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1. Introduction
The activities and the approaches described in this work are carried out in the frame of the current 
European LIFE project AGROWETLANDS II (Principal Investigator: M. Speranza, University of Bologna). 
This multidisciplinary project aims at the integration of multi-source data, to provide a valuable support for 
>���Ài�ivwV�i�Ì�>�`�ÃÕÃÌ>��>L�i��>�>}i�i�Ì��v�ÌiÀÀ�Ì�À�>�� ÀiÃ�ÕÀViÃ]�Ì�À�Õ}��>�� ����Û>Ì�Ûi�>««À�>V��Ì��
precision farming.
The implementation of a smart irrigation management system is a central task of AGROWETLANDS II. A pilot 
system is operational in a study area located close to the Northern coast of the Adriatic Sea, in the Ravenna 
province (Italy). It is a farming area affected by soil and groundwater salinization, due to the ingression 
of sea water. The permanent monitoring network records several parameters for the weather, soil and 
groundwater. The expected results of the project include: a mitigation in the soil salinity, an improvement in 
the productivity of the crops, a reduction of the environmental impact and the implementation of a decision 
support system (DSS), which is able to advise farmers on the management of their agricultural activities (LIFE 
AGROWETLANDS II, 2019).
In fact, one of the main goals of the project is to reduce the water use for crop production and to ensure a 
ÃÕÃÌ>��>L�i�Ü>ÌiÀ��>�>}i�i�Ì�v�À�>��ivwV�i�Ì�>}À�VÕ�ÌÕÀ>��«À�`ÕVÌ���°�����À`iÀ�Ì��>V��iÛi�Ã�}��wV>�Ì�ÀiÃÕ�ÌÃ�
in precision farming and water management, an accurate survey is needed to create precise numerical 
models which are the necessary base for each subsequent analysis.

2. Materials and methods
Several geomatic techniques were adopted at different scales of survey in the project area: satellite, aerial, 
1Ƃ6�>�`�ÌiÀÀiÃÌÀ�>�°�ƂÃ�>�wÀÃÌ�ÃÌi«]�>�Ã��}�i�>�`�V��Ì��Õ�ÕÃ���}�Ì>���iÛ>Ì������`i�� ��®�Ü�Ì��£��iÌiÀ�
spatial-resolution was produced, covering the whole area of the project, integrating data obtained from 
airborne laser scanner survey (ALS LIDAR) and data obtained from bathymetric survey along the coastline.
Furthermore, in order to detect the elevation of piezometers in the study area with a greater accuracy, a 
levelling campaign was planned. The survey was carried out through the combined use of geodetic GNSS 
receivers, total stations, and levels, and provided the orthometric height of each piezometer, enabling 
accurate analyses for the water level. The DEM was used to perform an analysis of the salt contamination in 
the area, based on the creation of a three-dimensional stratigraphic model (Lamberti et al., 2018).
Multidisciplinary teams working for the project contributed to the acquisition of heterogeneous geographical 
data. Each dataset collected was imported in a comprehensive GIS. The resulting database is described in 
the following chapter.
In the perspective of a high frequency monitoring of the crop status for the entire project area, an analysis 
was carried out to identify the most suitable multispectral data acquisition solution. The availability of free 
satellite data with high temporal resolution was the optimal and cost-effective solution compared to an 
>iÀ�>���ÛiÀy�}�Ì°�
����À`iÀ�Ì��>V��iÛi�Ì�i�`iÃ�Ài`�ÀiÃÕ�Ì]�Ì�i�Ãi�Ã�À�>�`�>VµÕ�Ã�Ì����Ã«iV�wV>Ì���Ã��v�Ì�i��Õ�Ì�Ã«iVÌÀ>��Ã>Ìi���ÌiÃ�
covering the project area were reviewed. The goal was to identify the time and period of acquisition of the 
images that are suitable for the computation of relevant vegetation indexes. In a preliminary analysis, both 
Copernicus Sentinel-2 and USGS Landsat 8 were considered as input for multispectral data processing. 
Sentinel-2 was preferred for the better spatio-temporal resolution (5 days combining both Sentinel-2A and 
Sentinel-2B acquired data).
A series of thermal surveys to further assess crop health is ongoing at the time of writing. Previous experiences 
V��wÀ�i`�Ì�i�«�ÃÃ�L���ÌÞ�Ì���`i�Ì�vÞ�Ã«>Ì�>��Û>À�>Ì�������VÀ�«�Ü>ÌiÀ�ÃÌÀiÃÃ�vÀ���Ì�iÀ�>��Ài��Ìi�Ãi�Ã��}�/�����}�
et al., 2007). Moreover, in a comprehensive review was found out that visible and near-infrared wavelengths 
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were widely used for the computation of soil properties, while mid-infrared and thermal-infrared regions 
ÜiÀi��iÃÃ�V������Þ�ÕÃi`�9Õvi�}�iÌ�>�°]�Óä££®°� iÛiÀÌ�i�iÃÃ]�ÀiVi�Ì�>Û>��>L���ÌÞ��v���}�iÀ�Ã«>Ì�>��ÀiÃ��ÕÌ����
thermal surveys from low-altitude UAV platforms may provide further possibilities to better understand and 
prevent soil and vegetation problems (Figure 1).
In this project, data will be acquired and processed both from satellite and UAV platforms, with different 
Ã«>Ì�>��ÀiÃ��ÕÌ���Ã�>�`�V�ÛiÀ>}iÃ°���À�Ì�i�1Ƃ6�ÃÕÀÛiÞÃ]�>�Ã�}��wV>�Ì�Ã>�«�i�>Ài>��v�x��iVÌ>ÀiÃ�Ã«Ài>`�>���}�
`�vviÀi�Ì�VÀ�«Ã�Ü>Ã��`i�Ì�wi`°
Ûi��v�À���Ü�>�Ì�ÌÕ`i�1Ƃ6�y�}�ÌÃ]�Ì�i�>Ì��Ã«�iÀ�V�ivviVÌÃ�>Ài�Ài�iÛ>�Ì�v�À�>��>VVÕÀ>Ìi�Ì�iÀ�>��ÃÕÀÛiÞ�	iÀ���iÌ�
>�°]�Óää�®°������ÃÌ�V>ÃiÃ��Ì��Ã�`�vwVÕ�Ì�Ì���LÌ>���>��>`iµÕ>Ìi�
model of the atmospheric conditions at the time of the 
y�}�Ì°� /�iÀiv�Ài]� ��� �À`iÀ� Ì�� >Û��`� iÝViÃÃ�Ûi� >VVÕÀ>VÞ�
losses, an approximate estimation of the atmospheric 
parameters is performed with data acquired from ground 
surveys of temperature and emissivity parameters (Bitelli 
et al., 2015; Mandanici et al., 2016). This is possible thanks 
to the meteorological data acquired continuously from the 
sensors of the permanent monitoring network displaced 
over the study area, integrated with further surface 
Ìi�«iÀ>ÌÕÀi��i>ÃÕÀi�i�Ì�>VµÕ�Ài`����wi�`�ÕÃ��}�Ã«iV�>��
targets easily detectable on the UAV imagery.
The thermal sensor used from the UAV platform was 
V>ÀivÕ��Þ�V��Ãi��}�Ûi��Ì�i�ÌiV���V>��Ã«iV�wV>Ì���Ã��ii`i`�
for this particular survey. The chosen sensor has the ability to 
capture and record calibrated temperature measurements 
for each pixel, with a resolution of 0.3 megapixel (640 rows 
>�`�x£Ó�V��Õ��Ã����Ì�i�À>ÃÌiÀ��ÕÌ«ÕÌ®°�/�i�y�}�Ì�«>À>�iÌiÀÃ�
in the planning of the UAV survey were computed given 
Ì�i�wi�`�Ã�âi]� Ì�i� v�V>�� �i�}Ì���v� Ì�i�V>�iÀ>]� Ì�i�Ãi�Ã�À�
size and the desired Ground Sample Distance (GSD) of 
0.15 meters. Custom thermal targets to be used as Ground 
Control Point (GCP) were created using aluminum foils in 
order to make them visible from 
Ì�i� 1Ƃ6� «�>Ìv�À�� Ü�Ì�� ÃÕvwV�i�Ì�
temperature contrast and an 
appropriate size compared to the 
GSD (Figure 2).
The parameters for an automated 
1Ƃ6� y�}�Ì� �ÛiÀ� Ì�i� x� �iVÌ>ÀiÃ�
area were computed considering 
>�Ã��Ì�i�1Ƃ6�y�}�Ì�>ÕÌ����Þ�Ü�Ì��
Ì�i� ÃÕÀÛiÞ�«>Þ��>`� V��w}ÕÀ>Ì����
and the necessary overlap 
LiÌÜii�� ÃÕLÃiµÕi�Ì� y�}�Ì� ���iÃ°�
The placement of GCPs was 
particularly challenging due to the 
farming activities to be carried out 
��� Ì�i�wi�`Ã°�/�i� ����Ìi`��Õ�LiÀ�
of stable natural or manmade 
surfaces offered only a few 
possibilities to identify permanent 
reference points, measured with 
RTK GNSS, to be used as a target 
in the UAV survey (Figure 3).
/�i�1Ƃ6� y�}�ÌÃ� >Ài� ÃV�i`Õ�i`� Ì���>ÌV�� �>�`Ã>Ì� n� �ÛiÀ«>ÃÃiÃ°� �>�`Ã>Ì� n� Ã>Ìi���Ìi]� ��`ii`]� V>�� >VµÕ�Ài�
thermal data over the entire study area with its TIRS (Thermal Infrared Sensor). Thanks to the availability of 
satellite orbit information, it was possible to predict well in advance each satellite acquisition during the 
whole agricultural season.

Figure 1. The UAV platform and sensors used for the 
survey

Figure 2. Example of a thermal Ground Control Point 
(GCP)

Figure 3. Ground Control Points (in blue) placed over the 5 hectares UAV survey area 
(in red)
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3. Results and discussion
In the context of the project, currently in progress, all the outputs of the geomatic procedures and techniques 
described in the previous section was integrated in a unique database. This database was designed to serve 
as a common platform to share and combine all the heterogeneous geographical data, acquired for each 
different discipline involved in the project, encompassing the analysis of soil, climate, water and environment.
/�i�>����Ã�Ì��}>Ì�iÀ���v�À�>Ì����Ü�Ì����>�Õ��wi`�«�>Ìv�À�]�ÕÃ>L�i�v�À�vÕÀÌ�iÀ�>�>�ÞÃ�Ã°�/�i�`>Ì>L>Ãi�ÃÌÀÕVÌÕÀi�
is tuned to deliver data and metadata in compliance with the INSPIRE directive, using Free and Open-
Source Software (FOSS). Each thematic layer containing geographic information is appropriately added 
in a GIS environment and 
converted into a unique 
coordinate reference 
ÃÞÃÌi�� `iw�i`� v�À� Ì�i�
whole project (European 
Terrestrial Reference 
System 1989 in UTM zone 
33N) (Figure 4).
At the time of writing, 
a complete series of at 
least 30 multispectral 
images were acquired 
from Copernicus 
Sentinel-2 during the 
main agricultural season 
in 2018 with less than 10% 
cloud cover. NDVI was 
processed from the images 
providing straightforward 
information about health 
and phase of each crop 
(Figure 5). The same 
procedure will be repeated 
for 2019 season.

The UAV thermal survey 
is planned for the entire 
2019 agricultural season 
and is expected to provide 
Ì�i�wÀÃÌ� ÀiÃÕ�ÌÃ�>Ì� Ì�i�i�`�
of the summer. Among 
the interesting preliminary 
results, it is worthwhile to 
mention the complexity of 
the processing of accurate 
high-resolution thermal 
orthomosaics. In fact, 
it is a challenging task 
due to the low resolution 
of thermal sensors and 
their low dynamic range. 
Furthermore, some 
best practices were 
recently discussed for an 
automated generation of 
thermal orthomosaics with 
Structure from Motion 
techniques (Conte et al., 
2018) and are going to be 
adapted for the present 

Figure 4. Thematic map produced from the GIS database in the study area

Figure 5. NDVI change over the studied area during 2018 crop season, in a series of maps sorted 
KP�EJTQPQNQIKECN�QTFGT�HTQO�NGHV�VQ�TKIJV�CPF�HTQO�VQR�VQ�DQVVQO��CESWKTGF�HTQO�5GPVKPGN�*WD��
Sinergise Ltd
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>««��V>Ì���°�/�iÃi�>�`��Ì�iÀ�«À>VÌ�ViÃ�>Ài�Ì��Li�Ì>�i����Ì��>VV�Õ�Ì�̀ ÕÀ��}�Ì�i�i�Ì�Ài�Ü�À�y�Ü��v�Ì��Ã�«À��iVÌ]�
starting from the survey to the processing of thermal datasets.
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