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aBstraCt: Detailed mapping of urban historical sites superposed on natural landforms within built-up areas is a real 
challenge. Digital photogrammetric techniques meet the requirements for mapping archaeological sites within dense 
built-up areas. The objectives are to reveal the landform value in medieval site development and to analyse its impact 
on the landforms. The aim of the present study is to highlight the contribution of geomatics technologies for the evalu-
ation and preservation of historical sites using UAV (Unmanned Aerial Vehicle) imagery and field photos for 3D mod-
elling. Curtea de Argeş medieval site, established on Argeş River terraces and attested since the 13th century, represents 
the town core for which the specific methodology was applied. 
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Introduction

Urban development was marked by land-
scape changes and intensive transformations of 
topographic features along centuries (Del Monte 
et al. 2016, Pica et al. 2016). A lot of rock outcrops 
and a large spectrum of landforms of scientific 
interest are partially or totally covered by build-
ings and specific infrastructures like street net-
works (Serrano, Ruiz-Flaño 2009, De Wever et 
al. 2016). There are only few exceptions, mostly 
from the regions with sharp morphological con-
trasts like the towns around fortresses on rock 

outliers (Clivaz, Reynard 2017). Several scientific 
papers focused on the importance of historical 
sites, most of them having a chronological sig-
nificance in the context of urban development 
along centuries (Rodrigues et al. 2011, Del Lama 
et al. 2015, Erikstad et al. 2017). Historical aerial 
images have a great contribution for monitoring 
topography changes due to anthropic factors 
(Scardozzi 2010, Doering et al. 2012), for tracking 
land cover changes (Ruan, Ellis 2004, Jao et al. 
2014), for archaeological site studies (Stichelbaut 
2006) and for monitoring urban sprawl (Dadras 
et al. 2014, Nebiker et al. 2014, Mihai et al. 2016).
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Besides the importance for urban planning, 
historical sites have a huge potential for ur-
ban tourism and education (Pinto et al. 2011, 
Adriansyah et al. 2015). This is marked by the in-
crease of advertisement using the media channels 
from simple descriptive panels to mobile applica-
tions targeting the historical sites (Martin et al. 
2014, Pelfini, Bollati 2014, Pica et al. 2016, 2017). 

The challenge for landform analysis and his-
torical site mapping comes from the superposi-
tion of urban structures and facilities on a topo-
graphic background with an intensive anthropic 
transformation (Chan, Godsey 2016). Given the 
complex pattern, an integrated approach based 
on geomorphology and archaeology is needed. 

The current approach is focused on Curtea de 
Argeş site, emphasizing the contribution of geo-
matics technologies for old architectural recon-
struction and evaluation. Within the historical 
site, we completed a detailed analysis for Princely 
Church, whose value is derived from its architec-
ture and old interior paintings which act as verid-
ic mural documents describing people’s lifestyle, 
historical events and portraits of past leaders. 
Moreover, we expand the importance of the 
historical site using state-of-the-art multimedia 
products. The main objective of the present study 
is to highlight the landform value in medieval site 
development and its imprint on topography and 
to exploit the potential of 3D modelling for histor-
ical site preservation, promotion and monitoring.

This methodology reveals and maps the geo-
morphologic setting and archaeological landmark 

of Curtea de Argeş medieval site, in the context 
of urban development in the last 50 years. This is 
achieved by the integration of UAv (Unmanned 
Aerial Vehicle) imagery with field photos for 3D 
modelling and historical aerial images.

Study area

Curtea de Argeş medieval site was first docu-
mented in the 13th century (Curinschi 1967) and is 
located South of the Carpathians, in the hilly area 
of the Getic Piedmont on Argeş River Valley (Fig. 
1). The altitude varies between 400 and 460 m a.s.l. 
and corresponds to the outlier of fluvial terraces, 
characterized by steep slopes. The site was found-
ed as a Princely Church (Rom. Curtea Domnească) 
and is attested by archaeological evidences in 
1290 and in 1330 AD, as the Capital of Wallachia 
(Constantinescu 1984) and later in 1510, the town 
is mentioned in documents under this name. The 
first iconographic representation dates from 1840 
(Bouquet 1843). Archaeological and historical re-
search campaigns in 1919 and between 1960 and 
1970 revealed the importance of this Princely 
Court, which was included in the Romanian 
UNESCO World Heritage indicative list in 1991.

The historical site is located on the second ter-
race of Argeş River with 15-20 m relative altitude 
(Sandu 2008). The geomorphological map shows 
the topography of an outlier divided by an in-
active gully, which is nowadays used as a main 
street (Fig. 2). 

Fig. 1. Location of Curtea de Argeş historical site.
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Starting with the second half of the 20th centu-
ry, the urban structures began to develop around 
the historical site and overcrowded the terrace 
outlier with houses and blocks of flats (Curinschi 
1967, Osaci-Costache 1998). In the same period, 
the Argeş River floodplain changed from its nat-
ural regime to a totally anthropogenic configura-
tion after the building of the first hydroelectric 
dam and reservoirs (Fig. 3). The industrialization 
of the town with a current population of 27,700 
inhabitants had a peak in the 1980s, when the 
need for residential buildings was important. In 
this context, the topographic landmark was cov-
ered by built-up area, up to the medieval walls. 

Materials and methods

Historical site mapping is an important and 
useful research topic, which expanded in the last 
period due to an increase of data amount from 
various sources. Detailed maps act as a digital 
representation of both natural and historical ele-
ments and they are now common as a result of 
data availability (Varga et al. 2015, Werle 2016). 
Within this new context, our approach tries to 
find a solution for an accurate and precise GIS 
mapping of the urban medieval site, using UAv 
photogrammetric techniques to reveal topograph-
ic and historical features. After a thorough inves-
tigation, we discovered that there is a limitation 
regarding available old data sources (Table 1). 

The existing topographic maps with different 
scales and sources were georeferenced and used 
for vector data extraction: contour lines, land-
marks, topographic features. Historical aerial im-
ages were inserted into a photogrammetric work-
flow in order to produce an orthophotomosaic 
with a uniform scale. The UAV flight campaign 

Fig. 2. Geomorphological map of the Curtea de Argeş 
medieval site area.

Fig. 3. Spatial distribution of built-up area around the 
historical site.

Table 1. Data sources and derived outputs.

no. Dataset Spatial resolution/ 
Scale Year Data Source

1. Orthophotomosaic 1 m 1967 Historical aerial photos, Military Top-
ographic Directorate

2. Topographic survey 1:1000 1973 Constantinescu, 1984
3. Archaeological survey 1:500 1973 Constantinescu, 1984
4. Cadastral maps 1:5000 1984 national Cartography Center
5. Orthophotomosaic, Digital Surface 

Model, Point Cloud
0.02 m 2016 UAV flight campaign

6. Ground Control Points – 2016 GPS survey
7. vector dataset – 2016 Open Street Map
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was done in September 2016 by GISBOX SRL, us-
ing a hexacopter carrying a SONY digital optic 
sensor at the altitude of 90 m above ground. The 
UAV flight lasted for approximately 17 minutes 
and covered an area of interest of about 0.5 ha, 
delivering 122 frames. The GPS field survey was 
undertaken in October 2016, when 22 Ground 
Control Points (GCP) were measured with milli-
metric precision (Table 2). 

The historical aerial photos at about 1:10,000 
scale, obtained from the archive of Military 
Topographic Directorate (DTM), were pro-
cessed to an orthophotomosaic, useful for the 
documentation of the starting point of urban 

structural transformation within the master plan 
from 1965. This allowed us to track the changes 
over the landscape that has been subsequent-
ly transformed. The orthophotomosaic and the 
point cloud model generated from UAv images 
allowed us to extract current topographic and 
historical site features that were visualized in a 
three-dimensional perspective. 

The proposed methodology integrates a pho-
togrammetric workflow into the GIS mapping 
stages for the case study of Curtea de Argeş me-
dieval town core (Fig. 4). 

The photogrammetric workflow started with 
the archive of aerial imagery from 1967. The 

Table 2. Sensor properties and field campaign details.
Sensor properties Flight mission

U
A

v

Model Sony Alpha 6000 UAv Hexacopter
Lens mount Sony E-Mount 16 mm F2.8 Flight altitude 90 m
Sensor resolution 24 Megapixels AOI surface 0.5 ha
Focal length 16 nm Resolution 2.19 cm
Sensor size 23.5 × 15.6 mm (6000 × 4000 px) no. of frames 122
Sensor type Simos no. of strips 10
Internal camera pixel size 3.92 microns Image overlap

Strip overlap

G
PS

Sensor properties Field mission
Model Leica Viva GNSS GS14 no. of GCPs 22

Correction RTK ROMPOS Precision ± 5 mm

Fig. 4. Workflow chart methodology.
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analogical negative frames were transferred into a 
digital environment using a common flat scanner 
and then assembled using predefined grid tiles. 
The stereo-pair images were integrated in a typ-
ical photogrammetric processing chain (Mikhail 
et al. 2001) using Socet Set 5.4 by BAE Systems 
GXP, with the help of GCPs, collected from an 
independent data source: the orthophotomosaic 
from 2012 at 0.5 m spatial resolution, provided 
by the national Agency for Cadastre and Land 
Registration (AnCPI). The custom camera model 
and GCPs helped us to solve both interior and ex-
terior orientation for photogrammetric block and 
then to construct an aerial triangulation model for 
bundle adjustment. Using the Digital elevation 

Model (DEM), with a spatial resolution of 5x5 m, 
interpolated from vector contour lines digitized 
from 1:25,000 Military Topographic Maps (Table 
1). The images were orthorectified and radiomet-
rically adjusted in order to produce an orthopho-
tomosaic for the reference year of 1967. 

All the UAv frames were imported into 
ContextCapture v4 by Bentley Systems, a ded-
icated UAV photogrammetric software (Nex, 
Remondino 2014, Aicardi et al. 2016). The geo-
tagged images were automatically aligned and 
adjusted with the help of GCPs collected on the 
field. The problem of interior orientation was 
solved with a predefined camera calibration file 
which describes the focal length and the image 

Fig. 5. Stages of production for UAV imagery and ground photos fusion in 3D modelling. A. Camera alignment 
and tie points co-registration. B. Ground photos alignment and pixel matching. C. UAV imagery and ground 

photos pixel matching. D. 3D modelling for Curtea de Argeş Princely Church.
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geometry. The aerial triangulation was construct-
ed for the entire photogrammetric block with au-
tomatic tie points collection, which conducted us 
to the next step: point cloud generation. Points 
were automatically triangulated in order to pro-
duce a Triangulated Irregular network (TIn), 
representing the mesh type model of the mapped 
surface. Further on, the Digital Surface Model 
(DSM) was generated and used for images ortho-
rectification and DEM generation for the medie-
val site and its surrounding area. 

The novelty of the approach is a double 
crossed photogrammetric flight, from which it is 
obtained a high dense point cloud, later imported 
as LiDAR data, for 3D landscape modelling and 
a better interpretation. Moreover, ground photos 
were integrated into a photogrammetric chain for 
3D architecture reconstruction (Zarnowski et al. 
2015, Cârlan, Dovleac 2017). We focused on the 
most important feature of the historical site, The 
Princely Church, which preserves byzantine ar-
chitectural style, being the oldest from Wallachia. 
Consequently, due to complete image coverage 
from different view angles, a point cloud for the 
entire object was produced, improving its geom-
etry and texture (Fig. 5). 

The next level of the analysis was the GIS 
multisource data integration, together with the 
mapping of the site from Curtea de Argeş medi-
eval town core. This integrates data from photo-
grammetric survey with ancillary datasets, such 
as topographic maps and the latest archaeologi-
cal survey. 

Results and discussion

Our approach leads to a series of results which 
consist in models and maps of the historical site 
covering a large temporal frame of 50 years. 
These products allow a complex characterization 
of the medieval site as a result of interrelation-
ships between historical heritage and the topo-
graphic context (Reynard et al. 2017).

The results were quantified in four major 
outputs: 
• a geomorphological map of the spatial fea-

tures in and around the study site for the de-
tection of landform significance (Fig. 2);

Fig. 7. Point cloud data represented by height for 
medieval site.

Fig. 8. Detailed point cloud classification by height 
for Curtea de Argeş Princely Church historical 

monument.

Fig. 6. Temporal evolution of the Princely Court site 
mapping with 2016 orthophotomosaic serving as 

basemap.
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• the updated mapping of the historical site, re-
newing the existing historical and archaeolog-
ical medieval landmarks (Fig. 6);

• point cloud data for the entire medieval site 
(Fig. 7);

• a 3D textured model of the Princely Church 
within the historical site (Fig. 9).
Because the buildings cover the entire terrace 

outlier hill, the topography can only be interpret-
ed based on the digital models. The DeM resulted 
from merged contour lines based on 1:1000 topo-
graphic survey from 1973 (Constantinescu 1984) 
and 1:5000 cadastral maps from 1984 helped the 
identification of the site location, hypsometry and 
micro-landforms pattern (Mandrut 1994, Sandu 
1997). The medieval site has a strategic position 

which exploited the topography. It is situated on 
the top of a hilly outlier from the second terrace 
between two major streams and gullies tributary 
to Argeş River (Fig. 2). Because of its favour-
able location, the Princely Court could not be 
destroyed nor damaged by natural disasters, be-
ing well preserved despite its extended lifetime 
for more than 700 years. We also mapped the 
changes in topography which occurred due to 
urban development and infrastructure increase 
(Fig. 3). It can be observed that the floodplain 
of Argeş River is now covered by a reservoir for 
hydro-electrical power. The previously existing 
valleys were removed or drastically changed. For 
example, Valea Doamnei stream, to the south of 
historical site, is now canalized and regulated, 

Fig. 9. 3D model with mesh and texture resulted from aerial imagery and ground photo fusion for Curtea de 
Argeş Princely Church.
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being covered by concrete walls and buildings. 
The gullies were totally removed from the topog-
raphy, nowadays their ways offering support for 
the city street network (Fig. 3).

The resulted orthophotomosaic was integrat-
ed with previous existing studies (Constantinescu 
1984) in GIS environment, for updating the histori-
cal landmark spatial database, in order to improve 
its consistency. It shows the spatial evolution 
where different generations of defence walls were 
adapted to the topographic configuration. The ac-
curate orthophotomosaic of 0.02 m spatial resolu-
tion offers support for identifying the pattern of 
the medieval site, represented by the spatial dis-
tribution of imprints from old buildings (Fig. 6).

The point cloud for the entire Princely Court, 
interpreted as LiDAR data, was used for a 3D ob-
ject reconstruction with complete physical char-
acteristics and highlighting its impact on land-
forms (Fig. 7). This digital representation shows 
the site location on a fluvial morphological fea-
ture within to the edge of a terrace scarp. The 
steep slope associated with the scarp increases 
the landslide susceptibility in the western part of 
medieval site. The occurrence of this natural haz-
ard damaged the stone walls and decreased the 
court’s surface. In the same time, all the ground 
detail features could be interpreted as potential 
ruins, which may need archaeological investiga-
tion in the future. 

The architectural style specific for medieval 
times and particularly for Walachia implied a 
fortified infrastructure that was used for living, 
defending and worshiping spaces. The technical 
solutions required solid foundations, the creation 
of underground rooms used for storing food sup-
plies or as cells for prisoners, which had a strong 
impact on relief. The changes in topography by 
this man-made activity through excavations and 
reallocations of materials can be identified in 
point cloud dataset as underground chambers 
and the pattern model of ruins (Fig. 7). 

The complex 3D model of the Princely Church 
historical monument (Fig. 8) was used for a better 
visualization and interpretation of medieval archi-
tecture in a realistic manner, opening a new per-
ception. This can be a real opportunity to be used 
in medieval architecture and art research projects 
for building restoration and preservation as well 
as for the advertisement of the historical site in 
media and within the historical museum nearby. 

This model can emphasize hidden influence 
of topography features upon the monument. 
For example, there is a narrow area bordering 
the church with altitudes lower than the one re-
corded in the neighbouring area (Fig. 8). This is 
explained by the subsidence phenomena which 
affects especially old buildings by negative slow 
motion of land under the pressure of construc-
tions. This effect can cause damage to building 
foundation, water infiltration into walls and, lat-
er, fungal spores development. This is the highest 
risk factor today because it endangers the paint-
ings and interior decorations which can lead to a 
great loss of historical values.

The upper level of the photogrammetric 
data processing and product generation is the 
three-dimensional modelling of the site, includ-
ing image-matching between ground photos and 
UAv images. The integration of ground photos 
with aerial digital imagery into a point cloud is 
done automatically based on pixel matching for 
the same area. The proposed methodology drove 
us to a precise and realistic 3D model of Princely 
Church monument, which is useful for architec-
tural and historical analysis (Fig. 9). 

This 3D reconstruction can be proposed as an 
unconditional support for architecture with the 
possibility to establish the location of design ele-
ments and to measure volumes and different pa-
rameters, including lengths, heights and angles 
(Cantzler 2003, Apollonio et al. 2013). It allows the 
drawing of different stages in architectural and 
historical evolution for the church. Starting from 
the current models, the restoration can be better 
managed within the 3D simulation of planned 
work and assesses the most suitable changes 
with no physical impact for the monument. 

 Fig. 10. Panoramic view of 3D model of Curtea de 
Argeş site.
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This digital representation is suitable to be 
integrated into new technologies and to be de-
livered to the general public. It can be accessed 
for visualization and exploration for a better un-
derstanding of the historical significance (Fig. 
10). All this data offers support for an improved 
communication using smart technologies in mul-
timedia advertisements for tourism campaigns 
and educational purposes.

Conclusion

The current methodology is based on the in-
tegration between photogrammetric workflow 
and archaeological landmark surveying in a GIS 
environment. This contributes to the understand-
ing of the strategic significance of the relief on the 
Princely Court development and its impact on 
the natural landforms. Curtea de Argeş Princely 
Court is a typical example of a medieval site su-
perposed on a fluvial landform, totally integrated 
in the context of the urban development during 
the last century. Its features can be explored only 
at high resolution using accurate data and field 
survey investigation.

UAv technology delivers low cost solution 
for imagery coverage that can be processed to 
a point cloud, DeM, orthophotomosaic, which 
allow landform analysis and site mapping. The 
introduction of ground photos and the image 
matching with UAv data enables the 3D archi-
tectural reconstruction of the elements of interest, 
which opens new possibilities for the architectur-
al and historical researches.

The models can be easily integrated in smart 
multimedia applications for touristic site promo-
tion and educational purposes (2D and 3D).
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