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Abbreviations

CBEC Consorzio di Bonifica dell’Emilia Centrale

COVID COrona VIrus Disease

DDI DDI is a collective reference term that covers DNS, DHCP, and IPAM

DHCP Dynamic Host Configuration Protocol

DNS Domain Name System

HAT Hardware Attached on Top

ICT Information and Communication Technologies

IoT Internet of Things

IP Internet Protocol

IPAM IP Address Management

LAI Leaf area index

LAN Local Area Network

LoRa Long Range

LoRaWAN Long Range Wide Area Network

MATOPIBA Area in Brazil covering Maranhão, Tocantins, Piauí and Bahia states

MQTT Message Queuing Telemetry Transport

NDVI Normalised Difference Vegetation Index

SOC State of Charge

SSH Secure Shell (protocol)

VRI Variable Rate Irrigation

wsplug Weather Station plug (software)
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Executive Summary
The SWAMP project had four pilots with the following purposes: Pilot for water distribution for irrigation in
Reggio Emilia region in Italy, precision irrigation in semi-arid area in Cartagena, Spain, optimisation of wine
quality through precision irrigation in Guaspari, Brazil, and large-scale variable rate irrigation using central-
pivot system in MATOPIBA region in Brazil. All pilots were based on monitoring and estimating the water
needs of crops using IoT sensors, and planning irrigations based on those measurements in SWAMP
platform. The Italian pilot had multiple farms with shared open canal water distribution system, and the
optimisation of water distribution was the focus. User interfaces were mobile applications for farmers,
application for water distributor and web interfaces.

The precision irrigation focused pilots were based on the same FIWARE-based SWAMP platform that was
developed in the project. The water distribution pilot’s data collection and optimisation were implemented
using SEPA implementation that was connected to CBEC’s canal operation system.

In the Reggio Emilia pilot the complexity of the case study involves the presence of several subjects and
stakeholders operating on the pilot at the same time. Despite of that, the project succeeded in developing
an IoT-based data collection system that integrates data coming from several types of sensors located at
farms and canals, as well as data coming from third parties such as the regional service (weather data and
their forecast). Data were fed into SWAMP cloud platform and in some cases also integrated into the
mathematical models implemented on the platform. The autonomous drone survey was developed and
used for data collection, although the flights performed were not sufficient to fully achieve all the purposes
of the project. Some operational difficulties encountered, delays, and restrictions related to COVID-19
health care have been faced. Nevertheless, those factors have entailed some unavoidable changes to the
expected plans in the project (see also Appendix in Deliverable 5.6). The SWAMP system has been realized
and it is operational although, unfortunately, it was not possible to carry out the final global test due to the
COVID-19. In any case, the results obtained are evident and promising, and the developed simulations are
enough to measure the potential impact of the platform on water saving.

In the Cartagena pilot, the project succeeded in developing an IoT-based data collection system with three-
level soil moisture probes that collected soil moisture data from baby-leaf spinach’s root zone.  Data was
fed into SWAMP cloud platform and combined with collected weather data. We designed and implemented
IoT-controlled irrigation system components that turned manual sprinkler irrigation system into automated
precision irrigation system. The system was however never fully implemented in the pilot site due to
COVID-19. The Cartagena pilot also involved plans to use a drone as data collection system and for
monitoring the crop growth with multispectral camera.  The system was developed and tested, but flight
restrictions in the area prevented the use in actual pilot. After COVID prevented the field operations, the
possible impact of precision irrigation into water and energy consumption was studied with developed
simulations. Their results indicated possible 20-35% savings.

In the Guaspari pilot, the project succeeded in developing an IoT-based data collection system with three-
depth soil moisture capacitive probes that collected soil moisture and temperature data from vineyard
roots zone.  Data was fed into SWAMP cloud platform and combined with local weather data also collected
by the platform components. The existing irrigation control system was studied but there was no
opportunity to turn it into an automated precision irrigation system what could be done by means of an
API. The pilot was finished by desire of the farm owner before obtaining impact results of precision
irrigation over the wine quality.

In the MATOPIBA pilot, the same soil probe described for Guaspari pilot was used to provide data from
three annual crops roots zone: cotton, soybeans and corn.  Data was fed into SWAMP cloud platform and
combined with local weather data collected by the platform weather station. The pilot activities will
continue up to April 2021 through the RNP approved extension for the Brazilian institutions. The existing
irrigation control system is planned to be retrofitted for VRI what will allow to evaluate the energy
consumption savings and its impact over the production costs.
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1. Introduction
The SWAMP project has been an IoT pilot project with a focus in agriculture and irrigation water
management. We have developed an IoT and precision irrigation platform that is used in four pilots in Italy
(Reggio Emiliano), Spain (Cartagena), and Brazil (Guaspari and MATOPIBA). This deliverable D5.2 Pilot
Execution Report gives an overview on how these SWAMP pilots were executed, and the final user findings
related to each pilot.

The pilot execution report follows the timeline of actual pilots. As farming and irrigation pilots, the timeline
naturally depends on farming cycles that depend on climate and crop needs. The focus in pilots was,
however, the use of IoT. The development of IoT devices and the SWAMP platform had big impact on what
could be done in each phase. Therefore, the pilots were planned to have three distinct phases that were
the testing of IoT and communication systems, testing of application platform functionality, and measuring
of the impact of solutions. These phases were accompanied by IoT, platform, and application development.
The scope of the report is to describe what happened at each of the pilot sites, how IoT was used, and what
the essential findings in those phases were.

The report does not repeat the contents of earlier deliverables, i.e., D5.1 Pilot specification report and D5.3
Pilot infrastructure implementations that describe the details of plans and implementations of components
and systems. This deliverable is accompanied by deliverable D5.6 that covers evaluation and self-
assessment aspects of the pilots.

The structure of this deliverable is as follows: Chapter 2 describes the goals, phases, and results of the
Reggio Emilia pilot in Italy that focused on water distribution management. Chapter 3 describes the
precision irrigation pilot execution in Cartagena, Spain. Chapter 4 outlines the activities and results
achieved at the Guaspari Winery, in Brazil. Chapter 5 describes the activities in large-scale pilot with
central-pivot irrigation systems in MATOPIBA area, Brazil. In this pilot the work continues after the writing
of the report as it got a delayed start and was extended by RNP, Brazil. Chapter 6 gives a short summary.
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2. Reggio Emilia pilot
The Italian pilot covers an area of about 892 ha (320 ha of irrigated area) and is located between the
municipalities of Bagnolo and Correggio, near the city of Reggio Emilia, in the Emilia Romagna region. Two
vineyards and one pear orchard were selected as test areas, due to the importance of the crops in the
district. The pear orchard (44.790228 N, 10.735306 E) is equipped with a drip irrigation system, as well as
vineyard #1 (44.773230 N, 10.724442 E), while vineyard #2 (44.778264 N, 10.717606 E) is irrigated with an
above-canopy sprinkler system (Figure 1). Figure 1 also shows the district visualisation on the platform.

FIGURE 1 ITALIAN PILOT: WATER DISTRIBUTION SYSTEM, SELECTED CROPS AND DIFFERENT IRRIGATION SYSTEMS. PLATFORM
VISUALISATION.

2.1. Pilot Goal
The overall pilot target was to implement a smart system that optimizes the water distribution at farm and
network level. Specifically, SWAMP targets for the specific case of the Italian pilot can be identified
considering two distinct perspectives: farmers and water manager point of view. Referring to the farmer
level, Italian pilot goal was providing a better estimation of water needs, regarding both amounts of water
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and time of delivery, by means of the integration of a water balance model in a IoT infrastructure. At the
consortium level the management of the irrigation network can benefit the optimization of multiple water
requests ensured by the technological platform. The specific goals for each perspective are described next.

Overall goals to farmers:

1. Improvement of the water requirement evaluation by means of the integration in a water balance
model of field-based data (soil moisture, temperature, crops conditions), collected using smart
sensors.

2. Test of the SWAMP platform in different conditions in terms of crops and of irrigation systems.
3. Assessment of the SWAMP approach, by comparing the real situation following the farmer’s

agronomic practices with the one that follows the SWAMP irrigation advice.
4. Improved and easier interaction with water distribution manager for the planning and

management of the irrigation phases.

Overall goals to water manager (CBEC):

1. Efficient water network management based on an appropriate planning of the irrigation scheduling
for the farmers served by a given irrigation district.

2. Real time monitoring of the hydraulic water distribution infrastructures.
3. Reduction on water wastage.
4. Improved and easier interaction between the gatekeeper and farmers for the planning and

management of the irrigation phases.

2.2. Pilot phases and results
The Italian pilot was executed year by year through a series of different phases, with the aim of creating a
network of activities that today work almost all together. Crop season is from April to September every
year. A summary of the main field activities carried out during the project period is presented below.

October 2017 – October 2018 (1st year):

- Selection of the case study farm, introducing the farmer to the new precise irrigation techniques,
thanks to the consortium managers’ support; analysis of the selected farm area and related choice
of the three pilot fields.

- Study of the district channel network and related selection of the optimal instruments to be
installed.

- Geometry data collection and survey of hydraulic infrastructures
- Installation of the automatic gate at the district entrance
- Drone based data collection system for understanding field and crop behaviour.

October 2018 – October 2019 (2nd year):

- Detailed study of CRITERIA-1D model and offline simulations.
- Integration of CRITERIA-1D within the platform
- Integration of CBEC data within the platform (i.e., irrigation requests)
- Research about the different commercial sensors useful in the precision irrigation practice, related

choice, test, and installation of them.
- Start collecting data, starting drone and ground-based measurements.
- Identification of water level sensors and installation in the canals network.
- Hydraulic model development and initial calibration tests.

October 2019 – October 2020 (3rd year):

- Starting of a new drone and ground-based measurement campaign (February 2020) with
consequent stop of it due to the COVID-19 pandemic restriction (form March 2020 to June 2020).
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- Resume of field campaign.
- Additional pilot surveys for the development of the hydraulic modelling.
- Simulations with the implemented models on the platform.

Due to the Italian pilot complexity, the following paragraphs concerning the activities carried out during the
Italian pilot phases are organized into two subsections: precision irrigation system and water distribution
system.

Precision irrigation system

Concerning precision irrigation system, Table 1 shows for each sensor or instrument installed the measured
data type, the installation place, the data acquisition period and any missing data periods. We also present
a short record about each instrument or device installation, showing also some data processing results.

TABLE 1 PRECISION IRRIGATION SYSTEM DATA COLLECTION

SENSOR OR
DEVICE

MEASURED
DATA TYPE

FIELD ACQUISITION
PERIOD (FROM

- TO)

TIME STEP MISSING DATA

Soil probe
(Embrapa)

Moisture (%
V/V)

Battery SOC
(state of charge

%)

Sensor supply
voltage (vM)

Vineyard#2 2019/06/06 –
current date

1h From
2020/02/27 to

2020/05/22

Soil moisture
sensors
(METER,

TEROS12)

Volume water
content
(m3/m3)

Temperature
(°C)

Bulk electrical
conductivity

(mS/cm)

Vineyard#1

Vineyard#2

Pear orchard

2019/06/06 –
current date

1h None

Water table
sensors
(METER,

HYDROS21)

Water level
(mm)

Water
temperature (°C)

Electrical
conductivity

(mS/cm)

Vineyard#2 2019/06/21 –
current date

1h From
2019/10/18 to

2020/05/22

Pear orchard From
2019/11/19 to

2020/02/27

CBEC Diver
sensor

Water level
(mm)

Water
temperature (°C)

Vineyard#1 2019/07/17 –
current date

0.5 h None

Drone + Red
Edge

multispectral
camera

Multispectral
images

Vineyard#1 2019/06/07
2019/07/03
2019/07/25

2020/02/27
2020/05/22
2020/07/02

Related to
weather

conditions

-



SWAMP - 777112 02/12/2020

D5.2 Pilot Execution Report 11 of 39

2020/07/23

Vineyard#2 2019/06/07
2019/07/03
2019/07/25

2020/02/27
2020/05/22
2020/07/02
2020/07/23

Pear orchard 2019/06/07
2019/07/03
2019/07/25
2019/08/29

2020/02/27
2020/07/02
2020/07/23

Accupar
ceptometer

LAI Vineyard#1 2019/06/20
2019/07/03
2019/07/25

2020/02/27
2020/05/22
2020/07/02
2020/07/23

Related to
weather

conditions

-

Vineyard#2 2019/07/03
2019/07/25

2020/02/27
2020/05/22
2020/07/02
2020/07/23

Pear orchard 2019/06/07
2019/07/03
2019/07/25
2019/08/29

2020/02/27
2020/05/22
2020/07/02
2020/07/23

Datalogger Vineyard#1 2019/06/06 –
current date

1h From
2019/09/30 to

2020/05/22

Pear orchard None

Vineyard#2 2019/06/06 –
2020/05/22

None

LoRaWAN
Multi-sensor

interface

Vineyard#2 2020/05/22 –
current date

1h From
2020/06/12 to

2020/07/03

From
2020/08/28 to

2020/09/16
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Soil probe from Embrapa was installed the 6th of June 2019 in vineyard 2 at 0.15 m depth. Even if the
procedure was particularly fragile due to its construction features, the sensor turned out to be extremely
robust, as it has been working comfortably since its installation (16 months so far), battery charge is still at
78% and the node has transmitted data even during grape collection when the Lora node was put under
ground (shallowly) for safety reasons. The multi-sensor node interface and soil probe from Embrapa have
some availability problems due to different causes. The most common and known causes of missing data
on both sensor nodes follow gateways powering problems, platform troubles, and internet connection
issues as the one shown in the Figure 2 between the 12th of June and the 3rd of July 2020. Other causes of
missing data only on Multi-sensor node interface follow installation problems, and shutdown for discharged
batteries.

FIGURE 2 VISUALIZATION OF ONE OF THE MISSING DATA PERIODS CONCERNING EMBRAPA SOIL MOISTURE SENSOR.

Currently, the soil probe from Embrapa (Figure 3) is still working with a battery level of 78% after sixteen
months from the installation.
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FIGURE 3 EMBRAPA SOIL PROBE

METER’s soil moisture sensors were installed the 6th of June 2019 in every field (3 per field, at different
depth) and right away connected to the datalogger. As shown in table 1, from the installation date there
were no problems of data reception. The model Criteria-1D simulates the water balance and crop
development, consequently, it provides several different outputs including the soil water content along the
vertical soil profile. Soil moisture sensors data were used as a CRITERIA 1-D validation tool, carried out on
the basis of the comparison between them and predicted soil water content. As an example, Figure 4
reports a comparison between measured and predicted soil water content in a pear orchard, for the period
from the beginning of June 2019 (date in which the soil moisture sensors were installed) to the end of
September 2020. To make this comparison CRITERIA-1D was settled in mode OFF (see D5.6 for additional
details), to better represent the real field conditions and make a significant comparison. The model does
not take into account the soil spatial variability. It assumes that the field is all concentrated in one point and
that the soil characteristics are homogeneous across the studied field.  The geometry of the soil sensor
limits the measures of the volumetric water content to one-liter volume of soil surrounding the sensor.
Thus, a set of sensors were installed at different depths to obtain the average water content in the soil
profile. The measures were averaged by depth and then weighted according to the explored soil domain by
the model to limit the effect of the different local scale observed by the probes. As it is shown, CRITERIA 1D
reproduces well the soil water content, given that measured soil moisture data are similar to the predicted
ones.
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FIGURE 4 PREDICTED AND MEASURED SOIL WATER CONTENT.

Water table sensors were installed the 21st of June 2019 in the pear orchard and in the vineyard 2, one per
field.  The procedure required hiring a company specialized in drilling and piezometers installation to place
the sensor at 5 m depth. As shown in Table 1, the period from the 18th of October 2019 to 22nd of May 2020
is identified as missing data period in vineyard 2. This happened due to a farmer ploughing that sheared off
the sensor. Vineyard fields are usually tilled to remove weeds or make soil drainage practice, consequently
the presence of this sensor results as a hindrance to the agricultural practice.  In the pear orchard, the
period of lost data was caused by a wire gnawed by mice.

This type of sensor was installed with the aim of replace the CRITERIA-1D input water table data with the
one measured through the water level sensors. Input water table data were taken from a regional service
and then integrated into the model automatically, through the SWAMP platform. Nowadays piezometer in
vineyard 2 is optimal connected to the LoRaWAN node, so the data goes directly into the model.
Concerning the pear orchard, water level sensor data are available in the ZENTRA Cloud (METER’s
platform), allowing the data post integration into the platform so into the model.

Figure 5 shows, as an example, regional water table data (CRITERIA 1D input) in comparison with the
measured ones, both for the vineyard and for the pear orchard. Missing water level data were gap-filled by
means of an empirical algorithm (Tomei2010) in order to obtain a continuous daily series to be included in
the model. As can be seen, there are differences from the two sources, so the importance of the measured
data is clear also due to the better real conditions' representation.



SWAMP - 777112 02/12/2020

D5.2 Pilot Execution Report 15 of 39

FIGURE 5 REGIONAL AND MEASURED WATER TABLE DATA FOR VINEYARD 2 AND PEAR ORCHARD.

Some additional field measurements have also been conducted to better characterize site-specific
conditions. CRITERIA use in fact literature values for the leaf area index (LAI) crop parameter. Since this a
sensitive model parameter, in the 2019 and 2020 irrigation seasons, crop parameters were measured at the
field sites using different approaches. In addition to the collected NDVI data from drone equipped with Red
Edge multispectral camera, the optical instrument AccuPAR LP80 Ceptometer has been used to estimate
the leaf area index (LAI) at each field site. The final purpose was to find a relationship between measured
LAI and NDVI data that could be used to improve the current model setting and model performances. Due
to some operational and management difficulties occurred in 2019 and due to the COVID 19 restrictions
during the 2020 irrigation season, the study focus moved on LAI spatial-temporal variability (for more
details see Alagna2019), using both ground and aerial information. Figure 6 shows that:

a) the same temporal dynamic has been detected independently of the technique, however higher
temporal variability was detected by the ceptometer;

b) the differences between LAI and NDVI can be interpret considering that AccuPAR estimates only
trees LAI (data were collected above the grass cover) while Red Edge camera averages trees and
grass properties;

c) NDVI map, as just an example, in pear orchard Figure 6 highlight a slight variations in NDVI index
given that the areas with red colour representing bare soil is practically absent due to grass cover;
and

d) despite the similar spatial and temporal features, some differences are identified also between the
vineyard fields, in this case they are attributed to the canopy pruning’sFigure 6.
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FIGURE 6 LAI AND NDVI SPATIAL AND TEMPORAL VARIABILITY ESTIMATED WITH ACCUPAR LP80 AND MULTISPECTRAL CAMERA
IMAGES; NDVI MAP AND SAMPLING DESIGN WITH ACCUPAR LP80 CEPTOMETER IN PEAR ORCHARD.

Weather data were automatically integrated into the SWAMP platform from regional services day by day.
These data are based on the spatialization of 5x5 km grid of the weather variables overall regional area. To
have more precise and representative data, a recommendation is also to use weather data provided by
CBEC that has weather stations nearby the pilot area. Figure 7 shows, as an example, cumulative
precipitation data coming from the two mentioned sources. Despite the weather data from the closer
weather station could have given a great improvement to the smart system, the implementation of them
into the system would have required additional devices and further integration steps. In addition, CRITERIA
1D model needs weather forecasts in order to give the three days’ water requirement estimates, but this
type of information is only provided by the regional service.

FIGURE 7 CUMULATIVE PRECIPITATION DATA FROM REGIONAL SERVICE AND CBEC WEATHER STATION.

Concerning data acquisition from commercially available sensors, there was an attempt to connect a
METER GROUP data-logger to the SWAMP platform, but a proprietary communication protocol prevented
us to proceed with this approach. Consequently, a LoraWAN multi-sensor interface was developed, tested
and then installed in May 2020 in vineyard 2. The LoRaWAN protocol was chosen in order to implement a
long-range communication at low-power consumption. The multi-sensor node interface can handle up to



SWAMP - 777112 02/12/2020

D5.2 Pilot Execution Report 17 of 39

six sensors of METER GROUP such as GS3 sensor, TEROS-12 sensor and HYDROS21 sensor. The node use
DDI protocol to communicate with sensors for data collection and it sends data over the LoRaWAN network
at fixed time intervals. The node integrates some features for remote control such as the restart of the
node itself and the synchronization of the sampling time on the hour. It also can change the sampling rate
at runtime through a LoRaWAN command and it can enable/disable some sensors in case of problems with
them. Currently, the multi-sensor node has worked with three TEROS-12 and one HYDROS21 and data are
available in real-time on the Water Distribution Platform.

The LoRaWAN Multi-sensor interface was installed for the first time the 4th of April 2020 by a CBEC
technician in vineyard 2. The installation failed for unknown issue and multi-sensor interface stopped to
work after few hours. Another attempt was made during the lock-down with success on the 12th of May
2020. After an unfortunate disconnection of one of the sensors connected to the multi-sensor interface
(quickly restored) the multisensor-node worked well during July and August 2020. On the 28th of August
2020, the batteries were suddenly discharged, and we had to wait the ends of the harvest to substitute
them. From the 16th of September, when we replaced the batteries, the multi-sensor interface has worked
well until today.

Water distribution system. Concerning the optimization of the water distribution system, namely optimal
irrigation scheduling,  Table 2 summarizes sensors and instruments installed during the project. This table
also reports the measured data type, the installation place, the data acquisition period and any missing
data periods.

TABLE 2 WATER DISTRIBUTION DATA COLLECTION.

SENSOR OR
DEVICE

MEASURED
DATA TYPE

FIELD ACQUISITION
PERIOD

TIME STEP MISSING DATA

Automatic
Gate

Flow (l/s)

Cumulated
volume (m3)

Pilot entrance From
20/05/2020

Variation of
flow

none

Level meters Water level (m) 11 level meters
have been
installed along
the open
channel and
pipelines in the
irrigation
district. 2
additional level
meters have
been
integrated in
the automatic
gate (upstream
level and
downstream
level)

From
2020/07/08

10 minutes none

Flow Meters flow (m3/h) Tested in
laboratory,
ready to
installation and
integration in
the platform

none second -
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The automatic gate installed at the district entrance enabled a significant improvement of the overall
knowledge of the irrigation district, as well as for its daily management. Before estimation, the instant
discharge and total volume allocated to the district were based on subjective evaluations of the
gatekeeper, with no real flow measurements. The automatic gate has brought considerable benefits to a)
simplify its handling, which can therefore be done remotely; b) to improve the accuracy of the regulation,
being able to know in real time the measurement of the flow entering the district; and c) in terms of
monitoring, knowing the irrigation volumes entering the district and thus being able to specifically calculate
the efficiency of the system. The evaluation of the overall network efficiency is now more accurate and
reliable. In addition, thanks to its automatic regulation, the gatekeeper can regulate the discharge more
precisely, remotely control the open-degree and water level status in the connected canals. This improves
the network flexibility, while reducing the gatekeeper efforts. On the other side, the cost associated to its
installation is not trivial and negligible, which poses some concerns regarding similar installation in other
minor derivations.

That said, although a widespread installation of such instruments appears remote, if not unrealistic, the
adoption of a configuration similar to the one tested in this project (i.e., automatic gate at the entrance of
the irrigation network) appears sustainable in terms of a cost/benefit analysis.

Level meters (11 along the canals, 2 close the inlet gate) enable a continuous monitoring of the water level
within each canal. The measurements from the level meters have been integrated into the platform. A real-
time monitoring of the canals status is very useful for operators (e.g., gatekeeper) who act on actuators
(gate, sluices, etc.) in order prevent potential flooding or, on the contrary, the undesired emptying of the
canals. Their installation was not straightforward under different perspectives: technical difficulties due to
geometrical characteristics of the network (e.g., small pipes and manhole), and connectivity problems.
After experiencing some difficulties and malfunctioning in few cases, the level meters were operational.

Flow meters were planned to be installed at the target farms to measure the water withdrawn for
irrigation. However, due to some delays on the preliminary investigations and the following lockdown, the
in field installation of water meters and related infrastructure on time for the last irrigation season
(summer 2020) was not possible. Nevertheless, the use of flow meters as IoT sensors has been widely
tested in the lab enabling the integration of such instruments to the platform. Tests carried out proved the
possibility to acquire and communicate the data regarding the flowing discharge.

Following the methodological framework presented in D3.3 (optimization of the irrigation scheduling) we
implemented the numerical model that reproduces the geometric characteristics, as well as the hydraulic
behaviour, of the irrigation district. The model served as digital twin of the network for the optimization
modelling. In particular, the optimization tool has been embedded within the platform with a full
integration with data and tools available on it. Input, required for the optimization, and output provided in
terms of irrigation scheduling are made available within the platform and thus, accessible through the
developed web applications (e.g., app for the gatekeeper) (see also Appendix of D5.6). Although the
development phase of the optimal irrigation module can be considered fully achieved its field test during
the last irrigation season (2020) was prevented due to the sanitarian restrictions. This trial test was planned
to evaluate strengths and limitations of the current configurations. That said, potentials and benefits
associated to the adoption of the developed solution have been investigated showing promising results for
its application on the practice (see D5.6 for additional details).

2.3. Conclusions
The Reggio Emilia pilot represents a perfect example of the irrigation system in the alluvial plain in
Northern Italy. The complexity of the pilot was clear since the beginning of the project. This complexity
came out in light of the presence of multiple subjects and stakeholders that operate on the district (water
manager, gatekeepers, farmers), as well as in view of the technical complexities that characterize the
overall system. The peculiarities of the pilot stand out for example in terms of multiple crops grown in the
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area by different farmers and with different practices and irrigation infrastructures, the complexity of the
hydraulic system, which is made of different canals (different geometries and materials), gates and sluices
with different peculiarities and behaviour. In addition to these, the remoteness of the area poses several
issues concerning sensors installation and connection to the platform. In any case, the italian pilot
characteristics are typical of large irrigation areas in Europe, where irrigation consortia act as water supplier
for several small/medium farms.

That said, we managed to achieve almost all targets specified at the beginning of the project for the pilot,
with exception of the final trial test planned during the last irrigation season. This can be attribute in part to
some delays on the project development, but mainly to the restrictions that affected the possibility to be
ready for the test and to fully operate in the field since nearly spring 2020. Nevertheless, we succeeded in
developing the SWAMP platform, the data collection system for the sensors and external services (e.g.,
weather forecasts), web-apps for the gatekeeper, as well as the service for precise irrigation and optimal
irrigation scheduling. In particular, services to sustain the precise irrigation practice and the optimal
irrigation scheduling are functional, fully integrated to the sensors through the platform.

Although some unavoidable installation, communication and reliability issues experienced during the
project, the overall results have shown the potential of the IoT solutions to the irrigation context. In
addition, the development of the SWAMP platform has been carried out with the intent of ensuring a high
level of flexibility, which makes it suitable for application in different irrigation scenarios and contexts.
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3. Cartagena pilot
The Cartagena pilot was located at Intercrop Iberica field in Cartagena, Spain (Figure 8). The Crop cultivated
in the pilot field was baby leaf spinach. The Cartagena pilot site is in a semi-arid region with little natural
water reserves. The climate conditions are such that growing baby leaf spinach is possible only during a
couple of months in autumn and later winter-early spring period. Growing period of a single crop is
relatively short (3-6 weeks from seeding to harvest) allowing the farmer to have two to three crops in each
period.

Autumn period starts in October and lasts until mid-December. The weather is typically cooling after hot
summer period and it involves rainy periods. The role of irrigation is mostly supplemental during this
season. Due to this, the autumn period was mainly applicable to the equipment and data collection tests
for the pilot.

The winter is too cold and dry for baby leaf spinach or lettuce. When the spring starts, the soil is very dry.
The farming can be started when temperatures rise enough for the crop. This typically starts in early
February. The weather remains dry typically through the whole farming period and the farming is totally
dependent on irrigation starting from the initial wetting of the field. The natural water table is deep in the
ground and as the pilot field is close to the Mediterranean Sea that causes salinity problems as well.

The overall plan of the pilot was:

- to monitor the soil moisture of the baby leaf spinach with IoT soil probes connected to SWAMP IoT
platform,

- to monitor the growth of the crop with autonomous drone carrying multispectral imaging system,
- to implement IoT based automated irrigation system, and
- to irrigate the pilot field according to irrigation recommendations and plans created by SWAMP

application platform

The plan was to compare the results to reference field that was operated in traditional fashion without the
support from measurements and analyses.

FIGURE 8. LOCATION OF PILOT FIELD IN CARTAGENA, SPAIN. YELLOW ARROW SHOWS THE ACTUAL PILOT FIELD.
LIGHT BLUE SQUARE AT THE TOP IS THE WATER RESERVOIR.

3.1. Pilot Goal
The goal of the pilot was to minimise the irrigation water consumption without compromising the crop
yield. From technical point of view, the goal was also to test the suitability of IoT-based solutions, the drone
capabilities, and AI-based irrigation planning solutions implemented into SWAMP platform.
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Overall goals to farmer:

- The main goal of the pilot was to reduce water consumption in irrigation.
- Target was to fine-tune irrigation of the field to actual water need of the crop. This was conceived

to be achieved by providing detailed and relatively high interval soil moisture measurements from
the field as well local microclimate conditions.

- Soil water balance model and crop model was fine-tuned to take advantage of the detailed data
and provide high accuracy irrigation recommendation to be automatically applied for irrigation.

Project targets:

- Overall objective:  Validation of the feasibility of SWAMP platform and applications for Intercrop’s
farming purposes

- Validation of the concept of drone-based data collection from the field (including Data Mule and
imaging approaches)

- Validation of water need and irrigation planning concepts
- Validation of automated precision irrigation concept
- To act as a platform for continuous improvement of ideas and for testing new emerging ideas in

SWAMP

3.2. Pilot Phases
In-field pilots are naturally dependent on farming events and possibilities. The SWAMP project started on
November 1st, 2017. Starting from that we had six growing periods ahead of us, but the first one at spring
2018 started too quickly after project start, so we did not have time to prepare for it. The last possible
period was during the last month of the project in October 2020, so we considered it as the last backup
possibility only. That left us with four possible experiment periods from autumn 2018 to spring 2020. In
each period the purpose was to have two crop cycles.

Phase 1: Autumn 2018

The Autumn of 2018 was targeted for baseline testing and validation of monitoring system. The focus was
in ground sensing systems, as the original drone partner had to be replaced by Quaternium and that took
some time.  Before the period, we implemented soil moisture probes using VTT Nodes LoRa radio and 3-
layer soil moisture sensors and a gateway capable of receiving LoRa messages and connecting to Internet
via 4G mobile network. We also acquired Libellium agriculture solution that contained a weather station.
First tests with SWAMP drone were done (Figure 9).

FIGURE 9. SWAMP DRONE FLYING EXPERIMENT IN 2018
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During the phase 1 we installed the data collection system and collected sensor data to VTT server using
MQTT and Influx time-series database. Influx also had data visualisation support for examination of sensor
readings. This was available for the farmer through web browser (Figure 10).

FIGURE 10. THE INFLUX-BASED SYSTEM FOR THE VISUALISATION OF DATA DURING THE FIRST PHASE.

Some problems also emerged causing us to change the plan. LoRa radios did not operate as planned at the
field. The radio coverage distance was much shorter in case of both VTT Nodes and Libellium. We decided
to modify the VTT Node LoRa antenna and to move Libellium base station to field from Intercrop offices.

Phase 2: Spring 2019

Spring 2019 period was targeted for validation of irrigation recommendations and reiteration of data
collection system. Data collection system worked better, and we collected data through the whole season.
The data collection was changed so that data was collected to SWAMP platforms running at SWAMP cloud
at UFABC in Santo Andre and at VTT server in Oulu.

Irrigation recommendations, in the sense that was envisioned in the project plan, were not available at the
time of the pilot as application platform development was not yet ready. The measured data values did not
provide adequate basis for implementing irrigation as calibration was done after the pilot season.

Drone and camera system tests were flown in Spain. Both autonomous flying of camera and data
collections mission were performed successfully (Figure 11). The camera system and mobile gateway
system worked fine. Unfortunately, we were not able to fly in the pilot field. It turned out that there is a
military airbase close to pilot area and the whole area is restricted from flying. Quaternium spent a lot of
time and resources to get the permissions, but it never succeeded during the project.
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FIGURE 11 SWAMP DRONE WITH PAYLOADS

Phase 3: Autumn 2019

The idea in phase 3 was the testing of automated control of pumps and valves, the validation of more
advanced drone mission capabilities, testing of more advanced irrigation recommendations, and irrigation
by recommendations with manual supervision (and control).

Before the season, we decided to switch from LoRA to LoRaWAN as SWAMP platform’s management
features were implemented on it (Figure 12). The growing season turned out to be very rainy season that

resulted in lot of problems with data collection and reliability of our electronics. LoRaWAN solution did not
work properly and we had a lot of battery capacity issues at the field. The solar power system was not able

to produce enough power for all the devices. It was not designed to support Libellium gateway that is
designed to work on fixed electricity network.

Irrigation valves were installed on field, but they could not be tested in real life environment due to all the
other issues. Irrigation control in the existing system was not possible to implement partly because the
irrigation system is shared among production fields as well as pilot field. Control system was designed in a
way that it would not interfere rest of the fields. Implementation required some electrical in installations to
be completed at the field for pump control. Modifications were planned to be taken into use in Spring 2020
but unfortunately COVID situation in Spain prevented conducting work necessary for modifications. The
rainy days during fall 2020 season also made irrigation needless.

With the drone, the control through SWAMP platform was tested successfully. The integration to SWAMP
platform was one key requirement to autonomous drone system.
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FIGURE 12 FIELD GATEWAY WITH LORAWAN UPDATE

Phase 4: Spring 2020

The phase 4 started fine with the installation of data collection system Data was collected during first
growing period to SWAMP cloud. Soil moisture data collected during the first period is shown in Figure 13
and the evapotranspiration values calculated from weather sensor data are in Figure 14. A short break in
data collection occurred when the solar panel crashed due to high winds. At the same time the COVID-19
travel restriction started, but fortunately Intercrop was able to create an emergency solution for power
system. After fixes data was collected normally until the end of first crop.
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FIGURE 13. SOIL MOISTURE DATA COLLECTED FROM CARTAGENA PILOT DURING 6.2.2020 – 3.3.2020. LH1, LH2, LH3 ARE SOIL
MOISTURE VALUES FROM 5, 10 AND 15 CENTIMETERS RESCPECTIVELY.

FIGURE 14. WEATHER DATA WAS COLLECTED FROM FIELD USING OUR LOCAL LIBELLIUM WEATHER STATION AND ITS SENSORS AND
FROM WEATHER STATIONS NEARBY. HOURLY REFERENCE EVAPOTRANSPIRATION CALCULATED FROM THE MEASURED AND

ESTIMATED DATA IS SHOWN IN THE GRAPH.

We planned to install the Irrigation control system, but it could not be done due to travel restrictions. The
lockdown in Spain and all over Europe prevented all further actions on the field.

Actions after COVID-19 lockdown

Lockdown started in February. By the end of May it was apparent that field operations could not be done in
the autumn either, when it would have been possible to do tests on site. We decided to focus on the most
important pilot-specific aspects:

1. trying to use the collected data to understand what possibilities the precision irrigation could
create in pilot environment and what kind of impact could be achievable,

2. making sure that all the IoT components that were developed for the project would be ready on
further development as open source or open licence artefacts, and

3. collecting and reporting the lessons learnt from the use IoT and SWAMP platform in the pilot for
future experiments.

Regarding the simulation we have had two activities. First is to use the SWAMP platform for demonstrating
its functionality and feasibility. The Cartagena use case is one of the demonstrators. Data collected from
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the pilot is used as an input. Second has been developing a simulation of Cartagena pilot using the collected
data as a basis of soil-water balance model. It simulates the soil moisture behaviour and it can be used for
analysis of irrigation water consumption in different irrigation scenarios. We have conducted a set
simulations using the weather data from the first crop period from 2020 and compared the water
consumption to actual water consumption measured at Cartagena.

Regarding the IoT nodes we continued the development work during spring and summer 2020. The testing
was done in laboratory and garden environments as it turned out that testing on-site would not be
possible. Results of the designs are reported in Deliverable D2.4.

Lessons learnt are summarised in deliverable D5.6 Pilot evaluation report.

3.3. Results
The Cartagena pilot’s purpose was to test how IoT can be used in precision irrigation in semi-arid conditions
and what kind of impact we can achieve from it. In order to do these tasks, we had to design and
implement IoT nodes and precision irrigation system and test it at the pilot field. The project implemented
the majority of the systems needed to do the pilot. We also tested the parts available in real-life conditions
and collected the experiences. We have to admit that we did not achieve the planned results completely.
This was partly due to COVID-19 and partly due to the complexity and challenges of the tasks. More
detailed analysis is in deliverable 5.6.

IoT-based system

The main results of the Cartagena pilot were the pilot-specific components that were developed for testing
of the SWAMP approach, and the understanding of how IoT and improved situation awareness that can be
achieved through it can improve the irrigation decisions and save natural resources. The components that
we implemented are listed in Table 3.

TABLE 3 COMPONENTS DEPLOYED IN CARTAGENA PILOT.

Cartagena pilot components 

Soil probes Three-layer soil probes were designed, implemented, calibrated, and deployed in
the pilot field. Probes communicated using LoRaWAN in 5-minute intervals. Probes
were used in all pilot phases. In the last three phases they transmitted data to the
SWAMP cloud.
During the pilot phases, we had several problems with probes that were mostly
fixed before the final phase. It is however clear, that soil moisture measurement is
very sensitive to probe installation with respect to sensor-soil contact, the low
position of the antenna creates also communication challenges, and the probe
design must be very robust against environmental conditions.

Communication
gateways

Three gateways were designed, implemented and deployed in the pilot site. Field
gateway routed sensor data to Internet via 4G interface and acted as a controller for
irrigation valves. The second gateway controlled the pump. Field gateway was used
for backup system for weather station sensors.
Drone gateway was designed, implemented, and tested with the drone. It
transferred the multispectral camera data to cloud. It was not used in the pilot field
due to the flight restrictions.
The gateways worked fine throughout the pilots.

In-field
powering
system

Solar panel and battery system were installed to the field for powering of the
gateways and irrigation valves. It had 140W solar panel, controller, and batteries.
Initially there was 40Ah battery that was upgraded to 100Ah, as they power
shortages due to cloudiness in first two seasons. Update was necessary due to
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Libellium gateway relocation at the field. Power system was specified for one
gateway only and adding another gateway created some problems during cloudy
periods. Adding battery capacity helped to remedy it to small degree, but
insufficient solar panel remained as a constraint.

Irrigation
system
actuators

We designed and implemented an IoT irrigation valve and an IoT pump controller
that are controlled through the FIWARE IoT platform and gateways. The devices
were tested in laboratory conditions, but not on the field as we had technical issues
and finally the COVID interrupted the planned testing season.

Weather station We purchased Libellium agriculture package that was installed in the field. The
sensor set consisted from air temperature, air pressure, relative humidity, wind
speed, wind direction, rain, solar radiation, and soil moisture.
The Libellium gateway called Meshlium is designed to be installed so that it
operates on fixed electricity. However, the conditions at the pilot site were such
that radio communication from field to Intercrop office did not work even though
the distance itself was well within operating range. We had to install the Meshlium
in the field and power it from our battery system. Unfortunately, Meshlium is not
designed to support remote maintenance, so we had to reroute the weather station
sensor data through our own field gateway.

Water meters Two water meters were equipped with electronic interfaces and connected as IoT
nodes into SWAMP platform. Both meters had reading accuracy of 10 litres and they
were used in last two pilot phases.

Links to open implementation descriptions are in deliverable D2.4. In addition to concrete components, we
implemented a set of SW modules and data models that we integrated into the SWAMP Cartagena system.
They are reported in D2.4 deliverable.

Impact measures

As said earlier, we were not able to measure the impacts of precision irrigation. We did simulate various
irrigation strategies. Based on our simulations, it seems plausible that water savings up to 25-35% are
achievable by irrigating using less water but more frequently. Regarding energy costs, they are practically
directly related to irrigation water saving, as most of the energy cost comes from pumping the irrigation
water to the field. These savings, however, do not come free.  They require an automated irrigation system
that is capable of serving multiple fields. In order to be cost-efficient, the system has to be able to operate
autonomously, that is without a user supervision. It poses additional requirements to the quality of
pipelines and components. More detailed description of the developed approach is in deliverable D5.6

Deployment experiences

The Cartagena pilot was very challenging for the use of IoT and sensor-based monitoring. Within a calendar
year, there are two farming periods with two crops. This means that we had to install and remove the
sensors and irrigation systems four times a year. This puts high requirements for the deployment processes
and the SWAMP platform, because the virtual model of the farm must be modified as well. The farm, field,
and the management zone model usually do remain the same, but the location of sensors, the structure of
irrigation system and its entities must be reconstructed in the beginning of each crop cycle. The pilot field
and irrigation system were very simple, so it did not really stress the installation process, which was done
manually. It anyway revealed the need of proper support in case the situation is more complex.

During the use of IoT system in Cartagena it became clear that automatic data collection increases the
situation awareness and improves the possibilities to make justified irrigation decisions as expected.
Reliability of systems is critical issue as field is a hostile environment of devices. Unfortunately, we were not
able to test irrigation recommendations from SWAMP platform, IoT node-based irrigation system, drone
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operations, and Farmer application in the real pilot field due to various reasons. These are explained in
more detail in deliverable D5.6.

3.4. Conclusions
The Cartagena pilot was a good example of a farming use case, where short growing periods, challenging
climate, and tight operational margins have important role. It would have required very robust devices and
flexible schedules in farming. The main challenge of the pilot was that the project had to design and
implement most of the pilot system by itself. We managed to implement the platform, user interfaces, data
collection system, and the IoT nodes of the irrigation system. We also managed to use and test our
solutions in all four main farming cycles planned.

We encountered several problems in almost all growing periods. In addition to weather related reasons,
there were communication and reliability issues both with commercial systems involved and with our own
designs causing delays into the pilot and development of the platform services. The COVID-19 was the final
reason for not being able to conclude the in-field measurement of the impact of the solution.  As a backup
method we developed a simulation to calculate possible expected impacts.

Overall result of IoT use was that it has a big potential, but it needs proper supporting systems. Our
contribution in Cartagena pilot was to test the benefits of IoT’s flexibility. IoT node-based systems can offer
huge flexibility for users, as the Internet is the system network. It needs a lot of support for managing the
complexity, ensuring the continuity of operations, and ease of use.
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4. Guaspari pilot
The Guaspari pilot turned to be two 2-ha plots located in a vineyard at the municipality of Espírito Santo do
Pinhal, State of São Paulo, Brazil (Figure 15). The Guaspari farm soil is developed from granite rock, with
good drainage. Drip irrigation is used to supplement water with a single hose by crop row and emitters
spaced 0.5m apart, and measured flow of 1.9 l/h. Irrigation schedule is only based on the experience of the
farmer, by visualization of the wet soil surface or even by perception of visual symptoms of plant water
deficit. Irrigation water is pumped from a nearby natural pond and there are no issues about water supply
or energy consumption.

The overall plan of the pilot was:

- to monitor the soil moisture of four plots with IoT soil probes connected to SWAMP IoT platform,

- to irrigate the pilot plots individually, by management zones, according to irrigation
recommendations and plans created by SWAMP application platform.

FIGURE 15. GUASPARI PILOT: SWAMP PLATFORM COMPONENTS LOCATION AND DELINEATED MANAGEMENT ZONES.

4.1. Pilot Goal
The key challenge of the Guaspari pilot was to improve the quality of grapes and wines, by performing
automatic measuring of soil water content at different soil depths and to provide quick and accurate
irrigation information by management zones. Applying different irrigation plan to each vineyard zone
would allow understanding the differences of grape quality in different soil types for making better wine
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blends. From technical point of view the goal was also to test the suitability of IoT-based solutions and AI-
based irrigation planning solutions implemented into SWAMP platform.

Overall goals to farmer:

- To improve grape quality by means of zone-specific and sensor-based irrigation plan. This is
conceived to be achieved by providing detailed and relatively high-rate soil moisture
measurements from the field as well as local microclimate conditions.

- To fine-tune soil water balance model and crop model to take advantage of the detailed data and
to provide high accuracy zone-specific irrigation recommendation and automation.

Project targets:

- To validate the feasibility of the SWAMP platform and applications for the Guaspari Winery farming
purposes;

- To validate zone-specific and sensor-based combined concept to automate drip irrigation
management;

- To compare grape quality to reference fields irrigated by conventional methods, without the
SWAMP platform support; and

- To evaluate new emerging ideas to improve drip irrigation management by use of IoT.

4.2. Pilot Phases
The financial resources turned to be available September 3rd, 2018 for the Brazilian pilots. Due to the
perennial nature of a vineyard and by Embrapa providing some remaining parts of a previous project, the
pilot monitoring infrastructure was promptly deployed. The pilot initial plan was to monitor four plots, two
at a low-altitude area and two at a high-altitude area. However, the farmer decided to restrict access to the
higher-altitude area and only the lower-altitude plots became available for the pilot. At the end of 2019 the
farmer announced also a total restricted access to the farm. An agreement allowed the pilot monitoring up
to May 2020. No automation was permitted any longer by the farmer.

The vineyards have been managed by Guaspari farm in two cycles, the plant formation cycle that happens
from July to December, and the plant production cycle that happens from January to June. The pilot
execution was planned according to those cycles in four phases detailed as follows:

Phase 1: plant formation cycle (September-December 2018)

This initial period was targeted for baseline testing and validation of monitoring system. Four soil moisture
probes were implemented using the sensor and signal conditioning remaining parts of Embrapa previous
project and an Arduino based LoRaWAN communication solution. Those two depths moisture and two
depths temperature probes were deployed into the two low-altitude plots. The gateway was implemented
with a Raspberry Pi and a single channel LoRaWAN Hat capable of receiving LoRA messages and forwarding
them to the Internet via the farm infrastructure. There was no Weather Station operating in this phase.

FIWARE was the data collecting system since from this very beginning of Guaspari pilot operation. No
dashboard was available for data visualization in this phase.

The Arduino-based LoRaWAN solution presented many manageable issues and worked intermittently but
long enough for testing and validation of the monitoring system and for the project team get used to the
FIWARE and the Mist, Fog, Cloud proposed architecture. The need to replicate probes for the other plots,
and the MATOPIBA pilot as well, led to the development of the UGA-Embrapa second generation of a multi-
depth and multi-parameter soil probe, including to adapt it to LoRaWAN communication (Zigbee was the
original plan).

Phase 2: production cycle (January-June 2019)

This cycle was targeted for improvements of the monitoring system and implementation of prototypes of
the UGA-Embrapa soil probe. The Arduino-based LoRaWAN was replaced by commercially available
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LoRaWAN modules and the single channel HAT was replaced by a multichannel HAT, both from RadioEnge,
a Brazilian LoRaWAN product maker and supplier. This local LoRaWAN supplier support was important to
improve the data collecting system reliability during the second phase.

A Vaisala WXT520 Weather Station was connected to the Mist (Raspberry pi) via USB-Serial interface
adapter and a C++ code named wsplug was developed to send data to the Orion context broker.

Phase 3: plant formation cycle (July-December 2019)

During this cycle the same soil probes were kept in field. However, the Mist/Weather Station tripod was
moved to the opposite side of the plots with no consequences for the system operation. Also the Fog
computer was removed and during this season data was forwarded straight to the UFABC LoRaWAN server.
Another important activity started in this period was the design of a new version of the soil probe
electronics based on the ESP32 ARM processor.

At last, FIWARE turned to be more stable with the Fog computer upgrade. A dashboard was developed for
data visualization in this phase.

Phase 4: production cycle (January-June 2020)

The pilot was finished by order of the farm owner right before the pandemic announcement. We kept the
system running up to May 2020. However, there is no reliable data for this period due to constant
faultiness and no maintenance due to COVID-19 lockdown.

4.3. Results
IoT based system

The main result of the Guaspari pilot was the development of pilot specific components for testing SWAMP
approach and the understanding of how an IoT solution can help the producer to better manage irrigation
and at the same time saving natural resources.

The implemented components and the main issues faced are summarized Table 4.

TABLE 4 COMPONENTS DEPLOYED IN GUASPARI PILOT.

Guaspari pilot components 

Soil probes Three-depth multiparametric soil probes based on LoRaWAN data communication
were designed, implemented, calibrated, and deployed in the pilot field. The probes
operation parameters can be adjusted by a smartphone using Bluetooth
communication. The soil data collection was adjusted to be transmitted to the
SWAMP cloud every 10 minutes and battery status and electronics temperature at
every hour.
Data transmission was not as reliable as expected and the probes and other pilot
components (Mist, Fog, Internet connection) required remote or local maintenance
frequently. The measurement of soil moisture proved to be very sensitive to the
proper installation of the probe in relation to the sensor-soil contact. The probe
antennas were positioned 50 cm above the vineyard canopy that significantly
reduced the data transmission problems. However, the antenna cables were cut
(unintentionally) a few times during the vine pruning process. The cylindrical and
modular design of the probe case proved to be robust enough to endure the
environmental conditions and withstand operations of a perennial crop. On the
other hand, electronics presented instabilities that led to the proposal of developing
a version based on the ARM ESP32 processor.

Mist solution The Mist was a component that presented very few issues during the complete
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Guaspari pilot operation period. It was implemented as stated in Phase 1 and Phase
2 description and combined the LoRaWAN Gateway and the Weather Station
interface in one device inside an environmentally sealed box. The loss of Internet
connection a couple of times was the main malfunction and it was simply solved by
a shell script executed by the crontab every 5 minutes.

Fog solution The Fog computer initially intended for local irrigation management was also
convenient for system deployment and maintenance. The local execution of FIWARE
services allowed in-site configuration or reconfiguration of LoRaWAN modules
parameters such as Device ID, Network section ID and Application Section ID,
providing data collection minimal interruption. The Any Desk and Team Viewer
software were used not only for the FIWARE remote maintenance but also to
remotely access via SSH the Raspberry (Mist) having a local IP.

Impact measures

There was no opportunity to evaluate the impact of SWAMP platform due to both the end of pilot by the
farmer and the COVID-19 lockdown.

Deployment experiences

Guaspari was the least challenging pilot deployment of the SWAMP project. As a perennial crop the soil
probes and all the platform components could remain installed all the time. The pilot being located not so
far from Embrapa and UFABC simplified frequent visits to the field. The good connectivity at the low-plot
area was also favourable to the pilot deployment. Despite the pilot operation delay with respect to the
project starting date, data collection was close to be reliable enough. For instance, in Figure 16 it can be
observed that a wetting front reaches closely at same time the three depths, first moment at 20cm (blue)
and subsequently at 40 cm (red) and at 60cm (yellow). We could also use SEPA dashboard to follow
Guaspari precipitation events (Figure 17). The irrigation system supplier was contacted and there was a
positive expectation to integrate the irrigation controller to the SWAMP platform. The farmer
announcement to finish cooperation was an unfortunate surprise.

FIGURE 16 - UFABC SERVER DATA VIEW: PROBE 2 DATA, ONE PRECIPITATION EVENT
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FIGURE 17 - SEPA DATA VIEW: GUASPARI PROBE 1 DATA, MULTIPLE PRECIPITATION EVENTS

4.4. Conclusions
The point to control the irrigation system by means of LoRaWAN communication associated to cloud data
processing and analysis was not reached in Guaspari pilot. However, it was possible to evaluate how
flexible this technology is and its potential to implement new irrigation management approaches. The
transmission rate of minutes for soil data shows opportunities to develop more precise methods of water
need estimation to improve irrigation management with benefits for the producer and the environment.
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5. MATOPIBA pilot
The MATOPIBA pilot was one out of seven 100ha Centre Pivot at Rio de Pedras farm located in Luis Eduardo
Magalhães municipality, Bahia state in Brazil (Figure 18). Crops in MATOPIBA pilot are usually alternated
with soybeans from November to February, corn from March to June and cotton from July to October. The
most heterogeneous one fourth of the pivot area as regards soil properties was chosen to be site-specific
irrigated. A grid of 100 soil probes spaced 50 m from each other in a grid pattern was intended to provide
the full particulars of this one-fourth area. Sets of at least two probes were intended to the delineated
management zones within the remaining area of the centre pivot circle.

The overall plan of the pilot was:

- to monitor the soil moisture of previously delineated management zones with IoT soil probes
connected to the SWAMP IoT platform; and

- to adapt the centre pivot to be variable rate irrigation (VRI) capable and generate irrigation
prescription maps by the SWAMP platform to irrigate the pilot area according to individual needs of
the management zones;

FIGURE 18 - MATOPIBA PILOT: SWAMP PLATFORM COMPONENTS LOCATION AND DELINEATED MANAGEMENT ZONES

5.1. Pilot Goal
The main objective of the MATOPIBA pilot was to reduce water and consequently pumping energy
consumption that can contribute up to 12% of the production costs (see deliverable 3.1). From the
technical point of view, the goal was also to develop a low-cost, multi-depth and multi-parameter
LoRaWAN soil probe to turn the VRI into a feasible solution due to the large required probe quantity, and to
test the suitability of IoT-based solutions and AI-based variable irrigation planning solutions implemented
into SWAMP platform.

Project targets:

- To validate the feasibility of SWAMP platform applications for the MATOPIBA farming purposes;
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- To validate combined concepts of zone-specific and sensor-based irrigation methods to automate a
central pivot variable rate irrigation management;

- To compare yield of VRI to reference fields irrigated by conventional methods; and
- To evaluate new emerging ideas to improve VRI management by use of IoT.

5.2. Pilot Phases
The financial resources for the MATOPIBA pilot became available only on September 3, 2018 and the pilot
activities were delayed a couple of months later, after the main parts purchasing. The initial efforts were
focused in the implementation of the UGA-Embrapa multi-depth and multiparameter soil probes
prototypes and the validation of the monitoring system in Lanapre pre-pilot area. The plan to monitor the
four management zones previously outlined by the farmer with at least one probe each was accomplished
the half time of the 2019 cotton crop season. The centre pivot VRI adaption was part of a cooperation
agreement negotiated in February 2018 with the pivot equipment supplier, the Fockink Industries.
However, one year later the company announced severe economic issues and decided to break the
agreement. Since then we start a search and negotiation of another VRI supplier with compatible cost with
the project budget and reasonable implementation time. The project team is counting on the extension
time up to April 2021 already granted by RNP to accomplish the deployment of 100 probes and the VRI
evaluation.

The pilot execution so far happened as follows:

Phase 1: January to July 2019 Lanapre pre-pilot

This initial period was targeted for baseline testing and validation of the LoRaWAN monitoring system at
Lanapre, the MATOPIBA pre-pilot area located five kilometres from Embrapa. Two Embrapa multi-depth
soil moisture probe prototypes were implemented jointly to the Mist solution with the same Guaspari pilot
configuration (Raspberry Pi and a multichannel LoRaWAN HAT). The future MATOPIBA Fog computer was
also prepared to integrate the pre-pilot monitoring system, running the necessary FIWARE services to
forward data to UFABC cloud server through Lanapre network.

Phase 2: September/October 2019 half of cotton season

Five additional UGA-Embrapa multi-depth soil probes were replicated to complete the set of components
previously tested at Lanapre: two probes, the Mist solution and the Fog computer. The whole set was
deployed at the MATOPIBA pilot in September 2019, in the middle of the cotton growing season. One
probe was installed at each of the management zones closest to the Mist and three across the pivot circle,
to test larger distance communications. A Vaisala WXT520 Weather Station integrated the system through
a serial connection to the Mist (Raspberry Pi) and the wsplug program to send weather data of the
MATOPIBA pilot to the Orion context broker at UFABC, along with the seven probes data forwarded by the
Fog. A dashboard was developed for data visualization in this phase.

The FIWARE services and the Mist run with minimal issues. The farm connectivity and the probe electronics
were the main cause of data losses.

Phase 3: November 2019/ March 2020 soybean season

Only four probes could be recovered and reinstalled from the precedent phase. A dedicated connectivity
solution (4G modem and Wi-Fi router) was installed to overcome the farm network issues. However, the
season was extremely rainy to provide useful data. The probe electronics turned to be the main cause of
data loss. The pandemic situation was a good time to start the design of a new version of the soil probe
electronics based on the ESP32 ARM processor.

Phase 4: May 2020/September 2020 corn season

The farm delayed the corn-growing season. Two more probes went out of operation due to damages by
crop machinery operation. The COVID 2019 lockdown prevented a trip to the pilot for proper maintenance.
There is no reliable data at all from this period.
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Phase 5: October 2020/November 2020 Lockdown activities

There was a significant progress on the development of the probe electronics ARM version. The VRI has
been negotiated with the Valley/Valmont company that will provide the controller and installation services
as counterpart to follow the VRI evaluation. The Fockink company regained contact and has recently been
hired by the project to produce 120 probes and to provide installation and maintenance services to the
pilot.

5.3. Results
IoT based system

The main result of the MATOPIBA pilot was the development of pilot specific components for testing
SWAMP approach and the understanding of how an IoT solution can help the producer to better manage
irrigation and at the same time saving natural resources.

The implemented components and the main faced issues are summarized in Table 5.
TABLE 5. COMPONENTS DEPLOYED IN MATOPIBA PILOT.

MATOPIBA pilot components 

Soil probes Three depths multiparametric soil probes based on LoRaWAN data communication
were designed, implemented, calibrated, and deployed in the pilot field. The probes
operation parameters can be adjusted by a smartphone using Bluetooth
communication. The soil data collection was adjusted to be transmitted to the
SWAMP cloud every 10 minutes and battery status and electronics temperature at
every hour.
Data transmission was not as reliable as expected and the probes and other pilot
components (Mist, Fog, Internet connection) required remote or local maintenance
frequently. The measurement of soil moisture proved to be very sensitive to the
proper installation of the probe in relation to the sensor-soil contact. The cylindrical
and modular design of the probe case proved to be robust enough to endure the
environmental conditions. However, the probes cannot withstand machinery
operations of an annual crop without proper signalling and care. The probe
electronics presented instabilities that led to the development of a version based on
the ARM ESP32 processor, still to be tested.

Mist solution The Mist was a component that presented very few issues during the complete
MATOPIBA pilot operation period. It was implemented with the Raspberry pi 3+ and
a Radioenge multichannel LoRaWAN HAT and combines the LoRaWAN Gateway and
the Weather Station interface in one device inside an environmentally sealed box.
The loss of Internet connection a couple of times was the main malfunction and it
was simply solved by a shell script executed by the crontab every 5 minutes.

Fog solution The Fog computer initially intended for local irrigation management was also
convenient for system deployment and maintenance. The local execution of FIWARE
services allowed in-site configuration or reconfiguration of LoRaWAN modules
parameters such as Device ID, Network section ID and Application Section ID,
providing data collection minimal interruption. The Any Desk and Team Viewer
software were used not only for the FIWARE remote maintenance but also to
remotely access via SSH the Raspberry (Mist) having a local IP.

Impact measures
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There was no opportunity to evaluate the impact of SWAMP platform on energy consumption reduction
due to both the atypical rainy soybean season and the COVID-19 lockdown. The Brazilian team counts on
the approved by RNP extension to accomplish this activity up to April 2021.

Deployment experiences

MATOPIBA pilot infrastructure deployment has been a challenge for the SWAMP Brazilian team. This pilot
deployment delay was even longer than Guaspari and the long distances from Embrapa and from UFABC
required difficult repeated visits to the field. It was more difficult to improve data collection reliability.
Finding the right company to hire for the system components maintenance took a while. Even though the
data collection was also close to reliability and allows observations like in Figure 19, where the wetting
front reaches the 1st depth, at 20cm (blue), but is barely noticed at 40cm (red) and at 60cm (yellow).

Turning the pivot into VRI is expected to be the next big challenge. The counterpart of the VRI kit supplier
may solve part of the solution to overcome this challenge during the project extension in Brazil.

FIGURE 19 - UFABC SERVER DATA VIEW: MATOPIBA PROBE 1 DATA, SINGLE PRECIPITATION EVENT.

5.4. Conclusions
The point to control the irrigation system by means of LoRaWAN communication associated to cloud data
processing and analysis was not reached in MATOPIBA pilot. However, it was possible to evaluate how
flexible this technology is and its potential to implement new irrigation management approaches. The
transmission rate of minutes for soil moisture data shows opportunities to more precise methods of water
need estimation to improve irrigation management with benefits for the producer and the environment.
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6. Summary

SWAMP was an IoT pilot project that focused on using IoT in smart water management for precision
irrigation. The project included four pilots that were supported by IoT system developments. The pilots
were located in Reggio Emilia in Italy, Cartagenain Spain, Espirito Santo do Pinhal in Brazil, and MATOPIBA
region in Brazil. All pilots had the same core idea of monitoring the soil moisture using IoT soil probes and
collecting the data to cloud-based platform for situation-based decision-making and decision execution.
The pilots had also differences. The Reggio Emilia pilot focused on optimising water distribution with an
open canal system. The Cartagena pilot focused on implementing IoT-based precision irrigation in a very
dry environment and small-sized crops. In the Reggio Emilia and Cartagena pilots, the autonomous drones
were developed and used for data collection. Guaspari focused on optimising the crop quality. The
MATOPIBA pilot was about implementing a variable rate irrigation system into the central-pivot irrigation.
The main aim in all pilots was to save water and energy.

This deliverable described how the pilots were implemented and their main outcomes. As SWAMP was a
three-year project and the focus was agriculture, the pilots were executed in sequences defined by farming
cycles. Another major constraint was the maturity and readiness of the SWAMP platform and needed IoT
infrastructures that were developed in the project, too. In all pilots the first and second year were mainly
dedicated to testing data collection infrastructure, i.e., soil probes, gateways, drone systems, and
incrementally developing the SWAMP platform with its application prototypes. We were able to collect
data from all the pilots and to store it into the SWAMP platform either as virtual entities and time-series, or
as semantic triples in SEPA. In the Reggio Emilia pilot the complex open canal system was modelled so that
its behaviour could be analysed. A major drawback was that the Cartagena pilot site turned out to be close
to a military area that prevented the flights at the pilot field during the whole project. Another main
obstacle was that in Brazil, the Guaspari farm owner changed, and the new owner wanted to end the pilot,
and that the VRI manufacturer (external company) first withdrew from the project, but later returned to it,
causing a significant delay into it.

The third year was planned to be the main pilot year in all sites as the SWAMP platform was ready and the
IoT nodes, communication infrastructure, drone systems, and applications were initially tested at real
environments. The pilots started as planned, but unfortunately, the COVID-19 pandemic hit first Europe
and then also Brazil preventing the accesses to pilot sites. In order to estimate the possible impacts of our
approaches two actions were done. In the Reggio Emilia pilot the impacts of optimised irrigation scheduling
to water losses in open canal system were estimated using collected data as baseline. In the Cartagena
pilot, we built a simulation to estimate soil moisture distribution at different layers of the field and analysed
how much water could be saved by controlling irrigation using the data. In Brazil, the project partners
agreed on continuing the system development and the MATOPIBA pilot during the spring 2021. Those
results will be reported in the SWAMP website when available.

The project collected a lot of experience on the state of the art and potential of the IoT in smart water
management and agriculture in general. Even though the pilots were not completed as planned, it was
evident the IoT is the future of farming and water management. All pilots showed that the data collected
from the fields and canals help in making decisions that save natural resources and thereby costs. It was
also evident that further developments in IoT, fog, and cloud service are needed as well. Reliability,
resilience, and ease of use will be critical factors for IoT deployments to be used in real farms. The ease of
use is not only related to installation and on-field activities, but also how the collected data is used in the
evolution of cloud services. Machine learning techniques must be automated in order to keep systems
operational. Especially the Italian pilot showed that the sharing of data really has value. By sharing their
field data, the farmers save their common water and their costs, as the water distribution can be optimised
to serve everyone better.
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