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Abstract 
In recent years, the development of technology and the need for more accurate and detailed 
diagrams and plans, has led to the use of combined methods originating from different engineering 
specialties. In order to provide full geometric description of the land and the surroundings of the 
earth’s surface, a measurements’ system that utilizes both terrestrial and aircraft modules, is 
nowadays necessary. The rapid development of unmanned aerial vehicles (UAV or remotely piloted 
systems), but also the evolution of geodetic instruments can in one hand offer a combination of 
geometric and qualitative characteristics, and in the other hand guarantee the complete description 
of the research area with the best possible geometric and illustration results.  
The key factor, to the creation of a correct geometric diagram/plan is the combination of these 
methods, especially when it comes to areas of great historical importance. Such areas are often 
studied in order to highlight their historical significance and to strengthen their modern evolutionary 
course. So, apart from the geometric factors, old and new characteristics referring to the building 
conditions, purposes and facts of these centers should be implemented to the study and ought to be 
properly integrated into the final deliverables.   
In this paper, after describing, in detail, the terrestrial and aerial measuring methods, the ideal 
conditions for their combination for a correct geometric result will be presented. Their 
implementation took place in the Old and New Fortress of Corfu, Greece, in order to create initial 
backgrounds for the management of the historic center, which was created and developed between 
them. In addition, a comparative evaluation of new combined methods with older ones, which had 
been applied in the area, is carried out, in order to identify possible significant differences 
throughout the years. 
Finally, conclusions and suggestions emerge regarding the evolution of precision and detail 
(geometric and qualitative) offered by the new combination technologies, thus opening new 
avenues for the future. 
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1. INTRODUCTION 
 
Nowadays, more and more people are curious about the preservation of cultural heritage, and 
especially historic centers or buildings. In order to manage those centers, and create masterplans for 
future management, it is important to have accurate and detailed diagrams and plans with both 
geometric and qualitative characteristics. The qualitative and quantitative characteristics are 
combined in order to produce deliverables, which are scientifically acceptable and capable of being 
utilized at later stages of the study by other engineering specialties.    
The geometric documentations, as it called, may be defined as [1]: 
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 the acquiring, processing, presenting and recording the necessary data for the determination of 
the position and the actual form, shape and size of a monument or area in present time and  

 the recording of the present form of the monument as it has been shaped in time in order to 
recognize its past and manage its future.  

Additionally, it comprises the historical documentation, the architectural and archaeological 
documentation, the bibliographic documentation etc. [1]. Depending on the acquisition, the 
accuracy or the final products, there are different methods originating from different engineering 
specialties. Due to the rapid development of unmanned aerial vehicles (UAV) and also the 
evolution of geodetic instruments, photogrammetry (aerial) and geodesy (geodesy) are the most 
well-known methodologies. Each of them has both advantages and disadvantages, concerning not 
only the equipment, but also their implementation.  
In this paper, after the analysis of the terrestrial and aerial measuring methods, a combination of 
them is presented. Their capabilities will be explained and tested, and new possibilities can arise. 
An implementation took place in the Old and New Fortress of Corfu, Greece, so as to create initial 
backgrounds for the management of the historic center which unfolds between them. In addition, a 
comparative evaluation of new and old methodologies was made, in order to identify significant 
differences throughout the years. 
 
2. TERRESTRIAL METHOD 
 
The terrestrial method consists of the majority of classical geodetic measurements. Geodetic 
surveying is one of the oldest methodologies in documentation, and contribute to a geometrically 
correct result. Topographic surveying is used to create topographic 2D plans or maps of an area [2]. 
Depending on the accuracy and the size or geometry of the study area, the appropriate measuring 
method is chosen. The GNSS survey method can be used in an outdoor survey with clear horizon, 
but total station and its accessories can provide higher accuracy, which is necessary in 
documentation [3]. (Figure 1) 

 
Figure 1. GPS (left) and Total station (right) [4] 

 
The initial task is to establish a geodetic network in the study area. All the measurements must be in 
the same coordinate reference system, so as orientation, scale or relation problems be solved 
automatically [3]. Total stations use the polar method, which is based on measuring the horizontal 
and vertical angles and slope distances from the standpoint of the station to the points of interest [3]. 
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After calculations, the result is a set of points with coordinates x, y and elevation, with accuracy at 
around ±1mm. A base map of the area is usually created, based on horizontal coordinates, and also 
a DEM of the surface using the third dimension [5]. 
 
3. AERIAL METHOD 
 
The aerial method uses UAV or remotely piloted systems (Figure 2), by utilizing the basic 
principles of photogrammetry. This method brings new opportunities both in the documentation of 
Earth’s surface and also in historical monuments. They are almost independent from the ground 
control station, and can capture images at predetermined positions [5]. 

 
Figure 2. Different types of UAVs [6] 

 
In order to have an accurate result, photos must be overlapping in a high percent, and due to image 
matching and alignment, a dense point cloud of the area is created. To reproduce true position and 
scale, geo-reference is needed [7].This can be done either directly using known exterior orientations 
of photographs or by providing appropriate coordinates to points that are recognizable in the 
photographs [8].  
In this method, the final result can be 2D orthophotos and detailed 3D models with texture, which 
contains surface or other optical details. The accuracy, depends on the uncertainty of the known 
points and the processing algorithms and it is between ±1mm to ±5cm [9]. 
 
4. COMBINED METHOD  
 
The combined method results from the optimal combination of terrestrial and aerial methodology. It 
is worth noting that the participation rate of each of these methodologies in the final method 
depends solely on the characteristics of the study and the final deliverables. For example, in cases 
where illustrative deliverables are acceptable, the aerial methodology is preferred, while in cases 
where high geometric accuracy is required, the terrestrial method is preferred.  
As already mentioned, both methods are based on the use of ground points, whom position can be 
determined with great accuracy. If the use of both methodologies is planned in advance, common 
points can be used that serve both methodologies. In this way, the measurements’ curriculum is 
optimized and improved as well as their systematic control. 
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The fact that the two methodologies ought to be used with the common goal of always allowing a 
solution to emerge should not be overlooked. For example, choosing only the terrestrial 
methodology would create gaps in the description of the roof of tall buildings, where the aerial 
methodology could help. Respectively, the only use of the aerial methodology would create 
anomalies in areas where shadows or overlaps of objects are presented, where the terrestrial 
methodology could easily solve. 
 
5. CASE STUDY 
 
The case study refers to the historic center (Old Town) of the Corfu Island, located at the northwest 
end of Greece. The limits of the historic center are currently described by the location of two 
fortresses (Figure 3). The layout of the historic center indicates preliminary signs of various 
connections between the two major fortresses (old and new). The Old fortress lies along the east 
side on the sea, while on the west side and completely on land lies the new one. During the past, the 
two fortresses of Corfu were linked by large walls, so that the inhabitants could live safe inside.  
The walls were destroyed and nowadays there are only two of the four gates of the town [10]. 

 
Figure 3. Old town and fortresses in 1716 [11] 

 
As regards the size comparison of the two fortresses, the Old is mainly bigger and consists of 
several altitude levels. The old fortress houses many buildings inside and is fully accessible to most 
of its area. This fortress was constructed by the Venetians in the 15th  century on the site of a former 
Byzantine castle. To make it more secure, they made an artificial moat and thus they separated the 
fortress from the mainland. It was connected to the land by a movable, wooden bridge. In 1819, the 
British replaced this bridge with the present stable pathway, which is 60 m long and stands 15 m 
above the moat. Nowadays the old fortress holds a special pole of attraction for tourists as well as 
for important artistic and cultural events of the island.  
The New fortress was built by the Venetians and is strategically located in close proximity to the 
Old Harbour of the town. It took a rather long time to be built (1576 and 1645) and   played a 
pivotal role as far as protecting the town of Corfu and its residents were concerned. The entire 
fortress is an intricate network of compartments and galleries. The two main gates of the fortress 
seem to have somehow withstood the ravages of time and are still very well preserved. The first 
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gate faces to the Old Harbor's square while the other faces down south. A section of the fortress was 
demolished by the then British colonial rulers as per the agreement of 1864 that united Corfu with 
the rest of Greece [12]. 
The ensemble of the fortifications and the Old Town of Corfu is located in a strategic location at the 
entrance to the Adriatic Sea. Historically, its roots go back to the 8th century BC and to the 
Byzantine period. From the 15th century, Corfu was under Venetian rule for some four centuries, 
then passing to French, British and Greek governments. Corfu was a well thought of example of 
fortification engineering, and it proved its worth through practical warfare. Corfu has its specific 
identity, which is reflected in the design of its system of fortification and in its neo-classical 
building stock. As such, it can be placed alongside other major Mediterranean fortified port cities.  
The overall case study refers to the promotion and management of the Old Town of Corfu. In order 
to achieve this, it was deemed necessary to clarify the physical and technical boundaries of the city. 
The initial step was to identify historically the reasons and ways that shaped these boundaries. As 
mentioned above, the two fortresses played a major role. Therefore, in order to carry out the 
management study of the historic center, the complete geometric measurement of both fortresses 
must precede. 
In this case, a separate measurement of the characteristics of each of the castles was performed and 
deliverables were produced that can be used to extract information concerning both vector and 
illustrative derivatives. The method used was described in Chapter 4.  
For the Old fortress, a geodetic network of six points was created and measured using GNSS 
methodology, where ±1cm accuracy was obtained. Additionally, 40 more points, measured using 
classical geodetic methods, were used to capture all the necessary details. On the other hand, for the 
New fortress, the geodetic network had two and ten points, respectively, and same accuracy.  
An amount of 4700 points of detail (3700 in Old and 1000 in New fortress) were measured using 
total station, while the georeferencing of aerial data utilized 33 ground control points (GCPs), (18 in 
Old and 15 in New fortress). As a result, geometrically correct backgrounds were created for both 
castles (Figure 4-7) which include accurate information on exact location and altitude, and also 3D 
elevation models and a several orthophotos and photo-mosaics were produced in order to describe 
in the best way possible the current state of the fortresses. 

 
Figure 4. Vector background of Old fortress  
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Figure 5. Illustrative Background-Orthophoto of Old fortress  

 
 

 
Figure 6. Vector background of New fortress  
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Figure 7. Illustrative Background-Orthophoto of New fortress  

 
The steep and inaccessible boundaries of the fortresses emerged using orthophotos and overlapping 
objects or areas with great detail using terrestrial measurements. For example small details of the 
back side of the English Hospital inside the Old fortress (Figure 8), or the underground arcades in 
the New fortress (Figure 9), that are not recognizable in orthophotos.  

 
Figure 8. Details of the Old fortress that added using terrestrial measurements 
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Figure 9. Geodetic measurements for the underground paths in New fortress 

 
6. COMPARATIVE EVALUATION 
 
The process of creating backgrounds for a specific area also includes the comparison of the current 
mapping situation with corresponding previous studies. In this work, this process plays an important 
role because in addition to the geometric differences that may occur between the measurement 
moments, qualitative data can emerge about the history and methods used in previous times.  The 
results of this process are very important as they can indicate trends of improvement or 
deterioration of the structural and overall geometric conditions. 
The comparison stages include, initially, direct visual inspection to highlight statistically significant 
differences between backgrounds generated at different times. Once significant differences have 
been identified, a comprehensive litigation recognition and quantification procedure should be 
implemented. The procedure requires the modern and old backgrounds to be transformed into the 
same coordinate system in order to highlight the differences between them. After the transformation 
of the old backgrounds, the comparison is fairly simple (site to site comparison) and many indexes 
can be produced and utilized to describe the changes through time. 
The most recent documentation of the fortresses is from Ministry of Culture and Sports. The plans 
were produced in 2000, using aerial photographs. After the system transformation, a comparison 
between the plan and the new backgrounds, was made (Figure 10).  

 
Figure 10. Comparison in old (left) and new (right) fortress 
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The differences in the old fortress are up to 1m and in the new one up to 1.5m. There are additions 
concerning the coffee shop or the music school in the old one and the tourist cashier in the new one. 
 
7. CONCLUSIONS AND SUGGESTIONS  
 
The study of integrated management of historic centers is a modern occupation which is carried out 
in collaboration with many different types of engineers. Also the geometric documentation by using 
multisource data is a topic that has occupied a large part of the scientific community in recent years. 
In order to investigate and make any change, however, a complete picture of the current situation 
must be created. This process involves creating backgrounds for areas that sometimes exceed the 
size of the main study area. In order to carry out the process in the most accurate and beneficial 
way, the appropriate combination of modern supplied methodologies and measuring instruments 
should be used.  
In this paper a complete case study of the combination of different terrestrial and aerial 
methodologies is described. The scope of the paper is to illustrate the basic advantages and 
possibilities of each of the different methods in order to conclude about the proper use of them. 
Using aerial methods, such as UAVs, a detailed 3D model or orthophotos of the area can produced. 
The steep and high walls that are inaccessible or the qualitative characteristics such as the stages or 
the type of the road materials can be recognized. On the other hand, the terrestrial methodologies 
can measure the underway paths or areas with high vegetation that are not recognizable by photos. 
The combination of the methods provides high accuracy (±2-3cm) and both geometrical and 
qualitative information.   
According to the comparative evaluation, through the years, the state has taken care to improve the 
public spaces of the historic center and to highlight its fortresses. Tourist facilities and options 
within the forts have increased, while efforts are being made to increase traffic within them. In that 
way, their history can be revealed and recognized by tourists or residents. 
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