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ABSTRACT 

Unmanned Aerial Vehicles (UAVs) are successfully used in many different fields such 

as military, forest fire, archaeological sites, agricultural applications, traffic control, 

radiation monitoring, natural disasters, urban management etc. At the same time, UAVs 

are extremely important tools for achieving accurate and up-to-date information quickly 

and economically. Today, UAVs can stay in the air for up to about 3.5 hours, and during 

this time they can take in aerial images that can produce ortho-images of an area of about 

15 square kilometers. All of these features make UAV the tool of professional land 

surveying and ortho-image production that is fast, accurate and easy to use.  

The most important basic component in Geographical Information Systems (GIS) is 

geographical data. UAVs which produces this data quickly and accurately, are one of the 

most important data collection methods. In recent years, it has been utilized effectively 

from the production of ortho-images used as basic data in GIS. In this study, the data 

obtained from the UAV at the study area of Cumhuriyet University Campus (Sivas city, 

Turkey) were evaluated with the photogrammetric data evaluation software Pix4D and 

the Digital Terrain Model (DTM) and ortho-images were produced. By interpreting these 

products, geographical layers such as buildings, electric poles, roads and manholes related 

to the campus were created on the GIS environment and the infrastructure of the Campus 

Information System (CIS) was established. Thus, a inquirable and analysable GIS-based 

system has been created to contribute to the management and planning activities to be 

carried out on the campus. As a result, UAV photogrammetry is a fast and easy to get 

economic geographical data for GIS-based studies, and is a tool for updating these 

systems in efficient times to provide effective and productive results and updates to 

information systems.  
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INTRODUCTION 

UAV systems developed so fast over the last decade, it is now placing classical 

photogrammetric and remote sensing methods efficiently. Not only they are used in strict 

applications, but also in a variety of fields like agricultural applications [15], surveillance 

missions [9], aerial monitoring [8], cultural heritage [11], cadastral [7] applications etc 

[19]. UAV systems have enabled easy, autonomous and low cost acquisition of aerial 
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photos. Researchers have worked on reliability of these systems for over a decade. Now, 

still with some issues they are used in a variety of fields as a first hand data acquisition 

systems. 

An UAV system usually consists of related payload, a ground control station for mission 

planning, real time navigation and communication link between station and vehicle [3]. 

They require no onboard pilot and can maintain a flight pattern above ground [12]. 

According to the size of the UAV, there are various launching methods like air, handheld, 

mechanical and autonomous. Technological improvements in Global Navigation Satellite 

Systems, digital cameras (pref. consumer digital camera types) allowed smaller UAV to 

be used in various applications. Eisenbess [5] and Blyenburgh [16] provided valuable 

reports about UAV classifications. Not only camera sensor are applied to UAV systems. 

There are also measurement devices like Light Detection and Ranging (LiDAR) scanners 

[14], Synthetic Aperture Radars (SAR) [10] that can be applied to UAV systems but due 

to their cost, weight and size, they remain challenging in most ways. 

 

 
Figure 1. UAV Payload [17] 

CIS of a university consists of geographical and non- geographical data of the study area. 

The main use of CIS is to store, query, analyze and present this data to the user with 

various formats (ie. Charts, reports, maps etc.) [2]. With the design of a CIS, personnel 

and facility management of a university and also creating plans for the future would be 

based on a real time based system that can be updated and analyzed at any time desired. 

There are a lot of previous works about CIS. Aydınoğlu & Yomralıoğlu [2] and Kahraman 
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et al. [6], published web based campus information systems in their studies. Asif & 

Krogstie [1], created a campus-wide information mobile system that provides user-centric 

information to students. 

In this study, it was aimed to create the infrastructure the CIS of Cumhuriyet University 

of Sivas Province, Turkey by integrating with GIS of data obtained from UAV. Thus, 

queries, spatial analyzes and documentations can be performed quickly and effectively 

on the CIS environment.  

 

MATERIALS AND METHODS 

The UAV flight mission consisted of 1170 images, also covered approx. 681 hectares. C 

Astral Bramor model UAV system was used in the study [18]. Nine Ground Control 

Points (GCPs) were used in georeferencing stage, Ground Sampling Distance (GSD) was 

set to 3.37 cm and a root mean square (RMS) error of 0.02 m for horizontal and 0.05 m 

for vertical was obtained. A detailed workflow of the study is given in Figure 2. 

 

 
Figure 2. Study Workflow 

Creating the infrastructure of CIS of the study area took around like 3 months. Flight 

session, GCP establishing and Production of Ortho-images and DTMs parts were 

completed in 15 days. Digitalization, non-geographical data gathering and the integration 

of geographical and non-geographical data stages were the most time consuming parts of 

the study, as it involves gathering data from administrative units, digitalization of the 

entire buildings with their room structures, roads etc., one-on-one integration between 

these data. 
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RESULTS AND DISCUSSION 

The ortho-image of the study area was produced via data obtained from UAV (Fig. 3).  

 

 
Figure 3. Orthoimage of the study area (Cumhuriyet University) 

After processing stage of the raw images, digitalization process of the campus was 

performed. This process aims to create vector data of the campus area based on the ortho-

images and DTM. Non-geographical data (ie. Personnel names, date of birth etc.) is then 

introduced to the CIS in order to make it available for queries and analyzes. This part is 

definitely the hardest part of this study. The UAV flight mission with its processing stage 

took about half a day. Digitalization of the campus, gathering administrative and 

educational data took months in order to be complete (Fig. 4 and Fig. 5). 
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Figure 4. CIS infrastructure for Cumhuriyet University 

 
Figure 5. Detailed structure of a building 
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Geographical data was digitalized from the ortho-image. Non-geographical data was 

prepared as tables in order to be put into geographical data to make the CIS ready for 

queries and analyzes. Some examples of tables can be seen in Fig. 6. Note that tables were 

prepared in Turkish language in order to be presented in the native language. Also, not 

all the fields but some examples’ text data is presented in the Fig. 6. 

 

 

 
Figure 6. Academician and Department tables 

A network dataset is constructed based on the road geographical data in the CIS. An 

example of shortest car path to a desired point in CIS is presented in Fig. 7. Note that, the 

closest routes are solved between 1st and 2nd, 3rd and 4th points. 
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Figure 7. The closest route between 1st and 2nd, 3rd and 4th points 

A handful of queries can be done in a CIS. By the help of “Selection” tab of ArcGIS 

software, every text-based data can be queried from geographical data located in the CIS. 

A small example of a room query is presented in Fig. 8. 

 

 
Figure 8. Room number queries with details 
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CONCLUSIONS 

If a CIS is supported by real time geographical and non-geographical information to be 

up-to-date, it can used to enhance the quality and integrity of administrative works, to 

select suitable locations for construction works (i.e. suitable location for a student 

residences/hostels in contrast to locate them closer to shopping places, educational 

buildings etc.), to create suitable road maps for a possible disaster evacuation scenario 

and etc. 

Nowadays, it is not enough to create the infrastructure of CIS. It will be highly utilized 

for users in case CIS is published on the web or mobile environment. Up-to-date and 

accurate geographical data is too important for CIS studies. UAV is one of the most 

effective and indispensable tool in terms of obtaining geographical data. Consequently, it 

is reveal that UAV is one of the most remarkable geographical data collection methods 

for GIS-based studies.  
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