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Abstract—

This paper presents a case of study of a IoT cloud plat-
form composed of a microservices architecture that has been
developed to integrate the CRITERIA-1D into the ZENTRA
cloud. CRITERIA-1D is an open-source agro-hydrological
model developed by ARPAE simulating one-dimensional
soil water fluxes, crop development, and crop water needs.
CRITERIA-1D comes with a default set of crops and soils
that can be used or tuned for a specific scenarios. Taking
as input the weather forecasts (i.e., temperatures and pre-
cipitations), the model can be used to predict the soil water
content and soil water potential at different depths. Along
with the design of the implemented solution, this paper
presents the process of tuning crop and soil parameters for
a specific use case. The results show that the tuned model
estimates very well with respect to the measures observed by
sensors, paving the way to its application within the larger
context of the METER’s ZENTRA cloud.

Index Terms—Agro-hydrological model, soil water content fore-
cast, microservices architecture

1. Introduction

The population projections of the Food and Agriculture
Organization (FAO) make in evidence that will be necessary
a significant increase of the production of food and non-
food agricultural products [1]. In this context, the ability to
forecast the irrigation requirements may help in the process
of managing water resources, bringing advantages in terms
of water-saving.

One of the parameters that might be highlighted in pro-
cess of water saving is the soil water content (SW C) where
it plays a crucial role in the management of the irrigation
[2]. The SWC can be registered in different ways, one
common way is to use soil moisture sensors yet its precision
depends on site-specific parameters and proper calibration of

the sensors [3]. Another possibility is to simulate the SWC
using numerical solutions that have advantages in terms of
cost, temporal, and spatial data availability [4] such as the
CRITERIA-1D model.

The CRITERIA-1D is an open-source solution to sim-
ulate the main hydrological process of the soil-plant sys-
tem [5] where its parameters can be adjusted for different
farmers in different locations. The model uses as input
weather data such as minimum and maximum temperatures,
precipitation, and crop and soil characteristics to provide
as outputs the soil water content (SW ('), Leaf Area Index
(LAI), and crop evapotranspiration (ET.) among others
parameters.

CRITERIA-1D has been recently adopted and evaluated
within the EU H2020 SWAMP project [6] showing its po-
tential for commercial-scale applications. However, models
like CRITERIA-1D rely on a high amount of meteorological
data acquired by weather stations that might not be available
for all farmers. This problem, can be solved with the Internet
of Things (IoT) paradigm [7] plays a key role, where IoT
platforms can access different external services that provide
meteorological data [8] leveraging to solutions for resource
optimization and decision making [9].

In this study case, we present a project by the METER
GROUP which aims to include CRITERIA-1D [10] outputs
of SWC into the ZENTRA Cloud [11], a Web application
to visualize, manage, and share measurements from several
types of sensors. The IoT platform uses microservices archi-
tecture with different components for data acquisition and
integration of the CRITERIA-1D model into the ZENTRA
cloud. Nonetheless, the parameters tuning process and eval-
uation of the SWC outputs of a potato crop carried on the
study site are presented and discussed.



2. Related Works

Many works on the IoT platforms in agriculture rely on
Wireless Sensor Networks (WSN) built on the location of
study, like the work of [2] that uses wireless sensors spread
in different locations of the test site to collect data from soil
matric potential and soil water content along with a weather
station to register different environmental data. This work
also uses a machine learning model to forecast such data,
creating an irrigation advice system.

The work of [12] has a different approach where a wire-
less mobile robot with a Raspberry Pi 2 was equipped with
different sensors to monitoring environmental data registered
by soil moisture, pH, C'Oy and Thermo-Hygro sensors.

The work developed by [13] uses a WSN to collect
data of soil temperature and soil water potential with a soil
temperature sensor and a watermark sensor and send this
data to a cloud database as well as the work of [14] that
used only soil moisture sensors with a machine learning
model trained to output the soil moisture forecast.

The works of [15], [16] and [17] proposes new devices
that use a WSN based low power Long Range Wide Area
Networks (LPWAN) to collect data from soil moisture sen-
sors and sent this data to cloud IoT platforms or use on local
applications.

However many WSN solutions rely on site-specific and
monolithic software architectures where the configuration,
update, and scale of these solutions becomes a difficult
task. By adopting a microservices architecture [18], the
independent components that compound the platform can
be scaled, changed, substituted, and deployed independently
[19].

One example of an IoT platform that uses microservices
is the work of [20] where architecture for IoT platform for
agriculture is proposed.

The microservice architecture as its core can be also
found in [21] and [22] where an [oT platform for agriculture
is proposed using the FIWARE Generic Enablers (GEs) [23]
to acquire, process, and store data.

The IoT platform proposed by [24] collects data from
different types of sensors, cameras, and drones and provides
data availability, capacity, cloud connectivity, and data fresh-
ness with a myriad of microservices.

Different from the other authors the work of [8] has
a step further and proposes and tests an IoT platform on
a commercial scale farm and determines the five main
requirements of this type of platform being the scalability,
flexibility, heterogeneity, robustness to failure, and security.

3. System Architecture

Figure 1 shows the microservices architecture designed
for the project. The architecture is composed of the follow-
ing services:

o The SPARQL Event Process Architecture (SEPA)
[25] is the core service of the system which enables
the interaction of the other services. SEPA is based
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Figure 1. Microservices architecture implemented to integrate CRITERIA-
1D into ZENTRA Cloud

on Linked Data technologies [26] and provides in-
teroperability through shared ontologies.

o The Blazegraph [27] RDF database service, where
all the data coming from different sources (e.g.,
weather forecasts, CRITERIA outputs) are store ac-
cording to the W3C SOSA Ontology [28].

o The Weather Forecast service provides a set of func-
tionalities to retrieve weather forecasts from online
services (e.g., OpenWeather [29]).

e The CRITERIA service feeds the CRITERIA-1D
model with the weather forecasts retrieved from
SEPA and stores the model outputs back into SEPA.

o The CRITERIA-1D model [30] is responsible to
process the forecast data and produce the SWC.

« The CRITERIA REST API provides an endpoint for
the ZENTRA Cloud to retrieve the model forecasts
in the JSON format.

To ensure data availability, the platform runs on a cloud
environment hosted by VAIMEE srl. [31] where all the soft-
ware components are encapsulated using Docker containers
[32] and the containers are managed by Portainer platform
[33].

4. Study Site

In this study, an experimental site was selected as shown
in Figure 2. The site is located on the coordinates of
longitude 111.78W, latitude 42.61N and has an elevation
of 1705m above sea level. The climatic classification of
this location is cold without a dry season and with warm
summer (D fb) [34]. This site has a TEROS12 [35] soil
moisture sensor which collects soil data of water content at
15¢m, 45¢m, and 75e¢m (SWC'15, SW(C45, and SWCT5).
Nonetheless, this site has also an ATMOS-41 [36] all in one
weather station to record weather observations.
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Figure 2. Study site

4.1. Weather Data

As inputs of the CRITERIA-1D model, it was used
the temperature from the local weather station, and the
maximum and minimum temperatures retrieved from public
weather forecast API for the same location are shown in
Figure 3.

The precipitation from the weather station was also used
as input. In this case the ATMOS-41 weather station record
both the irrigation and rainfall events as shown in Figure 4.

In this site, the data collected covered the period of
May/2018 to September/2018 in which a potato crop was
being cultivated.
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Figure 3. Temperatures data used as input on CRITERIA-1D

5. CRITERIA-1D Tuning

An important part of the study is the evaluation of the
model on a pilot site. To evaluate the CRITERIA-1D model
is necessary to configure the soil and crop characteristics.
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Figure 4. Precipitations events used as input on CRITERIA-1D

5.1. Soil Characteristics Configuration

The soil characteristics were provided by the farm spe-
cialist where the soil parameters come from previous studies
carried on the site.

The soil is divided into four horizons with a very ho-
mogeneous classification where almost the same percentage
of Silt Clay Loam can be found in the four of them.
Notwithstanding the farm also has the water retention and
water potential curves for the first and second horizon which
can be integrated into CRITERIA-1D soil configuration for
better simulations.

To model the study site soil into the CRITERIA-1D
model, the four soils were created with their upper and
lower depth, percentages of sand, silt, and clay, and the bulk
densities as shown in Table 1. The water retention and water
potential curves were used to model the water infiltration
on the first and second horizon while the third and fourth
horizon was modeled using the sand, silt, clay percentages,
and bulk density data.

TABLE 1. STUDY SITE SOIL CONFIGURATION

. Upper Lower Organic . Bulk
Horizon dgll))lh depth milter Sand Silt Clay density
1 0 30.48 1.5 9 31 59 1.6
2 30.48 60.96 1 7 37 56 1.6
3 60.96 91.44 0.7 7 36 58 1.6
4 91.44 106.68 04 7 33 60 1.6

5.2. Crop Characteristics Configuration

The potato crop was modeled with parameters acquired
from the environmental regional agency ARPAE Emilia-
Romagna [37]. However, due to the different characteristics
of the study site, some parameters must be updated.

The first one was the thermal thresholds in which the
temperature variation on the study site is quite different
from the one in Italy, being changed to 5°C and 35.0°C for
the Upper thermal thresholds. The sowing day was changed



to 140, and the degree days that Leaf-Area-Index (LAI)
decreases were also updated to reflect the crop growth of
the pilot site being changed to 500.

Once the irrigation/rainfall events were detected by the
weather station it was disabled the irrigation suggestion
mode implemented by default.

All the other parameters could be reused being the crop
cycle duration of 150 days, the minimum leaf area index
(LAI,,;) of 0.0, and maximum leaf area index (LAI,q.)
of 3.5, the degree of emergency days still 100 and degree
days that LAI increase still 700 and the maximum crop
coefficient (k._,mqz) still 1.0.

The potato’s root-related parameters were configured as
initial root depth as 0.04; max root depth as 0.5; root shape
as 4; and the root shape deformation as 1.0; degree days
that root increase as 1000.

6. CRITERIA-1D Output Evaluation

In order to evaluate the CRITERIA-1D results with our
configuration, the equation 1 of the determination coefficient
(R?) was used by comparing the SWC' from the TEROS12
sensor with the SWC' from the CRITERIA-1D output.

J(Em - P)) (S - o))

Where n is the number of observations, P; is the
SWC output from CRITERIA-1D, P is the mean of the
CRITERIA-1D SWC' outputs, O; is the SWC' outputs
observed by the TEROS12 sensors and O is the TEROS12
sensors observations mean.

7. CRITERIA-1D Output Results

As shown in Figure 5 the CRITERIA-1D model was able
to model the first soil depth with a resulting R? of 0.8822.
The general trend was well modeled by the CRITERIA-1D
although some over and underestimations can be observed
in certain periods which indicated that the sensors’ mea-
surements seem more sensible to the precipitation events,
leading to more oscillations in the curve.

For the second soil depth shown in Figure 6 a better
fitting was obtained by CRITERIA-1D with an R? of 0.9863
even with a slight overestimation yet The CRITERIA-1D
model still modeling the right water behavior on the soil.

The results obtained for the third soil depth point to the
same behavior on both simulated and sensed data leading
to a R? of 0.8794. However, the CRITERIA overestimation
can be observed on this depth too.

8. Conclusion

This study presents an IoT platform in the agriculture
domain to integrate the CRITERIA-1D model into the Zen-
tra cloud, this paper also presents a CRITERIA-1D config-
uration and its simulation results for different soil depths.
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Figure 5. Soil water content at 15 cm depth from TEROS12 soil moisture
sensor and 25 cm depth from CRITERIA-1D
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Figure 6. Soil water content at 45 cm depth from TEROS12 soil moisture
sensor and CRITERIA-1D
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Figure 7. Soil water content at 75 cm from TEROS12 soil moisture sensor
and CRITERIA-1D

The microservices architecture proposed put in evidence the
potential of IoT platforms in the agriculture domain leading
to the possibilities to use data from different services to
feed the CRITERIA-1D model and integrate these data into
the Zentra cloud. The results achieved with the CRITERIA-
1D model with the proper soil and crop parameters show
the potential of the model to predict the soil moisture at
different depths. As future work The REST API will be
extended to allow the configuration of the model parameters
and to provide an overall configuration to run on multiple
fields.
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