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ABSTRACT: The Internet of Things (1oT) is quite used in Smart Agriculture because of the use of 10T sensors that can provide
information related to the agricultural fields on which the crops are growing. This paper aims to illustrate the results achieved
using evolutionary technologies, i.e., 10T in precision agriculture to monitor environmental factors and to improve the
efficiency of efficient crops. Based on significant characteristics of cloud computing and key techniques of IoT technology,
Libelium-based IoT platform can help building up an enormous database comprising numerous agricultural production
parameters. The main feature of this paper consists in outlining the monitoring of temperature, humidity of soil, relative
humidity, atmospheric pressure and solar radiation in the agricultural field through sensors using the Libelium station. By
means of data transmission protocol, vital information will reach farmers using Wi-Fi technology, information based on which
they can decide if their crops need irrigation or not.
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1. Introduction

In most underdeveloped countries, the vital role of economic and social development is represented by the agricultural domain,
so information on crop and plant health is essential for improving the agricultural sector [1]. The farmers are still using traditional
methods for agriculture, which results in low yielding of crops and fruits so an improvement solution may be provided by
automatic types of machinery. There is a need to implement modern science and technology in agriculture for increasing the yield.
The new improved generation of agricultural systems knowledge, models and products aims to achieve a more sustainable and
productive agriculture that uses all the knowledge of data acquisition, modeling, computing power and information technology
[2-4]. Modernization of agriculture through the use of IoT technology leads to an increase in production by monitoring each of
the sensors required for agricultural crops [5]. The monitored parameters are very useful in agriculture and provide information
about the state of the crops and the need for irrigation or not [6]. Monitoring environmental factors is a sufficient solution to
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increase crop yields, as there are other factors that lead to declining productivity such as timely use of chemical fertilizers. The
IoT platforms have become an essential part of loT deployments; therefore there are several types of such platforms and
vendors focused on go-to-market strategies.

The IoT characterizes human life, objects, and things. In the present, a lot of devices have joined through the Internet.
Nonetheless, by substituting precision agriculture technologies alternatively of traditional agriculture systems can able to get
excellent production outcome to maintain the problems [7, 8].

In the last years, technology influence agricultural crop production. With the support of sensor that measures a different type
of parameters, farmers can see their crops, and if the temperature of the soil is ok [9], soil moisture [10], an occasion of plant
diseases and pests in plants [11]. Farmers respond on time to protect crop loss depending on received information from the
sensor devices. IoT farmers can have good products based on precision agriculture systems [12].

The main goal of the paper is to illustrate results achieved using a Libelium-based IoT monitoring platform for precision
agriculture. Based on the registered parameters, several vital information for monitoring of the precision agriculture, can be
available to the farmers.

This article is divided into 5 sections: the first Section contains the introduction, the 2™ Section contains a brief presentation
about IoT-based monitoring solutions and the 3™ Section contains information about Libelium precision agriculture platform.
The 4™ Section illustrates the results of our studies and the last section presents the drawn conclusions.

2.IoT-based Monitoring Solutions: Related Work

Climate changes contribute to the issues occurred in agriculture domain therefore the agricultural sector needs to adapt to the
new technologies for data monitoring and transmission.

Farmbot is a device used to solve problems in agriculture, but on a small scale [13]. It also has an application that can configure
and control Farmbot from your browser, laptop, tablet or mobile phone. The application has real-time manual commands and a
module that allows creating routines execution. The application receives the user input commands so that it can create the type
of farm. The Message Queuing Telemetry Transport (MQTT) Gateway is the interface between the Web application and the
Farmbot device. Decision Support System analyzes the data collected by sensors and based on them they use algorithms that
will optimize the events programmed by the system. For example, considering meteorological forecasting, soil moisture and crop
type, Farmbot can decide what water needs to be used to irrigate the plants. All information collected is stored in a database [ 14].

FarmBeats is an [oT platform for agricultural practices that collects data from various sensors and drones with cameras. The
FarmBeats system works even when weather conditions are not favorable. Data collected by FarmBeats sensors are stored in a
Cloud that also allows them their indefinitely analyze. The architecture of the FarmBeats system consists in different type of
sensors necessary for Smart Agriculture and also for the measure of the air quality. Following specific parameters (humidity and
pH) and collected data are transmitted to the IoT station using a Wi-Fi protocol. The IoT Base Station is powered by solar
panels. Un-like other solutions used in agriculture field, the system is equipped with video cam-eras and drones that capture
images and send them to the station via a Wi-Fi connection [15].

The British pioneer technology Kevin Ashton proposed in 1999 the term Internet of Things (IoT) defining interconnected
devices that can communicate with each other [11]. The Cloud testing platform uses different types of sensors that monitor a lot
of parameters used in agriculture and data are transmitted to the producers. The cloud testing environment provides for the
platform a This Remote Terminal Units (RTUs) transmit data using GSM (Global System for Mobile Communications)/ or GPRS
(General Packet Radio Service) sensors to the Cloud platform, where data is processed in real time and displayed in the Web
viewer application with detailed information on power generation and optimized energy revenues. The system can be connected
to other systems management for better use of resources, considering certain factors such as energy price, consumption trends
and improved risk management [17].

IoT technology is having disruptive impacts on an extensive range of industries including public transport, agriculture, environ-
mental science, and robotics. In many of these fields, IoT is becoming a key enabler of innovation and success and corpora-
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tions are willing to invest in such new technologies.

IoT is applied in several areas such as precision system [ 18], management of supply chain products [19], smart grid management
system, monitoring smart environmental system [20] to minimize consumption of power and enhance performance.

CLAY-MIST measurement index implementation is a state-of-the-art technique used for measurement and monitoring persis-
tence. It consists of a microcontroller board which receives data from the physical layer connected to sensors to monitor
agriculture field. It also evaluates the plant growth [21].

Machine-to-Machine (M2M) telemetry software consists of a server architecture that collects data from differently gateways
and makes it available for specialized analysis. The server is that part of the software in which all the actual processing data takes
place: storing data in the database and give information to the customers during the connection [22].

Libelium-based measurement solutions for precision farming have been used and proven to be effective across the world in
numerous case studies on different crops and crops, also taking into account meteorological phenomena so important for Smart
Agriculture. [23].

Therefore the increase in productivity and the efficiency of Libelium platforms are also adequate for Romanian agricultural
systems and this is the main goal of this paper.

3. Libelium-based Platform for Precision Agriculture

In Smart Agriculture, parameters such as soil and air humidity, temperature, pressure, and solar radiation vary from one area to
another, and these measurements lead to the need for a very flexible irrigation system to adapt to all weather conditions. In order
to have a good irrigation system it is useful to have a communication network sensor to meet any requirements. Wireless
sensors are very important for precision farming, being a solution for developing countries [24].

There are many problems related to agriculture, and these problems addressed also in this paper include:

* Irrigation of Crops

Irrigation is essential in agriculture, especially in areas where precipitation is not sufficient for crops. Nowadays, many irrigation
mechanisms, such as dripping and sprinkling by irrigation are the most widely used. The main purpose of these irrigation
methods is the controlled distribution of water in the required area if the water could be saved without compromising the water
culture requirements. To find out the amount of water needed in agriculture, IoT plays a vital role in providing different solutions
[25-28].

* Pesticide used for Productions

Using fertilizers in an appropriate amount of maximizes crop productivity. Application of fertilizer and distribution of the required
amount of fertilizer in the right place can lead to water quality decline and support the growth of algae. The use of IoT
technologies is essential support in terms of time management, control of the number of pesticides and fertilizers. [29,30].

* Crop, Soil and Meteorological Parameters

Monitoring meteorological parameters is an essential stage of agriculture. Knowing the situation of soil, crops and weather
phenomena is necessary for farmers because their decisions to irrigate the crop, spray pesticides, apply fertilizers are based on
the current state of the vegetables. Sensor network technology is used to measure local climatic parameters as well as to measure
soil and plant status [25-27].

The Libelium acquisition platform is composed of modular acquisition nodes (Waspmotes) and the Meshlium device, which acts
as loT-Gateway. The data acquisition modules connect via 4G / WiFi to the Internet or another (private) network to which
Meshlium is connected and sends data to it. Once parsed in the Meshlium, the IoT gateway stored the data in a MySQL
database that ensures local persistence of data. Sending data to Cloud is done through a software component that serializes
data to an MQTT broker. Next, through the Adapter component (a software application developed in Python programming
language), is basically an MQTT client that subscribes to several topics and stores the data received from the sensor in the
database. For data visualization we used Grafana. The data flow architecture is presented in Figure 1.
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Figure 1. Data flow architecture

The appropriate settings have been made and the collected data using Libelium platform. Collected data include information
regarding air temperature, relative humidity, atmospheric pressure, solar radiation and humidity of soil. The results are presented
in Section 4.

4. Results

Libelium telemetry is used in this article and we analyze it for a period of one month (March 2018) the parameter for agriculture.
This month was taken into consideration since it represents the transition from winter season to spring season. The monitoring
of parameters specific to precision farming was carried out in an area cultivated with vineyards in a residential area in Bucharest.
As aresult of measurements, a series of information on pressure, temperature, solar radiation, humidity is stored, which is stored
in a database. In figure 2, 3, 4, 5 and 6 it can be seen the variation of this parameters for one month.

Temperature[°C]

S A N o N & O ®

Figure 2 . Variation of air temperature in March 2018
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From figure 2 it can be noticed that the transition from winter season to spring season is correctly registered by Libelium
monitoring platform. As expected an increase in temperature values is noticeable from the middle of the month which can be an
indicator that the farmers can start planting the crops around this time period.
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Figure 3 . Variation of relative humidity in March 2018

Still, although March is considered a spring month the relative humidity remains approximately constant (figure 3) since the
temperature values do not vary too much (around 8-12°C in Figure 2).

103500

103000

102500

102000

101500

101000

100500

Atmospheric pressure [Pa]
—_

99500

99000

11
16
21
26
31
36
41
46
51
56
61
66
71
76
81
86
91
26
101
106
111
116
121
126
131
136
141
146
151
156
161
166
171
176
181
186
191
196
201

Hours

Figure 4 . Variation of atmospheric pressure in March 2018

From the analysis of the graphs (figure 4 and figure 5) we find that the causes of minimum (99500 Pa) and maximum (103000Pa)
atmospheric pressures are the daily variation of the air temperature (figure 2) over which overlaps the solar radiation, which
produces a phenomenon similar to the tides called the atmospheric tides with a period of 12 hours.
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Figure 5. Variation of Solar Radiation in March 2018
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Figure 6. Variation of humidity of soil in March 2018

Parameters Mean Value Standard deviation Confidence Level (95.0%)
Air temperature 45 021 042

Relative humidity 74.74 0.92 1.80

Atmospheric pressure 101379.2 43.13 84.80

Solar radiation 2474.64 207.28 407.53

Humidity of'soil 3141 0.19 0.37

Tabel 1. Statistical analysis of measured parameter
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From the analysis of the graph (figure 6) we find that, according to the technical data from the Libelium Station, the soil moisture
is quite low. As conclusion crops irrigation is needed in order to have healthy crops. Table 1 presents a statistical analysis of the
parameters measured during this period.

From the analysis of the table no. 1, it is found that for each monitored parameter, confidence level (95%) is given by the
probability that the studied values are within this range.

5. Conclusion

Libelium-based platforms used for parameters monitoring in precision agriculture prove their efficiency in various uses cases [24].
This paper aims to illustrate that such platform can be successfully used in Romanian agricultural field and, from the Libelium
probes, there can be observed the humidity of soil and other meteorological parameters which are necessary for the growth of
plant.

The measured values are transmitted through the Meshlium gateway, and these are validated and then transmitted to the farmers.
The emergence of these parameters monitoring and transmission systems, highlights the need for collecting the soil-plant-soil
actions that are so useful in agricultural production. Moisture of the monitored soil shows the need for soil irrigation, and the
measurement of solar radiation, temperature, relative air humidity give information on crop development in an optimal environ-
ment.

For example the transition from winter season to spring season is emphasized by the collected data for air temperature parameter
monitored by Libelium platform and farmers can use the values to determine the best period for crop planting. The use of solar
panels for powering the Libelium station leads to a very good energy efficiency.
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