
Chapter 3
Sensor Data

Savvas Rogotis, Fabiana Fournier, Karel Charvát, and Michal Kepka

Abstract The chapter describes the key role that sensor data play in the DataBio
project. It introduces the concept of sensing devices and their contribution in the
evolution of the Internet of Things (IoT). The chapter outlines how IoT technologies
have affected bioeconomy sectors over the years. The last part outlines key examples
of sensing devices and IoT data that are exploited in the context of the DataBio
project.

3.1 Introduction

Sensing devices have been introduced in order to bridge the gap between the physical
and the digital world. In fact sensors are responsible for gathering and responding
to physical stimulus originating from the environment. Different sensors respond to
different environmental input signals such as light, heat, motion, humidity, pressure,
sound, etc. Sensors translate the input signal to a digital one, so that it can be easily
displayed, stored or transmitted over networks and processed in a more sophisticated
way.

Gartner [1] defines The Internet of Things (IoT) as “a core building block for
digital business and digital platforms. IoT is the network of dedicated physical objects
that contain embedded technology to communicate and sense or interact with their
internal states and/or the external environment. IoT comprises an ecosystem that
includes assets and products, communication protocols, applications, and data and
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analytics”. Sensors are at the core of IoT systems and along with sensor connectivity
and network they collect the information to be analyzed by an IoT application.

According to Ref. [2], at the start of 2019, the Internet of Things (IoT) remains
a critical enabler helping organizations achieve their digital transformation goals.
Alongside cloud, analytics, and mobile investments, IoT remains a top priority for
organizations as theymake technologydecisions.Worldwide spendingon the Internet
of Things (IoT) is forecast to reach $745 billion in 2019, an increase of 15.4% over
the $646 billion spent in 2018, according to a new update to the International Data
Corporation (IDC) Worldwide Semiannual Internet of Things Spending Guide. IDC
expects worldwide IoT spending will maintain a double-digit annual growth rate
throughout the 2017–2022 forecast period and surpass the $1 trillion mark in 2022.

3.2 Internet of Things in Bioeconomy Sectors

With emergence of the Internet of Things (IoT), a hype in the proliferation of use
and application of sensors in almost every vertical domain is being witnessed. One
of the domains that has been taking advantage of sensor data is agriculture [3]. As
smart machines and sensors crop up on farms and farm data grow in quantity and
scope, farming processes will become increasingly data driven and data enabled
[4]. The development of highly accurate embedded sensors measuring the environ-
mental context inside farms has led to the enablement of precision agriculture [5].
Precision agriculture enables smart farming, which includes real-time data gathering,
processing and analysis, as well as automation of the farming procedures, allowing
improvement of the overall farming operations and management, and more data-
driven decision making by the farmers. In smart farming, IoT extends conventional
tools (e.g., rain gauge, tractor, notebook) by adding autonomous context-awareness
by all kind of sensors, built-in intelligence, capable to execute autonomous actions
or enabling their execution remotely. These smart devices provide the required data
to drive real-time operational decisions. Real-time assistance is required to carry out
agile actions, especially in cases of suddenly changed operational conditions or other
circumstances (e.g., weather or disease alert) [4]. Farming is highly unpredictable,
due to its large dependency on weather and environmental conditions (eg. rain,
temperature, humidity, hail), unpredictable events (e.g. animal diseases, pests), as
well as price volatility in agriculturalmarkets. Combining and analyzing data streams
provided by sensors in real-time, can help in more informed decision-making and
enable fast reaction to changes and unpredictable events. For example, by combining
sensor data about soil fertility, with web services for weather forecasting, better
decisions could be made about more precise irrigation and fertilization of the crops.
Sensor data can also be used to enable real time monitoring of agrifood parameters,
such as pH, temperature, earth’s moisture or oxygen flow.

With the aid of sensors connected to internet, it is possible to continuouslymonitor
different crops and parcels, even if they are remotely located, as well as to predict
and control yields and food quality. Georeferencing is another important aspect that
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allows agriculturalmachinery to accurately fill the daily needs of different crop types,
without or withminimal human intervention [5]. Livestockmanagement is following
the IoT trends as well, with farmers in Australia being obliged to affix passive RFID
ear tags to their cattle and to report movements between farms to an online national
database [6]. RFID devices are very common and are used to track the geographical
position of individual animals or items such as packages, pallets, shipping containers,
or trucks, which are stationary or in movement during distribution.

3.3 Examples from DataBio

Within the Databio pilots, several key parameters have been monitored through
various sensors. Sensor data have been collected along the way andmade available in
order to support the project activities. Especially, IoT sensor data is exchanged most
commonly via wireless telecommunications technologies (i.e. ZigBee, Cellular),
using various protocols (i.e.MQTT,Websocket) and data formats (i.e. JSON, binary).
In DataBio the following sensor data categories are in use:

• IoT agro-climate/field sensors measuring crop status (ambient temperature,
humidity, solar radiation, leaf wetness, rainfall volume, wind speed and direction,
barometric pressure, soil temperature and humidity).

• IoT control data in the parcels/fields measuring sprinklers, drippers, metering
devices, valves, alarm settings, heating, pumping state, pressure switches, etc..

• Machinery data associated with the operation of tractors, UVs and other actuators
(fuel consumption, position, temperature, operation, etc.) conducting use case
specific tasks in the field.

• Contact sensing data speeding up techniques which help to solve problems.
• Vessel and buoy-based sensor data for numerical measurements, typically

of hydro acoustic, sonar and machinery data (Fig. 3.1).

3.3.1 Gaiatrons

Gaiatrons, designed and built by NEUROPUBLIC, are agro-climate IoT sensor
stations involved in a number of agriculture pilots providing critical in-situ infor-
mation for DataBio. Gaiatrons are telemetric autonomous stations which collect
data from sensors installed in the field that monitor several atmospheric and soil
parameters (air temperature, relative moisture, wind direction and velocity, rain, leaf
wetness, soil temperature and moisture, etc.). They have reached an adequate matu-
rity for outdoor operation (industrial grade) and have data exchange and control
capabilities. Gaiatrons are considered “power starving” systems. They are energy-
autonomous and remain in sleep mode for extended periods of time in order to
minimize their energy consumption needs. They can connect to other stations and to
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Fig. 3.1 Data flow for real-time IoT data processing and decision-making generic pipeline

cloud systems using different wireless connection technologies (GPRS, UHF). Gaia-
trons are specially designed for providing exact fit to the operational requirements
asked from modern smart farming infrastructures. Dense installation network under
the canopy, large scale deployment, low operation cost and mobility are some of
these operational requirements in order for Gaiatrons to be viable and commercially
successful (Fig. 3.2).

Fig. 3.2 Gaiatron station for in-situ agro-climatic monitoring
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Fig. 3.3 AgroNode unit

3.3.2 AgroNode

AgroNode is a radio based data logger device intended to be used in any scenario
where sensor data is collected. AgroNode is used for online measuring of physical
phenomena directly in terrain. The device interoperates with a wide spectrum of
digital sensors and due to the modularity of architecture, it can be modified for a
variety of data transmission technologies—GPRS, LoRa, Sigfox, NB-IoT. It is able
to permanently save sensor measurement data and/or make them accessible online.
Due to solar power, life span is from device point of view unlimited it has also a
battery backup. AgroNode is designed and built by the Lesprojekt company and
utilized in many projects and measuring campaigns in agriculture, forestry, water
management, meteorology etc. (Fig. 3.3).

3.3.3 SensLog and Data Connectors

SensLog is a cloud-based sensor data management component that is receiving,
storing, processing and publishing sensor data [7]. SensLog is storing data in its own
relational data model based on the ISOObservations andMeasurements standard [8]
and extended to functionalities for sensor network metadata and system of alerts. A
NoSQLversion of the SensLog datamodelwas tested during theDataBio project [9].
The SensLog interface provides receiving and publishing of sensor data in various
formats. The main interface is a proprietary REST API with JSON data encoding
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[10]. The core services of OGC Sensor Observation Service 1.0.0 [11] are providing
a standardized interface for data publication.

SensLog is defined as a fully cloud-based environment. All components were
developed as microservices, which in turn means independent components. The
main objective is to separate all systems from each other. The software is designed to
be deployed as a Docker container and managed by Kubernetes orchestrator which
allows scaling each component easily. The individual microservices were written
by modern constructs of the Java language using the Spring framework. SensLog
environment contains 3 types of microservices (Fig. 3.4).

The first service group is connectors and feeders representing the data layer. The
Data connector was created as a self-configured modular application. The main task
is to integrate different data sources into the SensLog system. These data sources
can be another system API, static files, databases, etc. Each module represents a data
source that fetches raw data that is pushed to public APIs of SensLog-processing
via HTTP. The Feeder component gets data directly from individual sensors. Each
wireless telecommunications technology has its implementation.

Nextmicro service is the Processing component, which collects data from the first
group. Data is authenticated, validated and saved to the data store. The Processing
group provides a proprietary API with JSON data encoding optimized for pushing
data to the Data storage.

The last service group consists of Provider and Analytics components. The
Provider publishes access to stored data via public API which can be used for end-
user applications such as client and visualization applications, smart device apps,
etc. The Analytics component is prepared for real-time and batch processing of data
stored in the Data warehouse.

The architecture of the SensLog environment can be seen in the following Fig. 3.4.

Fig. 3.4 SensLog environment architecture
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3.3.4 Mobile/Machinery Sensors

The need of telemetry in mobile agricultural machinery including tractors and
combined harvesters can be seen from different points of view. The authors in this
chapter represent the producer view, particularly the Zetor tractor producer.

• Design and reliability aspects during the development. Tractors and other agri-
culture machines are difficult mechanical products which need to fulfill many
mandatory safety, ecological, reliability and technical standards. The design of
a new product, e.g. a tractor, takes many years. In order to speed up the design
process, innovative technologies are used to make the process process cheaper
and more efficient. An example of such technology is telemetry that can be used
for:

– Remote and real time observation of reliability tests.
– Remote and real time observation of tractor CAN Bus communication, tractor

control units analysis.

• Commercial product for other markets. Telemetry developed as a support for
design and development phases can be very easily adopted for other commercial
exploitation. The main two areas include:

– Telemetric products for farmers. This type of telemetry is supporting work on
the farm and farming functionality. It has a huge potential when implemented
on a farm with a bigger number of tractors and is used for organization of work
on the farm.

– Telemetric products for tractor owners (e.g., banks). This is a relatively new
functionality of telemetry. The reason for this functionality is that the owner
wants to know what happened to the property in real time, in real position and
whether it is well managed.

Machinery sensors and telemetry units can be useful not only for observing
machinery in itself, but it can be used as a way to observe the status and condi-
tions of fields. An example is yield prediction based on observations from yield
sensors on combine harvesters [12].
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