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 Unmanned Aerial Vehicles (UAVs) are more advantageous than traditional methods in terms 
of high-resolution imaging, low cost, and time. With the thermal camera placed on the UAV, 
the temperature reflectance values of large areas can be obtained more easily. This study 
produced a detailed thermal index map showing the potential of this approach with the 
preliminary applications using DJI Mavic 3 Pro T UAV at Harran University Osmanbey campus. 
Thermal index maps can be used to identify areas with different thermal properties and to 
detect environmental changes. Since the processing of thermal photographs does not yet allow 
for map production in terms of software, these images are processed with remote sensing and 
photogrammetric methods to obtain a thermal index map. This approach can also be used in 
many areas, such as urban planning, building energy efficiency assessments, and agriculture. 
This study investigated the effectiveness of UAVs with thermal cameras for mapping activities 
and many different application potentials, and preliminary results of thermal index map 
production studies conducted at Harran University Osmanbey campus were presented.   

 
 
 
 

1. Introduction  
 

The increasing focus on sustainable development and 
climate protection highlights the important role of cities 
in promoting energy efficiency and empowerment 
strategies. To achieve these goals, it is necessary to 
determine and analyze the thermal quality of existing 
structures, especially at the regional scale. The New 
Urban Agenda, announced by the United Nations in 2016, 
highlights the key role of cities in promoting sustainable 
development and climate protection in the building 
sector (UN, 2017). 

Classical thermography studies examining the 
thermal conditions of large areas use handheld cameras 
at eye level to obtain high-quality thermographic images 
(Lucchi, 2018). However, terrestrial thermography 
cameras provide disadvantages in terms of time and cost 
in cases where many buildings at various heights and 
large areas need to be studied. In addition, components 
of buildings, such as roofs and upper floors, cannot be 
perceived by terrestrial methods. 

Aerial photogrammetry allows us to create digital 
products in a short time. (Alptekin, A., & Yakar, M. 
(2021)Unmanned Aerial Vehicles (UAVs) have become 
practical imaging tools that have recently become 

widespread and used in many studies.( Yakar, M., & 
Doğan, Y. (2017), Alptekin, A., & Yakar, M. 
(2020).Advances in unmanned aerial vehicle (UAV) 
technologies have made it easier to model engineering 
projects Alptekin, A. & Yakar, M. (2020).In many projects 
The orthophoto of the region was created by unmanned 
aerial vehicle( Kusak et all. 2021, Yakar, M., & Doğan, Y. 
(2017). The UAV photogrammetry method was used to 
create the 3D point data and solid model (Karatas, et. al. 
2022, Yakar, M., & Kocaman, (2018). 

 UAVs, which have found their place in many areas of 
use in the recent past, are also successfully used in 
ground observation applications, including energy 
transmission lines (Hartmut et al., 2020), gas and oil 
pipelines (Rathinam et al., 2005), agriculture 
(Honkavaara et al., 2013) and bridges (Metni and Hamel, 
2007). Thanks to their small size, multi-rotor UAVs can 
move freely in the air, be easily controlled, and be easily 
used in many places. In addition, different sensors placed 
on the UAV allow more information to be collected. 
(Alptekin et al., 2019, Kanun et al., 2021, Şasi and Yakar 
(2017).  While systems such as GPS and IMU placed in the 
UAV system ensure the correct positioning of the data 
obtained from the UAV, data in different formats can be 
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collected thanks to the red, green, and blue camera 
(RGB), multispectral sensors, and thermal sensors. 

Although various kinds of research are trying to 
determine the thermal values in large areas and building 
inspections (Vollmer and Möllmann, 2010) through 
thermal UAV images, there are gaps in the literature 
regarding the processing of thermal UAV data. This study 
created a detailed thermal index map showing the 
potential of thermal UAV data by making a sample 
application at Harran University Osmanbey campus. In 
order to determine the areas with different thermal 
properties and to detect environmental changes, the 
thermal data obtained from the UAV data were evaluated 
by remote sensing and photogrammetry methods, and a 
thermal index map was created.  
 

2. Method and Application 
 

DJI Mavic 3 Pro T was equipped with a thermal 
camera to determine the temperature difference on 
different surfaces, such as water, vegetation, shade, and 
soil in the study area. Before the aerial inspection, a 
visual survey was performed to determine flight height 
relative to observed building heights to plan a crash-safe 
flight mission. The mission was carried out as a planned 
flight with the help of Pix4D Capture software. The 
measurement was done at 10:00 on 15 May 2023 in one 
go. The aerial survey was conducted with a UAV 
equipped with a thermal and RGB camera that captured 
4682 images (2341 thermal and 2341 RGB images). The 
flight altitude was 40 meters from the take-off point, and 
the overlap rate was 90%. The area of 4.8 hectares was 
measured in approximately 35 minutes. Although there 
is a temperature scale on the photographs taken from 
UAV, images can be exported in 0-255 radiometric scale. 
In order to transfer the temperature values read from the 
photographs to the orthophoto, the minimum, and 
maximum temperature values were determined using an 
experimental method. A radiometric scale from 0-255 
was converted to minimum and maximum temperature 
values with linear contrast stretch. As a result of the 
study, the values obtained from the orthomosaic and the 
values obtained from the source photographs were 
compared. The flow chart of the study is given in Figure 
1. 

 
3. Results and Discussion 
 

RGB and thermal data obtained from the UAV flight 
were used to examine the temperature reflectance values 
of areas with different characteristics on the campus. 
First, orthomosaic was produced by the 
photogrammetric process (Figure 2). 

 

Although there is a temperature scale on the photos 
taken from UAV, images can be exported in 0-255 
radiometric scale. For this reason, the temperature 
information cannot be read on the produced 
orthomosaic. In order to eliminate this uncertainty, the 
minimum and maximum temperature values in the 
orthomosaic were determined with samples taken from 
different points in the orthomosaic. For this, the 
minimum (16.9 °C) and maximum (52.7 °C) temperature 
values in the study area were determined empirically via 
DJI Thermal Analysis Tool. 0-255 values were converted 
to 16.9-52.7 values by applying linear contrast stretch. In 
order to determine the difference between the 
temperature information read on the orthomosaic and 
the temperature information read on the photo, samples 
from the green area, water, and shadow areas were 
compared (Table 1). The temperature values in the 
orthomosaic were determined from the ENVI software, 
and the temperature values on the photo were 
determined from the DJI Thermal Analysis Tool. 

When Table 1 is examined, it is seen that the 
temperature difference is higher on the water surfaces. 
The temperature difference between the two data in the 
green area is the least. Reflection, sun exposure time, and 
angle will affect the results. 

 
 

 
Figure 1. Workflow 

 

 
Table 1. Orthomosaic and photographic temperature differences on different surface types 

Surface Type Temperature value in orthomosaic (°C) Temperature value in the photo (°C) Difference (°C) 
Water (Lake) 19,8 21,2 1,4 
Vegetation 20,2 20,3 0,1 
Shadow 19,8 19,0 0,8 

 



6th Intercontinental Geoinformation Days (IGD) – 13-14 June 2023 – Baku, Azerbaijan 

 

  136  

 

 

 

a b 

  
c d 

 
   Figure 2. a) Point cloud, b) Dense point cloud, c) Digital Elevation Model, d) Orthomosaic 

 
 

4. Conclusion  
 

This study presents a method and application 
example for generating thermal index maps from UAV 
data with the thermal camera. It is unknown whether the 
negative aspects of the method used in the study are the 
same as the point determined on orthomosaic and the 
photo point used in orthomosaic production. In addition, 
among the study's shortcomings, it was not determined 
how much the photo shooting hours would affect the 
temperature. In future studies, the data obtained at 
different times of the day will be compared on different 
surface types, and a more comprehensive analysis will be 
carried out. 
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