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This paper is part of ongoing research which aims is to develop the methodology
for the church heritage digitization and visualization. The subject of the
presented work is the iconostasis, as a significant part of the Christian Orthodox
church heritage, distinguished by its bilateral character, as an architectural
element of a church interior and an art piece composed of icons. Considering
that iconostases can be seen only in situ, we developed the methodology for its
digitization and virtual representation dissemination, which provides a user with
the possibility to visualize iconostases outside the physical borders of sacral
interiors. The proposed methodology relies on techniques for photogrammetric
surveying, 3D modeling, and augmented reality visualization, and it is presented
in a particular case study of the iconostasis. An outcome is shown as the
multimedia presentation of an exhibition, realized throughout collaboration
between the university and the museum.

Keywords: church heritage, iconostasis, multimedia presentation,
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INTRODUCTION
In terms of modern technologies, a virtual represen-
tation of cultural heritage has the major and an es-
sential role for the purposes of preservation, conser-
vation, as well as a promotion of tradition and na-
tional identity, in the context of globalization. 3D re-
construction methods for digital preservation of cul-
tural heritage, such as photogrammetry, have be-

come increasinglyusedas a low-costmethod fordoc-
umenting and analyzing of cultural heritage. Accord-
ing to the plenty researches and case studies that use
photogrammetric approaches, the main subjects of
cultural heritage digitization can be classified by the
type of cultural heritage as: archeological sites (Böh-
ler and Marbs 2004; Sapirstein 2016); architectural
objects (Yastikli 2007; Nagakura et al. 2015; Webb et
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al. 2016; Böhler and Marbs 2004); statues and sculp-
tures (Böhler and Marbs 2004; Heinz 2002; Pieraccini
et al. 2001); and museum artefacts (Nicolae et al.
2014; Böhler and Marbs 2004).

This research focuses on church heritage digiti-
zation and visualization. In particular, the subject of
thepaper is the iconostasis as a distinctive element of
the cultural heritage of the Christians, distinguished
by its bilateral character, as an architectural element
and an art piece composed of the religious paintings.

The iconostasis is one of the most notable fea-
tures of the interior of the Orthodox and East-
ern Christian churches, characterized by the specific
artistic, architectural, visual and theological signifi-
cance. As a characteristic art piece, it represents a
richly decorated vertical frame (solid screen) com-
posed of the religious paintings (icons). As an archi-
tectural element which dominates the interior of the
Orthodox churches, it serves as a visual as well as the
physical division between the sanctuary containing
the altar area and the nave in a church. By the the-
ology meaning, it separates the layman in the nave
from the priest in the sanctuary (Melvani 1981) and
represents the symbol of the division between holy
and profane, heaven and earth, divine and human
(Fanny 2017).

This work presents the workflow which aims to
create a museum multimedia presentation of the
iconostasis, as the specific art and architectural ele-
ment of the cultural heritage of the Christian Ortho-
dox churches. It is an outcome of the university and
the museum collaboration.

Since the iconostases present unique elements
of the monumental interior, and as such can be seen
only in situ, the multimedia presentation is signifi-
cant as it bridges physical gaps and provides a user
with the possibility to visualize one of the most valu-
able cultural heritage of Orthodox Christians outside
the physical sacral interiors. For that purpose, the vir-
tual representation of the iconostasis is created by
using photogrammetric methods for surveying and
3D modeling. Since the iconostasis can be simulta-
neously considered as an altar barrier in a church in-

terior, as well as the screen of the religious art paint-
ings, different photogrammetric approaches for sur-
veyingare required. Anoutcomeof the surveying, 3D
modeling and visualizing of the iconostasis is shown
as themultimediapresentationof themuseumpaint-
ings exhibition.

CASE STUDY OF THE ICONOSTASIS AS
THE CHARACTERISTIC ART AND ARCHI-
TECTURAL ELEMENT OF THE CHRISTIAN
ORTHODOX CHURCHES
Iconostases initially evolved from the low altar bar-
rier with an architrave, known as a Byzantine tem-
plon (Melvani 1981; Fanny 2017). High iconostases,
in the formof solid screenswith large icons, aredevel-
oped in Russia in the late 14th and 15th centuries and
probably spread thence to Mount Athos, and further
to Greece and the Balkans (Fanny 2017). In the 18th
century, iconostases became the most decorative el-
ements of the Christian Orthodox churches, with the
highly decorated carvings and icons, made by the
most influential artists of that time.

The subject of this research is the iconostasis lo-
cated in the Serbian Orthodox Church of St. Pro-
copius the Great Martyr situated in a village Srp-
ska Crnja, in central-east Banat, alongside the bor-
der with Romania, which dates from the period of
the 18th-19th century. Besides its religious value, it
is also the significant cultural heritage of Serbia since
contains rear sacral paintings of the Georgije “Đura”
Jakšić (1832-1878), one of the most expressive rep-
resentatives of the 19th-century Serbian art. The first
large painting commission that youngĐura Jakšić re-
ceived involved replacing and copying the icons on
the iconostasis in the Church of St. Procopius the
Great Martyr in Srpska Crnja. He painted eight icons
of the iconostasis during 1853 and 1854: the central
iconof the iconostasis, four throne icons, icons on the
Royal Doors, and on the North and South Door (see
numbered icons in figure 1a).

As opposed to the most of objects of cultural
heritage that have a distinctly organic and three-
dimensional shape, the iconostasis is characterized
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by a notable flat shape distinguished by ornamental
decoration andmaterialization. Except the icons sur-
rounded with the highly decorated frame, other im-
portant elements of the iconostasis are richly carved
doors: one located in the center andknownas aRoyal
Door, and two on each side, called Deacon’s Doors
(see figure 1).

Besides the primary architectural function as an
altar barrier that separates the altar apse from the
nave in a church, iconostases also hold the rare and
unique works of artists in the field of sacral painting.
As such, iconostases can be also considered as the
museum art pieces.

METHODOLOGY
This research focuses on the multimedia presenta-
tion of the iconostasis. According to that, a method-
ology for the 3D digitization and visualization of the
iconostasis, as the specific part of the church her-
itage, is created. The methodology for the iconosta-
sis digitizing and visualization is designed consider-
ing three main parameters:

• the iconostasis shape and the size,
• church interior conditions,
• 3D model application.

The methodology is based on the few main steps:

1. Iconostasis surveying;
2. Data processing;
3. 3D modeling;
4. 3D visualizing.

Considering the large dimensions of the iconos-
tasis, situated inside a constrained church inte-
rior, the main challenge was to achieve iconostasis
3D representation by using a photogrammetric ap-
proach. The proposed photogrammetric approach
arises from the specific bilateral character of the
iconostasis, as well as from its large dimensions and
a flat, yet complex shape. Since it can be consid-
ered as an architectural element and themuseum art
piece composed of the religious paintings, as well,
a complete 3D reconstruction with detailed texture

was required. Thereby, one of the main parameters
that were taken into account during designing the
methodology was the required level of detail of the
iconostasis 3D model visualization, needed for fur-
ther application. The result of the proposedmethod-
ology for the iconostasis digitization is shown as the
multimedia presentation of the museum paintings
exhibition in the Gallery of Matica Srpska ([1];[2]) in
Novi Sad, Serbia. The museum multimedia presenta-
tion consists of two different types of iconostasis vi-
sualization:

1. Augmented reality (AR) application for a total
3D representation of the whole iconostasis;

2. Web application which allows a detailed 3D
representation of part of the iconostasis that
contains icons painted by Đura Jakšić, as well
as the high-resolution visualization of the im-
ages of that particular icons.

This paper presents the designed methodology for
the 3D digitization and visualization applied to the
particular iconostasis of the Church of St. Procopius
the Great Martyr in Srpska Crnja. However, on the
basis of the detailed study of the surveying param-
eters related to the iconostasis structure and dimen-
sions, its position inside the church, anda characteris-
tic location conditions of church interiors, as themain
parameters that affected image-based modeling ap-
proach, we propose themethodology that can be re-
peated the same in the similar surveying scenarios of
other iconostases, with changing only a few parame-
ters of the surveying process, according to a specific
case study.

Iconostasis surveying
Taking into consideration the bilateral character of
the iconostasis and its ornamental shape, as well as
its specific position in the church interior, the survey-
ing is split into two main workflows:

1. Total 3D representation of the iconostasis;
2. Detailed 3D representation of single iconos-

tasis elements, such as icons, framed with a
gilded carving, and the doors.
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Two pipelines based on SfM (structure from mo-
tion) photogrammetric method for surveying are de-
signed. Each of two main workflows relies on two
different GSD (ground sample distance) values, ini-
tially determined in order to achieve the desired level
of detail of the iconostasis reconstruction. Ground
sample distance is the distance between adjacent
pixel centers measured on the ground, and as such
it presents pixel size expressed in an object scale.

First, we determined surveying parameters mu-
tual for both workflows. Due to the notable flat na-
ture of the iconostasis structure, distinguishedby sig-
nificantly lower object depth in relation to its width,
the photos were taken in a parallel fashion. In or-
der to introduce detailed iconostasis depth into the
3D model, the parallel mode is combined with di-
vergent camera locations, rotated in the right and

left direction by the angle of approximately 10°. The
complete iconostasis surveying is performed using
the tripod and the camera NIKON D7000 (pixel num-
ber: 4928x3275; pixel size: 4.78μm; sensor size:
23.6x15.6mm; focal length: 18-109mm). In order to
measure a proper exposure, based on the church in-
terior lighting condition, characterized by a very low
illumination, the Aperture priority mode is employed
to determine correct exposure time, while the values
f-stop= f/8 and thedefault ISOspeed=100wereman-
ually fixed. The value shutter speed = 1 second, se-
lected by the camera as the most suitable exposure
time, is fixed and used throughout thewhole project.
This way, the internal camera parameters, based on
the church interior conditions were determined for
both workflows.

Figure 1
a) Scheme of the
iconostasis in the
Orthodox Church of
St. Procopius the
Great Martyr in
Srpska Crnja
(author: Vladimir
Petrović, The
Provincial Institute
for the Protection of
Cultural
Monuments,
Petrovaradin,
Republic of Serbia);
Icons painted by
Đura Jakšić: the
central icon of the
iconostasis (1), four
throne icons
(2,4,6,8), icons on
the Royal Doors
(5a,5b), and on the
North and South
Door (3,7); b) the
iconostasis; c) the
Royal Door; d) the
framed icons of the
Royal Door554 | eCAADe 37 / SIGraDi 23 - Challenges - CULTURAL HERITAGE - Volume 1



The second part of the surveying planning is re-
lated to the geometric, as well as the location char-
acteristics of the iconostasis. As the typical architec-
tural element of the Orthodox church interiors, the
iconostasis is positioned inbetweenanaltar apse, be-
hind it, and the church chancel, in front of it. The
chancel area includes the side choirs, which slightly
occlude the iconostasis on both sides, while the un-
constrained space in front of the iconostasis stretches
11m in length to the western main entrance. The
iconostasis dimensions of 6,64 (width) x 6,41 (height)
meters mainly follow the width and the height of the
church.

Since the camera position in relation to the ob-
ject is not restricted in terms of the limited distance,
we designed a methodological approach which de-
pends on the desired level of detail of the represen-
tation. In order to achieve different levels of detail
of the iconostasis 3D representation, we determined
desiredGSD values: in the range of 0.6-0.8mm for the
detailed3D representation, and0.9-1,1mmfor the to-
tal 3D representation, accordingly.

Detailed 3D representation. In this case, the first
and the second floor of the iconostasis consisted of
the Royal door and gilded carving frames which hold
the icons painted by Đura Jakšić were surveyed sep-
arately, according to the previously obtained camera
parameters, orientation and the position relative to
each of them. In order to achieve surveying of the
full height of one floor in one stripe of photographs,
we used wide angle lens with the 24mm focal length
(c). By setting the valueGSD=0,6mm, the distance (D)
covered on the iconostasis with photograph is deter-
mined by considering a particular camera pixel num-
ber (formula 1).

D = pixel number ·GSD (1)

Accordingly, the distance (D) is calculated as follows:
4928 · 0, 6 = 2, 956mm = 2, 9m (portrait mode);
3275 · 0, 6 = 1965mm = 1, 9m (landscape mode),
where the pixel number corresponds to 4928x3275.
Since the obtained value of 2,9m covers the first-floor
height (2,5m), the appropriate camera orientation re-

sulted in the portrait mode. Further, values for the
scale (m), as well as the distance from the camera to
theobject (h), are calculated in the followingway (for-
mula 2 and 3):

m = GSD/pixel size (2)

h = m · c (3)

The scale (m) was 0, 6/4, 78 = 0, 1255 · 10−3, and
the distance from the camera to the object (h) re-
sulted in0, 1255·10−3·24 ⇒ h = 3m, where the fo-
cal length (c) is 24mm. The survey of the first iconos-
tasis floor is carried considering the constantdistance
of 3m and the baseline (b) of 0,3m providing an aver-
age overlapping of 80% between photographs.

The same methodology is applied to the sec-
ond iconostasis floor surveying scenario, since, in this
case, the camera was oriented at a certain angle in
order to fully cover by photographs the second-floor
height. This resulted in the predefined value of the
distance of the camera to the object (h1), which was
expressed as the mean value of shorter and longer
distance hypotenuse (see figure 2). According to this,
first, the scale is calculated (see formula 3) as: m =
h/c = 3500/24 = 1, 458 ⇒ GSD = 0, 7mm,
obtaining the GSD value which is appropriate for the
given scale, and consistent with the initially deter-
mined range of values.

The third floor was not surveyed separately since
it does not contain the particular icons of the painter,
so the detailed reconstruction was not required.
However, since it stands on the height of 3,95m, for
its detailed representation, the drone should be em-
ployed.

Total 3D representation. For the total 3D recon-
struction, the iconostasis is surveyed in two stripes,
using the GSD value initially set in the range of 0,9-
1,1mm. Setting the valueGSD=0,9mm, the first stripe
of photographs had covered the first and the second-
floor height simultaneously. The same way, the sec-
ond stripe had covered the second and the third
floor, obtaining the GSD of 1,1mm, due to the certain
angle of the camera position. The same methodol-

Challenges - CULTURAL HERITAGE - Volume 1 - eCAADe 37 / SIGraDi 23 | 555



ogy for the surveying parameters calculations, used
for the detailed 3D representation is performed. Fig-
ure 2 illustrates the surveying processes, created for
both scenarios.

Figure 2
Scheme of the
surveying process,
created for both
scenarios (red line -
detailed 3D
representation;
blue line - total 3D
representation)

By taking into consideration the particular dis-
tances from the object and the fixed aperture, the
depth of field (DoF) is checked for every single case,
with the aim to achieve a correct sharpness of the
photographs. In the case of the detailed 3D repre-
sentation surveying scenario, the nearest distance of
the camera to the object was 3m and the far limit
was 4m, so we first checked the DoF for the focus
of 3m distance. Since for the f/8 and the distance of
the 3m, DoF is 1,64m at near limit, and 17,3m at the
far, (15,7m in total), so the focus in front of the sub-
ject is 9%, the nearest distance of the 3mwas used as

the appropriate camera focus point. For the total 3D
representation surveying scenario (nearest distance
to the object = 5m; the far limit = 5,8m), the camera
was focused at the subject distance of 5m,which cov-
ers the depth of field of 2m in front of the iconostasis,
up to infinite behind it. The calculatedparameters for
two different surveying scenarios are shown in table
1.

Data processing
Data processing was done using automatic, pho-
togrammetric software, based on the depth map
method, which generates mesh directly with depth
map data, allowing a reconstruction of exceptionally
detailed geometry.

Thephotographs acquiredby eachof the survey-
ing scenarios were processed separately in order to
estimate error and the reconstruction accuracies (see
table 2). In addition, the stripes of imageswere linked
and processed mutually, creating two different 3D
models. The detailed 3D representation consisted
of the particular icons painted by Đura Jakšić, is cre-
ated by simultaneously processing photographs re-
lated to the first and the second iconostasis floor. The
total 3D representation of the iconostasis is based on
themutual processing two stripes of photographs of
the linked first and the second floor, and the second
and the third floor, respectively.

By studying the specific church interior condi-
tions, as well as the iconostasis structure and its char-
acteristic position inside the church, we designed
a methodological approach which depends on the
desired level of detail of the reconstruction. The
proposed methodology is evaluated by comparing
the GSD value resulted by processing data with the
one initially established for each of the surveying
scenarios, individually, as well as in their compati-
ble combination. The achieved accuracies and the
reconstruction parameters, resulted by using high-
quality processing settings are shown in table 2. For
the total 3D reconstruction the masks were applied
to the photographs, which reduced the number of
points and polygons. It can be concluded, that re-
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Table 1
Surveying
parameters for
detailed and total
3D iconostasis
representation
surveying scenarios:
D = distance
covered by
photograph; h =
distance of the
camera to the
object; b = baseline.

Table 2
Estimated error and
the achieved
accuracies and
reconstruction
parameters,
resulted by using
high-quality
processing settings

gardless of the height of the iconostasis (6,5m), the
ground photogrammetry provides satisfying results
in two different levels of details. Figure 3 shows the
orthophoto obtained after detailed 3D reconstruc-
tion. Total 3D representation of the iconostasis ob-
tained by using the proposed methodology and au-
tomatic photogrammetric approach is illustrated in
figure 4a. Considering that the data processing re-
sults are consistent with the previously determined
surveying parameters, it can be concluded that the
samemethodology could be adapted to a number of
similar iconostasis surveying scenarios, which is the
subject of the future research.

3Dmodeling
The meshes are automatically created by the gener-
atingmesh from depthmaps tool in photogrammet-
ric software, providing a high level of detail (see fig-
ure 4a). According to the needs of the further 3D

model application, the mesh is additionally edited
using a few different digital tools. Software for dig-
ital sculpting is used with the aim to improve the 3D
model, in terms of editing geometry, cleaning redun-
dant faces and closing holes (see figure 4b). In or-
der to prepare the 3D model for its visualization in
the augmented reality environment, the mesh poly-
gon count is optimized by performing retopology
techniques. Given that the iconostasis is composed
of the religious paintings, notable attention is ded-
icated to detailed texturing. Since the poor light-
ing conditions of the church interior caused uneven
exposure between images, as well as an overexpo-
sure on side photo areas, the photographs, taken in
RAW format were manually edited prior to the au-
tomatic texture generation inside the photogram-
metric software. The image exposure was manually
improved by exposure correction toolset in a photo
editing application. Furthermore, the texturewasun-
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Figure 3
Orthophoto of the
detailed iconostasis
3D representation

Figure 4
Total 3D
representation of
the iconostases: a)
automatically
generated 3D
model; b) improved
3D model; c)
unwrapped texture
map

wrapped and exported into 3D texture painting soft-
ware, whereas the specular and normal maps, were
created, in order to refine the visual quality of the
iconostasis 3D model material appearances (see fig-
ure 4c).

3D visualizing
3D models with additional options and information
are visualized throughout the virtual environment
made for themuseumexhibitionofpaintings. The3D
visualization of the iconostasis can be split into two
main parts:

1. Augmented reality (AR) visualization of the
whole iconostasis;

2. Web application which allows detailed 3D
model visualization of the linked first and the
second iconostasis floors, consisting of partic-
ular framed icons painted by Đura Jakšić, and
the carved doors.

AR application. Since the iconostases, as unique ar-
chitectural elements of the church interior can be
seen only in situ, the main idea of the AR application
is to allowauserwith thepossibility to visualize it out-
side the physical borders of themonumental interior.
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Regardless the large dimensions of the iconostasis,
in this way, the visualization of the entire structure
of the iconostasis construction, as a big frame which,
visually and physically, supports the icons, as well as
the visualization of single icons, is allowed.

For this purpose, the previously optimized 3D
model of the total iconostasis representation is used.
AR application is developed using the Vuforia SDK
that comes integrated with the Unity game engine.
The whole application is made inside one scene in
the Unity engine, while the changing between the
AR scene and themain applicationpage is performed
only by switching between AR and the main camera,
with the aim to achieve optimized processing time.
This way, the whole iconostasis is visualized by de-
tecting the printedmarker throughout the camera of
the tablet device (figure 5a).

Figure 5
Multimedia
presentation of the
iconostasis at the
museum painting
exhibition of the
Gallery of Matica
srpska (Mišić 2019;
[1]; [2]); a) AR
visualization; b)
Web application
and the iconostasis
orthophoto digital
projection on a wall

Web application. Web application for the detailed
iconostasis presentation is developed with the main

idea to allow users to interact with the 3D model of
the iconostasis in the virtual environment which pro-
vides additional options, such as more detailed visu-
alization of the individual icons with accompanying
information on the title of thework, the period of ori-
gin and the key characteristics that describe it as an
art piece. In this case, the detailed representation of
the first and the second iconostasis floors, with the
obtained GSD of 0,90mm is presented as the digital
projection of the orthophoto on the wall (figure 5b).
The application provides options for click and zoom
on one of the eight icons painted by Đura Jakšić, in
order to visualize it in detail with additional text in-
formation on it.

MUSEUM MULTIMEDIA PRESENTATION
OF THE ICONOSTASIS
This research presented an outcome of the collabo-
ration between the university team and the Gallery
of Matica Srpska in Novi Sad, realized throughout the
museummultimedia presentation of the iconostasis.
The painter Đura Jakšić and his artistic creation have
brought together two national museum institutions
- the Gallery of Matica Srpska and the National Mu-
seum in Belgrade - which have jointly realized the ex-
hibition Đura Jakšić. Between Myth and Reality dedi-
cated to the artist whose literary and visual artworks
marked the Serbian art and culture of the 19th cen-
tury.

Through three thematic wholes - portrait, reli-
gious andhistorical painting - the exhibitionpresents
the visual art opus of Đura Jakšić. In addition to
the paintings from themuseum collections and from
the Serbian Orthodox Church, his painting work in
the Church of St. Procopius the Great Martyr is also
available for viewing thanks to the implementation
of modern technology (see figure 5).

CONCLUSION AND FUTUREWORK
This research presents the part of the wider study
of the church heritage digitization and visualization,
with the focus on the iconostasis. The paper explains
the process of creating the multimedia presentation
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of the iconostasis, as the unique element of the Chris-
tiansOrthodox church heritage. Themultimedia pre-
sentation of the iconostasis is shown as part of the
museum paintings exhibition. The iconostases are
ornamentally shaped and decorated elements situ-
ated in the altar area of churches, on which religious
paintings are represented. Since the visualization of
the iconostasis is possible only in situ, the multime-
dia presentation provides the user with the possibil-
ity to visualize and interact with the church heritage
outside the physical church interior.

According to the detailed analysis on the iconos-
tasis structure and dimensions, as well as its char-
acteristic position inside the church, we designed a
methodological approach, based on specific church
interior conditions, which depends on the desired
level of detail of the representation. The proposed
methodology for the 3D digitization and visualiza-
tion an iconostasis has been tested on the particu-
lar case study and can be further applied to a num-
ber of other iconostases, with manipulation of only
a few key parameters of the surveying process. Con-
sidering that the initial results are very encouraging,
further testing and improving the methodology on
other iconostases is of particular interest in future
developing the proposed techniques for the church
heritage digitization.
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