
Unadjusted Plan Plane Made With Photogrammetric Sur-
vey

Karaman Hatuniye (Nefise Sultan) Madrasah Por-
tal

Karaman Hatuniye (Nefise Sultan) Madrasah Mugarnas
Plan Plane (Schematised With The Measurements Taken
From General Directorate For Foundations And The
Measurements From Photogrammetric Data)

Karaman Hatuniye (Nefise Sultan) Madrasah Karaman Hatuniye (Nefise Sultan) Madrasah Mugarnas
mugqarnas portal view (Schematised with the 3d View As A Result Of Photogrammetric Survey
measurements taken from General Directorate for
Foundations and the measurements from photo-
grammetric data)

Mediterranean Archaeology and Archaeometry, Vol. 17, No 3, (2017), pp. 137-148



3D DOCUMENTATION OF PORTAL MUQARNASES IN ANATOLIAN MADRASAHS

145

Table 4. Aksaray Zinciriye Madrasah Portal Muqarnas Survey Work

K
WY
:!M A

A\
=

Aksaray Zinciriye Madrasah Mukarnas Plan (schematized
according to the measurements taken from the archives of
General Directorate for Foundations and measurements

from photogrammetric data.)

Aksaray Zinciriye Madrasah Portal Mugarnas
View (Schematized According To The Measure-
ments Taken From The Archives Of General Di-
rectorate For Foundations And Measurements
From Photogrammetric Data)

Aksaray Zinciriye Madrasah Portal Mugarnas 3 D View

According To Photogrammetric Survey

In the formation of the Aksaray Zinciriye Madras-
ah Portal, which is estimated to be made in the 14th
century by using stone material, Anatolian Madras-
ah traditions can be seen and it makes a projection
towards the front. The muqarnases in the Portal of
Aksaray Zinciriye Madrasah are composed of 9 se-
ries which narrow towards the peak point and end

with one series. In the horizontal profiles of stone
series, geometric shapes such as twelve cornered star
and dodecagons are used. Geometric forms stand on
top of the diagonals. The last two lines of the series
are ended with a half dome. There are 3 geometrical
unit centers in the half dome that stands in the last
two lines.
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4. CONCLUSION

In the study, Konya Karatay Madrasah portal
mugqarnases, Karaman Hatuniye Madrasah portal
mugqarnases, Aksaray Zinciriye Madrasah portal
mugqarnases have been documented with digital
close range photogrammetric method, and the for-
mal characteristics of the muqgarnases and the geom-
etry used in them have been resolved via three di-
mensional models. The selected structures were built
in the beginning of 13th and 15t centuries, and alt-
hough there are differences in terms of plan
schemes, there are similarities in terms of the loca-
tion of entrance portals, and both similarities and
differences in terms of formation.

Geometrical and formal differences have been
discovered in the muqgarnases of the buildings” por-
tals which were selected as the study area. While the
geometrical units that shape the mugqarnases of
Konya Karatay Madrasah and Karaman Hatuniye
Madrasah are octagons and octagonal stars, dodeca-
gons and dodecagonal stars are used in Aksaray
Zinciriye Madrasah. This shows us that simpler and
clearer geometrical schemes are used in the early era
portal muqarnasses while in the late era geometrical
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