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Abstract 
The following article aims at presenting a new photogrammetric application for precision agriculture. Photogrammetry 
has been used for numerous engineering tasks and for the past decade the UAV photogrammetry, in particular, has 
proved to be applicable in the sphere of agriculture. Better techniques and solutions have been sought by scientists in 
order to improve yields, preserve the environment and therefore increase the potential of agriculture.  

The chosen study field has been monitored for the past two years. It regards a corn and rye fields, surrounded by grass 
and forests. The area is located in the west part of the Czech Republic, near the village of Vysoké Sedliště. The location 
has been chosen for its historical and archaeological significance as it was fortified in the past and numerous battles 
took place in the 17th century.  

The purpose of the study is to analyse the development of certain crops. It has been claimed by agronomists that there 
might be still water causing drainage to some crops.  

The survey was carried out by an Unmanned Aerial Vehicle (UAV) eBee by senseFly owned by the Department of 
Geomatics. The agricultural fields were mapped in April, June and July. The images were captured by multispectral 
and a thermal camera and later processed in Pix4Dmapper. The results of the study are calculated Digital Surface 
Model and index maps respectively for each month. 
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INTRODUCTION 

Precision agriculture (PA) technologies have developed over the past three decades to aid the plant agriculture. Their 
role in today’s agriculture is to provide an increasing amount of food and fuel for humankind. The increasing 
development must be done in an environmentally, economically sustainable way. (Tayor and Francis Group, 2016)  

The world depends heavily on fossil fuels, however, the accessible supplies are soon to be over. Moreover, the 
extraction of fossil fuels from beneath the earth’s surface brings carbon to the surface and into the atmosphere. More 
plant productions are needed to replace fossil fuels provide the raw materials for biofuels, chemical feedstock and 
natural fibres. Increasing such uses of plants, however, could consume agricultural resources that could contribute to 
food production. The best way to meet the production needs of the future is to use PA in combination with the best 
genetics, cultural practices, equipment and agronomic treatment to achieve the maximum production. (Tayor and 
Francis Group, 2016) 

The necessity of new and modern agricultural techniques roots especially from the rapid world’s population growth. It 
is claimed that by 2050 the world’s population will increase to 9 billion people.  (Roser & Ortiz-Ospina, 2013) That 
statistic leads to problems concerning feeding the population. These issues could be tackled by making PA techniques 
more available and implementing other technical spheres into agriculture. 

The unmanned aerial vehicles (UAV) are of a great importance as they could aid farmers to deal with their everyday 
tasks in a more advanced way that they could rely on. Researchers like (Nebiker & Lack, 2016) deal with questions 
whether the expensive high-end sensors are better than the low-cost ones and whether UAV-based multispectral remote 
sensing (RS) is suitable for yield estimation and plant disease detection. They arrive at the conclusion that UAV-based 
sensors are very promising for a number of reasons: high spatial resolution, cost-effectiveness, no need for ground-
based spectral measurements. 
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But what exactly is precision agriculture? There are many definitions depending on the used state-of-the-art. The 
European Parliament (EP) states in the following document (European Parliament, 2014) that PA is a whole-farm 
management approach using information technology, satellite positioning (GNSS), remote sensing and proximal data 
gathering. Moreover, PA is a farming management concept based upon observing, measuring and responding to inter 
and intra-field variability in crops. The goals of which are increasing the yields and profitability of the productions. 
With the rapid technological development and the advent of numerous sensors, the implementation of intelligent or 
precision farming processes has become more accessible. Not only crop monitoring should be important to farmers 
nowadays but also the sustainable usage of chemical products like fertilizers, herbicides and pesticides which could 
bring about serious environmental problems to nature. 

Other definition of PA could be that it is a combination of methodology and technology according to (Schmaltz, 2017). 
This could only mean a deep collaboration between professions from agronomists though economist to engineers.  

The research team has big experience in using modern photogrammetric techniques in numerous spheres. Since 2016, 
the Department of Geomatics is working many projects, one of them is an archaeological survey in the area of interest. 
Parallel to that study, we have decided to apply similar photogrammetric techniques in order to study the area from an 
agricultural point of view. Moreover, we would like to increase the potential of UAV photogrammetry for agricultural 
purposes. 

AREA OF INTEREST 

The location which the research group monitored is situated in the west part of the Czech Republic, northwest from the 
Vysoké Sedliště village in the region of the city of Plána. The location has been chosen as it is a part of an 
archaeological survey due to its big historical background. In the past, it was densely fortified and numerous battles 
took place during the 17th century.  

There are two main crops being cultivated near Vysoké Sedliště – corn and rye. The surrounding territories are mostly 
covered with grass and there are forests to the south.  

 

Figure 1. The area of interest is situated nearby the village of Vysoké Sedliště. Source: www.mapy.cz 

DEVELOPMENT AND SCOPE OF THE RESEARCH 

The current study began in 2016 at the Department of Geomatics, CTU in Prague (Department of Geomatics, Faculty of 
Civil Engineering, CTU in Prague, 2018), primarily because of its archaeological significance. Later, in 2017 a master 
thesis was defended dealing with different classification methods of the area of interest. One academic article has been 
published analysing only partially the land cover by UAV mapping from 2017 (Šedina, Housarová, & Raeva, 2017). 

Not only was the archaeological study important for analysis, but also the development of crops in what used be a 
fortified region. Some of our goals were to analyse water-stressed parts and what might have caused them. However, in 
this article, only the development of one agricultural field has been analyzed. The study took another level, as the main 
author is doing a research in precision agriculture. That is why the main goal of the study nowadays is the development 
of agricultural crops and their mapping with UAV photogrammetry. In the following article, an analysis of the crop area 
from mapping in 2017 will be presented.  
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UNMANNED AERIAL SYSTEM (UAS) 

The area of interest was mapped three times during 2017 – April, June, July. The photogrammetric flights were 
provided by the fixed-wing autonomous drone eBee by senseFly. The unmanned aerial system consists of three parts – 
software for flight planning eMotion v.2, an autonomous fixed-wing drone eBee and a software for post-processing 
PostFlight Terra3D. The last is a production by the company Pix4D. The whole UAS is part of the equipment of the 
Department of Geomatics where the research took place.  

From a photogrammetric point of view, a fixed-wing drone is recommended for mapping arable lands as it provides 
with autonomous flights to a pre-set flight plan where the lateral and longitudinal overlaps are recommended to be 85%. 
This value is, of course, higher than the theoretical ones – 80% longitudinal and 60% lateral – as for UAV 
photogrammetry a bigger overlap is needed in order to general bigger number of keypoints between the overlapping 
images. 

 

Figure 2. For the study purposes, the fixed-wing drone eBee was used by senseFly. Source: www.sensefly.com  

Multispectral camera  

The multispectral imagery was provided by the senseFly multispectral camera – multiSPEC 4c. This is a professional 
camera, featuring four sensors which can detect a certain region of the electromagnetic spectrum. The multiSPEC 4c 
captures images in the following parts of the spectrum: Green, Red, Red edge and Near Infrared (NIR). It is mainly 
applicable for archaeological and agricultural projects. 

The multispectral camera is able to capture reflectance data at a wide range of light intensity levels due to its irradiance 
sensor and its pre-flight calibration parameters. It is equipped with a radiometric calibration target for calibrating the 
imagery. 

The pre-flight preparation of the camera is of a paramount importance for the quality and calibration of the data and 
later for creating reflectance maps and calculating vegetation indices (VI). That is why the pre-flight software eMotion 
is an inseparable part of the multiSPEC 4C calibration.  

 

 

 

 

 

 

 

Figure 3. Multispectral camera multiSPEC 4c and its spectral characteristics. Source: (senseFly, 2010-2014)  
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Table 1. Camera parameters of multiSPEC 4C 

Sensors 4 x 1/3’’ 

Image Size 4 x 1.2MP 

Max f f/1.8 

Output Formats 4-page 10-bit TIFF 

Weight Approx. 160g 

 

Thermal camera  

The thermal imagery was provided by the senseFly thermoMAP camera. It is a thermal infrared camera, featuring an 
integrated shutter for in-flight radiometric calibration. This camera enables capturing video footage and still, images, 
therefore, enable the creation of thermal maps for water distribution analysis of irrigation lands. 

 

 

Figure 4. Thermal camera thermoMAP and its spectral characteristics. Source: (senseFly, 2017) 

Figure 5. Wavelength response. Source: (senseFly, 2017) 
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Table 2. Camera parameters of thermoMAP 

Resolution 640 x 512 pix 

Ground resolution at 75m AGL* 14cm/pix 

Scene temperature -40oc to 160oc 

Temperature resolution 0.1oC 

Temperature calibration Automatic, in-flight 

Output formats TIFF + MP4 video 

Weight Approx. 134g 

Operating Altitude 75-150m 

*AGL – Above Ground Level 

Table 3. Comparison between the multispectral and thermal camera. Source: (Nebiker & Lack, 2016) 

Sensor  multiSPEC 4c ThermoMAP 

Pixels per sensor 4 sensors, 0.4MP 0.3MP (640 x 512) 

Sensor size [mm] 4.51 x 2.88 10.88 x 8.70 

Pixel size [µm] 3.75 17.0 

GSD at 100m AGL* 20cm 18.5cm 

Spectral channels 
G (550±20), R (660±20), RE (735±5), 

NIR (790±20) 7.000 ÷16.000 

*AGL – Above Ground Level 

SOFTWARE SOLUTIONS 

The photogrammetric processing was done in Pix4Dmapper which was at the research team disposal at the Laboratory 
of Photogrammetry at the Department of Geomatics. 

FIELD WORK 

In the following paper, three datasets will be analysed as three photogrammetric flights were done in the months April, 
June and July. That means that three multispectral and three thermal datasets were captured.  

In order to obtain absolute reflectance measurements from images, prior to each multispectral flight, a calibration has 
been carried out. For a successful calibration, the lighting conditions for both the camera’s irradiance sensor and 
calibration target must be the same as the lighting conditions the drone will map the area of interest. 
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Figure 6. The radiometric calibration target used for calibration the multispectral camera. Photo: Paulina Raeva 

The camera calibration basically consists of capturing a few images of the calibration target (Figure 6.). It is essential to 
put the target on a flat surface and hold the drone with the camera at a minimum height of 50cm above the ground. 
During the fieldwork, the possibility of covering the target with a shadow has been minimalized.  

Basically, the radiometric calibration target is a white balance card providing with information about the reflectance 
properties of the target across the electromagnetic spectrum captured by the camera.  (Pix4D, 2018) 

Table 4. Number of images per each flight and the achieved Ground Sampling Distance (GSD) 

MULTISPECTRAL IMAGERY 

 Number of Images 
GSD [cm] Mapped Area [km2] 

DD/MM/YY Captured Oriented 

9/04/2017 1116 1084 16.87 1.07 

9/06/2017 1120 1084 16.61 1.03 

13/07/2017 1108 1092 16.64 1.01 

 

Table 5. Number of images per each flight and the achieved Ground Sampling Distance (GSD) 

THERMAL IMAGERY 

 Number of Images 
GSD [cm] Mapped Area [km2] 

DD/MM/YY Captured Oriented 

9/04/2017 618 605 20.99 0.78 

9/06/2017 661 640 21.50 0.89 

13/07/2017 1312 1314 21.71 0.74 
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IMAGE PROCESSING 

The post-processing took place in the Pix4D mapper software. The first step of the process is an image orientation 
based on the overlap between the images and the internal and external orientation. All images have a geotag as the eBee 
provides with a GPS on board. All three multispectral datasets were processed according to a customized template. The 
same applies also to the thermal datasets. 

Digital Surface Model and Reflectance Maps Creation 

• Digital Surface Model (DSM) 

The DSM was computed according to each dataset’s GSD (Ground Sampling Distance). Two kinds of filters were 
applied: Noise Filter and Surface Smoothing. 

• Orthomosaic 

The orthomosaic is computed based on the DSM with the resolution of the image processing which is the value of the 
GSD. Basically, four different orthomosaics have been created for a band of the multispectral datasets and one 
orthophoto mosaic for the thermal datasets.  

• Image calibration for multispectral imagery 

Having accomplished a calibration process in the field enables the used software to calibrate and correct the images’ 
reflectance according to the valued given by the calibration target. The illumination conditions at the specific date, time 
and location of the image could be taken into consideration. (Pix4D, 2018) In our particular case, the type of calibration 
used is Camera and Sun Irradiance. 

Based on the image calibration four reflectance maps (RM) have been created, each for every band – Green, Red, Red 
Edge and NIR. The reflectance map is created based on the DSM as well as the orthomosaic but the difference between 
the two is that the reflectance map is radiometrically corrected whereas is orthomosaic is geometrically corrected. The 
RM is created mainly with a multispectral or thermal input imagery. The goal of creating an RM is to properly compute 
the reflectance from each band for a particular image feature based on a pixel value in the images. Thee pixel values are 
influenced by incoming light to the sensor, ISO, aperture, shutter speed, etc.  

• Multispectral Index Maps 

In order to create an index map, the reflectance maps must have been created. Basically, the index map is based on the 
reflectance values from each band. For the multispectral imagery, three different vegetation indices have been applied: 
NDVI, GNDVI and Red Edge. 

The Normalized Difference Vegetation Index was introduced by Rouse as part of his works from 1973 and 1974  
(Bannari, Morin, & Bonn, 1995). His computations were based on the Landsat channels. Nowadays, this is the most 
famous and used vegetation index which formula is the following: 

 

NIR RED
NDVI

NIR RED
−

=
+

 (1) 

 
From a mathematical point of view, the values computed according to formula (1) will always be in the interval 
between [-1; +1].  

The results from the NDVI computation are shown in Table 6. 

Moreover, in the following study was computed the Green Normalized Difference Vegetation Index. It is an index of 
the plant’s greenness which is connected with its photosynthetic activity. GNDVI usually has smaller values than NDVI 
but is really important for monitoring of irrigation processes.  (Aerial Ag Imagery, 2018) The GNDVI formula is the 
following:  
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NIR Green
GNDVI

NIR Green
−

=
+

 (2) 

 
The results from the GNDVI computation are shown in Table 7. 

The last index which was calculated is the Normalized Red Edge Index (NDRE). This index is used for detecting a 
disturbance in the plant structure. Basically, Red Edge is this part of the spectrum between the red and near-infrared part 
where a rapid change in vegetation reflectance is observed. It is suitable for early stress detection. The computation 
formula of NDRE is the following: 

 
NIR RE

NDRE
NIR RE

−
=

+
 (3) 

 
The results from the Red Edge Index computation are shown in Table 8. 

• Thermal Index Maps 

The thermal index maps are again based on the reflectance map which was created prior to the thermal index 
computation. The thermal reflectance map consists of pixels which carry information about the length electromagnetic 
waves. According to Figure. 5  the thermal wavelengths are longer but weaker than the wavelengths captured by 
multiSPEC 4c. A thermal index was applied to the three thermal datasets which turn the pixel values into temperature 
values. The formula is the following: 

 
[ ] 0.01* . 100oTemp C ref value= −  (4) 

 
Formula (4) computes temperature values in Celsius. The results from the thermal index computation are shown in 
Table 9. 

In order to present the index values in a more readable way, a classification has been done. The chosen classification is 
Jenks natural breaks with 32 classes. This classification method is a data clustering method which goal is to determine 
the best distribution of values into different classes. This is accomplished by seeking to minimize each class’s average 
deviation from the class mean while minimizing each class’s deviation from the means of the other group.  (Wikipedia, 
2017) 

The authors think that the more classes there are, the more representative the map is. But from a precision agricultural 
point of view 4-5 classes could be enough.  More analysis is available in the discussion part. 

For visual comparison between the results from the index maps, only the NDVI and thermal index maps are shown. 
Graphically the results from NDVI and GNDVI maps are similar.  

The NDVI and thermal maps from April 2017 are shown in Figures 7,8, from June 2017 – Figures 9, 10 and from July 
2017 – Figures 11, 12. 
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Figure 7. NDVI map based on multispectral imagery from April 2017 

Figure 8. Thermal map with the respective temperature scale in Celsius from April 2017 
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Figure 9. NDVI map based on multispectral imagery from June 2017 

Figure 10. Thermal map with the respective temperature scale in Celsius from June 2017 
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Figure 11. NDVI map based on multispectral imagery from July 2017 

 

Figure 12. Thermal map with the respective temperature scale in Celsius from July 2017 
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Table 6. NDVI values for each individual multispectral flight, their standard deviation, variation and hour at which the 
flight took place 

NDVI  Min. Average Max. σst.dev. Var. Hour 

9th April 
2017 

Multispectral 
data 0.37 0.76 0.93 0.05 0.00 15:00h 

9th June 
2017 

Multispectral 
data 0.10 0.57 0.91 0.10 0.01 12:00h 

13th July 
2017 

Multispectral 
data 0.29 0.78 0.92 0.08 0.01 15:00h 

 

Table 7. GNDVI values for each individual multispectral flight, their standard deviation, variation and hour at which 
the flight took place 

GNDVI  Min. Average Max. σst.dev. Var. Hour 

9th April 
2017 

Multispectral 
data 0.50 0.72 0.84 0.03 0.00 15:00h 

9th June 
2017 

Multispectral 
data 0.36 0.55 0.81 0.05 0.00 12:00h 

13th July 
2017 

Multispectral 
data 0.42 0.68 0.82 0.06 0.00 15:00h 

 

Table 8. Red Edge values for each individual multispectral flight, their standard deviation, variation and hour at which 
the flight took place 

RE  Min. Average Max. σst.dev. Var. Hour 

9th April 
2017 

Multispectral 
data -0.66 0.17 0.74 0.09 0.01 15:00h 

9th June 
2017 

Multispectral 
data -0.31 -0.06 0.69 0.08 0.01 12:00h 

13th July 
2017 

Multispectral 
data -0.97 -0.45 -0.02 0.13 0.02 15:00h 

 

Table 9. Temperature values for each individual thermal flight, standard deviation, variation and hour at which the 
flight took place 

Temperature  Min. Average Max. σst.dev. Var. Hour 

9th April 
2017 Thermal data 12.98 17.55 20.77 0.82 0.67 15:30h 

9th June 2017 Thermal data 25.14 31.93 39.60 1.94 3.76 12:30h 

13th July 
2017 Thermal data 14.22 20.09 26.38 1.42 2.02 15:20h 
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RESULTS AND DISCUSSION 

The results from the study are presented as index maps from each flight. From the three multispectral flight, three 
different index maps have been created – NDVI, GNDVI and NDRE. The results from the GNDVI and NDRE are 
shown in numbers in Tables 8,9. In the graphical part, only the NDVI maps are shown. From the three thermal flights, 
three thermal maps have been created.  

Despite not having it as a goal in that study, the authors have noticed an unreasonable development of the indexes from 
the three months. The logical way, considering the geographic location, is to have increasing temperature and index 
values. We have noticed that the flight from April and July happen around 15 o’clock in the afternoon. The flight from 
June was done practically at noon. Surprising as the may seem, all index values from June are lower than these in April. 
We consider as the next part of our study to take into account the illumination as it might have a significant effect on the 
reflectance values. Another reason for the lower values could be the GSD achieved – 21cm. The GSD from April and 
July is only 17cm.  

From the graphical material, it is noticeable that the NDVI and thermal values are related. In June 2017 the parts with 
low NDVI values around 0.2 – 0.3 are also the parts with high temperature. Basically, the thermal maps show not only 
the temperature but also indicate dry or wet surface. Meaning, the low temperature is an indicator for a wet surface. In 
July, we could notice the very similar relation between the NDVI values and the temperature. Once more, the parts with 
low NDVI values are also the parts with high temperature. This relationship between the NDVI and thermal values 
could mean that either the plants are stressed and already dry or that the plants are really sparse. In such cases, a field 
check is needed.  

 

Figure 13. Comparison between the NDVI and GNDVI values from April, June and July 2017. It is noticeable that the 
June data has the lowest values could be even problematic as stated in the results. 

Similar UAV mapping could be done whenever and wherever the agronomists need. The current study shows a great 
potential for using UAV photogrammetry for agronomic purposes. A UAV flight takes of a similar study area takes up 
to 15-20 min. The post-processing could take up to 2 hours. All of these facts mean that in less than 3 hours an 
agronomist could have a relevant information of their land and potential problems to be solved. As in this particular 
case, we have indicated a spot in the field which persisted dry for two months. In that way, a specialist has a purposeful 
idea of which place to check as soon as possible. Moreover, the presented analysis is based on part of the invisible 
electromagnetic spectrum, meaning that even of the agronomists have the physical time to inspect their field in person, 
they may not be able to detect the potential problems. On the other hand, agronomical tests in laboratories could take up 
to two weeks. 

In order to have a more representative index maps, the authors have decided to use more 32 classes in their 
classification. In reality, of this index information is needed to be imported in a tractor, it is advisable to use other 
classification methods in order to calculate the chemical products. These methods could be a classification by either 
equal area or equal division of the index values between minimum and maximum. 
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