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Abstract

In order to provide the best growing conditions for roses in a greenhouse, a Wireless Sensor Network has been designed and
implemented that allows for agricultural environment data collection such as temperature, humidity and light. Each sensor node
can transmit monitoring data to the cloud. Data mining techniques were used with the purpose of identifying behavioral patterns
given the environment conditions captured by the sensor network. The operationalization of this research was taken as a case study
within the rose greenhouses available to Universidad de las Fuerzas Armadas — ESPE, Ecuador.

© 2017 The Authors. Published by Elsevier B.V.

Peer-review under responsibility of the scientific committee of the CENTERIS - International Conference on ENTERprise
Information Systems / ProjMAN - International Conference on Project MANagement / HCist - International Conference on
Health and Social Care Information Systems and Technologies.

Keywords: Wireless Sensor Networks, Data Mining, IOT, Precision Agriculture, Greenhouses.

1. Introduction

Technological development has influenced the dynamics of necessities of people by providing technological
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solutions aimed at improving the productivity of crops'. However, in many countries, like Ecuador, access to
technology resources is a restriction to small and medium producers, given high costs of the technologies or
unawareness of the use of market solutions?. This restricts the competitiveness of those farmers when it comes to the
quality of production. It is therefore required to provide new, low-cost alternatives that allow for the collection and
processing of data in order to obtain information with added value that can improve agricultural productivity.

Problems related to climate change, water scarcity and environmental inattention, demand automated
methodologies and tools that allow adequate decision making with the goal of reducing negative impact caused by
those factors in agricultural production. Information systems melded with information management techniques are
gaining popularity in the global setting®. Studies have indicated that adequate control over environmental conditions
such as temperature, relative humidity, ventilation, among others; prevent the rise of plagues and in case of infection,
help adequate treatment*. In order to control environmental conditions, crops are farmed in greenhouses equipped
with the adequate infrastructure that includes: heaters, ventilators, watering systems, among others, which are operated
manually or automatically, achieving care and preventive actions that improve both quality and production 3.

Greenhouses in Ecuador, where this work took place, are installed in sites that lack reliable Internet access, which
complicates the tasks of monitoring and crop control®. Information management is manual and there is no crop-
specific empirical data, affecting decision making. Therefore, it is needed to strengthen the use of information and
communication technologies as Wireless Sensor Networks (WSN), together with the use of data management
techniques, to provide predictive solutions that support adequate decision making and opportune management of crop
production. WSNSs, used in the Internet of Things projects as information collection agents, allow capturing great data
flows that support determining behaviors and predicting environmental variables that influence the growing of crops’.

A WSN is a network formed by a series of small low-cost, low-energy, easily-deployable sensors®. Providing
scalability, flexibility and cost reduction, it is a viable solution for precision agriculture applications® 1. 1In this
context, precision agriculture refers to data detection, collection, and transfer to a control station for decision making,
in order to improve the performance of crops and assure sustainable growing. WSN technologies are used in
agriculture to provide remote monitoring of parameters such as temperature, relative humidity, luminosity, among
others, in order to create a simple and effective interaction environment to monitor the growing of crops'" 2.

There are several technological solutions in order to motorize climatic conditions in the yard or greenhouse,
however, most of those implementations provide individual monitoring and represents a strong investment, many of
husbandmen cannot effort this amount of money to put on this solution in their greenhouse. Therefore, it is imperative
to provide a solution which can be implemented by small agriculturalists.

This work’s goal was the development of an environmental conditions monitoring system applied to high precision
agriculture, within a controlled environment. For this, a WSN was developed within a greenhouse of roses. The sensor
network allows environmental conditions data collection, visualization in a web or mobile application and
subsequently, using data mining techniques, obtaining a prediction model with good accuracy.

Nomenclature

WSN  Wireless Sensor Networks

What remains of this article is structured as follows: Section 2 presents the state of the art. Section 3 describes the
developed system, its architecture, design and tests. Section 4 describes the web/mobile application, its architecture
and features. Section 5 describes the prediction model, the tests, results and discussion. Finally, in Section 6 some
conclusions are derived and future work is advanced.

2. State of the Art

In this section, we compile some works with similar experimentation alignments to that of ours; we highlight their
progress and differences when compared with this work’s goal.

Work done by Bhargava K et al.'* proposes a WSN design, that constructs a decision-making support system for
the prediction of apple plagues, helping to identify periods that are prone to infection using registered temperature and
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foliar humidity measurements. Xinjian Xiang'4, designed a ZigBee WSN for drip watering. Four parameters were
measured, soil moisture, temperature, light intensity and electric conductivity for decision making. Jzau-Sheng Lin et
al.!’ designed an agricultural environment monitoring system, based on a precision agriculture WSN using the System
on Chip (SoC) platform which significantly reduces cost and physical size. Dursen and Ozden'® have developed an
automated watering system and have experimented with it on cherry trees; they detected water content in specific
areas and implemented an automated drip watering system, developed using Bluetooth.

Another interesting worked realized by Yoo S. et al.!” proposes a precision and intelligence agricultural system,
Automated Agricultural System (A2S), to monitor and control the growth process of melon in greenhouses. Zhao
Liang et al.'® propose an intelligent prediction system for the agricultural field based on wireless sensors, providing
the agricultural producer with necessary information for adequate decision making. Data flows conform a knowledge
base and through diffuse inference rules provide intelligent watering mechanisms. They are present as a proposal, but
make no reference to application in a specific variety of crops.

In the revised readings, the focus is on design and implementation of WSNs to monitor environment variables,
information is collected and is transmitted to a central repository. In some cases, this information is inferred using
environmental intelligence to define actions that can be completely automated in greenhouses. In Ecuador, due to an
absence of a repository of data related to environmental factors that impact in opportune crop production, it is
important to provide a low-cost mechanism to be implemented in passive greenhouses with limited technology. This
mechanism will allow putting forward trending actions to better productivity.

3. WSN system construction

In this sections we will show what our proposal in the implementation of a low-cost WSN is, its architecture, web
network design and results obtained in this solution.

3.1. Architecture

In Fig. 1, we describe each component in our solution in a general way as follows: our proposal consists in a
technological platform based on the Zigbeel protocol used by Xbee?2 cards, for the wireless transfer of a great volume
of data. As shown in Fig. 1, the platform relies on electricity-fed collector nodes which obtain data related to four
variables of interest which are environmental temperature, relative humidity, soil moisture and light intensity. The
data obtained by the collector nodes are managed by router nodes based on Xbee cards configured in routing mode.
Finally, there is a central node using Arduino and Raspberry Pi cards send data to a central Big Data repository and a
monitoring and prediction client application. Information coming from the WSN is analyzed to establish techniques
that allow gaining knowledge of these environmental conditions and foresee behavioral patterns within these.

— - zigBee ZigBee

Single Board Computer(SBE) Server

Fig. 1. System general architecture.



Schubert Rodriguez et al. / Procedia Computer Science 121 (2017) 306-313 309

3.2. Node design

In the construction of the WSN, a web type network was designed based on the following three types of nodes:
data nodes, router nodes and coordinator nodes. The data node, in its first version, was constructed with an Arduino
Mega board and an Xbee series 2 pro device. This allows for the transmission of data using a cyphered protocol,
through the coordinator node and the router node, which are the media in charge of transmission of collected
information and compressing the information route.

The temperature and environmental humidity, soil moisture and luminosity variables considered for this
experiment require that the prototype use sensors for these characteristics, considering the minimum and maximum
factors detailed in Table 1.

Table 1. Manufacturer specified ranges per type of sensor.

Sensor Measurement values(¢)

DHT 22 Temperature: -40 a 120 °C
Humidity: 0 a 100%

Photocell Lux: 0-999

FC-28 Soil moisture: 0 a 100%

This prototype is made up of two sensors per type having an experimental coverage radius of 2.8m. For data
transfers, a track formed by a header and distributed message body was collected, unified and standardized as
illustrated in Fig. 2.

0ilMoisture3_environmentHumidityl_enviromen

Fig. 2. Parameters plot.

The data node, in its first version, was constructed with an Arduino Mega board and an Xbee series 2 pro device.
This allows for the transmission of data using a cyphered protocol, through the coordinator node and the router node,
which are the media in charge of transmission and compressing collected data.

Within it, strings are received and processed. After this, the node carries out an HTTP request to the external
database server (MongoDB) through a RESTful web service, which contains the needed methods to perform NOSQL
database operations to consume the information. Fig. 3 shows the data node diagram.

Fig. 3. Date node diagram.
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3.3.Testing and experiments

During the node implementation, some functionality tests were developed that initially consisted in confirming
how many sensors can form the node without the readings being compromised. On top of that, the correct functionality
of each sensor was confirmed, validating readings for each sensor within the node and verifying that these were within
the manufacturer specified ranges. Afterwards, the correct building of the track that is sent from the greenhouse node
to the controller node and the correct conforming of the structure that is sent to the database server was verified. The
controller node data was also checked for integrity after being transmitted through the HTTP protocol. Latency
between information being sent and received was then confirmed. Finally, testing what happens to data if the
connection is inactive and for how long this non-sent data is queued for transfer took place.

After monitoring the node functionality during ten weeks, a different node was implemented to contrast with
existing data in a different section of the greenhouse.

4. Client application

The client application is built as one more component to the system. In this section, we describe its architecture
and features. The prototype is an application available to any browser or mobile platform.

4.1. Architecture

The client application’s physical architecture is divided into client and server like most web and mobile applications
and it has a three-layer logical architecture (Fig. 4): The resource layer, which consumes the database and REST
services; the Server layer, which accesses the micro services, a querying framework and a Datagram Delivery
Protocol; the Client layer that manages data cache, navigation logic and application rendering.
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Fig. 4. Client application architecture.
4.2. Application features

The application consumes data taken from the sensors and displays them in a format understandable to the farmer.
This is done in real time with a time of under ten seconds, as long as the node is operative. The application provides
an authentication method and access through a Log-in, validated through a confirmation email.

One of the main functionalities of the application is allowing the farmer to monitor the greenhouse’s status in each
zone where a node is found and see the measurements that each sensor is taking. The results are shown in a traffic
light alert system as shown in Fig. 5.
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Fig. 5. (a) Node list in the greenhouse (b) Monitoring page/screen.

Another functionality, allows the farmer to parameterize optimal conditions for the different varieties of roses or
crops that are being grown (Fig. 6). The parameters can define optimal and acceptable conditions for growth of the
product monitored by the sensors.

Fig. 6. Parameters page/screen.

Another of the application’s features is presenting the greenhouse’s status in graph form that shows sensor readings
within the greenhouse and distinguish if in any zone there are better conditions than the others (Fig. 7). This
functionality will also be available with data resulting from prediction models.

The application also presents forecasts of environment conditions, based on collected data, consumed from an API
containing a forecast model built with WEKA. The current status of the application allows integration with this
functionality which is still under development.

Fig. 7. (a) Graph temperature tendency (2 sensors) (b) Graph soil moisture tendency (3 sensors).

5. Predictive model

The collected data is prepared with a parameterized script in order to be mined. Subsequently, it is processed
through the learning tool to generate a prediction model. The temporal and numerical nature of the data looks to adjust
itself to the algorithm that gives the best results and can show a prediction with the least amount of deviation to the
parameters that were taken for the study.

To date, approximately 1,250,000 records of data were collected. The data has been grouped through a statistical
media in 30 minute intervals forming sets for each of the variables; each data set is organized taking into account a
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total of four, three or two previous hours to predict the next thirty minutes. Data sets are presented raw and normalized,
the former being as they were as collected by the nodes and the latter normalized between zero and one, according to
Ecuador’s climate condition ranges.

5.1.Testing and experiments

To date, three prediction model-making learning algorithms have been used to perform tests: linear regression'?,
neuronal networks?® and support vector machines (SVM)?!,

Tests consisted in using each algorithm with different sets for each variable (raw and normalized), each of these
conditions classifying the data using and not using standard deviation for each attribute. Total data was distributed
70% for model training and 30% for testing.

To search for a variable’s prediction model, two scenarios can be considered, one where previous values for the
other environment variables are taken into account or another where only previous values for the target variable (the
one which value we want to be able to predict) are considered. Here, we report results for the temperature target
variable. To evaluate the results obtained in each test, the correlation coefficient, mean absolute error and relative
absolute error are considered; these three parameters are what indicate how optimal a prediction model is. For every
learning algorithm were selected the best scenarios after trying the most of all possible combinations in parameters
like hidden layers in neural networks and complexity in SVM. An amount of twenty test were made for each scenario.

5.2. Results

Construction of the predictive model is in development. However, the results obtained so far look quite promising.
The Linear regression results show that it is a good prediction algorithm for this phenomenon. The best result set
within the tested scenarios used only previous temperature data as inputs (i.e. without considering values form other
environment variables) and without taking into account standard deviation. A relative absolute error of 13.18% was
obtained. Although the error is high on first look, it corresponds to a mean absolute error of 0.807 °C.

The results obtained with neural networks showed a high mean absolute error of 0.998 °C approximately, which
was the worst results until now. Currently, various algorithm configurations are being put forth to find better results.

Finally, the SVM algorithm also shows to be an acceptable algorithm for this phenomenon. We obtained a relative
absolute error of 11.33 %, corresponding to a mean absolute error of 0.698°C. The results show that SVMs seem to
provide the best prediction model. Currently, work is being done exploring different algorithm parameterizations.

6. Conclusions and future work

The technology that was developed in this project is fundamentally a support and management tool for the
agricultural sector, whose results can extend to other sectors. It is hoped that the predictive system that is being
developed influences directly with decision making in respect to the adequate management of the agro-ecological
parameters of temperature, luminosity and relative humidity, which directly affect in the normal growth of crops. The
goal consists in reaching optimal characteristics of the crops, as size, duration, sanitary status and a proportional and
well-formed floral stem. The proposed system will grant the floriculture a permanent monitoring tool for the
mentioned factors. It will allow farmers to take preventive or corrective actions, when needed, providing a
technological platform based on free software and low-cost hardware, as well as the use of data mining techniques.

The client application constitutes a usable tool for the farmers as it does not force them to be physically present in
the greenhouse to see what happens in real time. The application is in a staging state and is ready to be integrated with
the prediction API once the predictive model is selected and debugged. The two constructed nodes work correctly and
their signal readings do not overlap neither during information collection nor during transmission through wireless
protocols. The learning algorithms are currently being tuned up in order to enhance greenhouse environmental
conditions forecasting. Additionally, a comparison with other techniques will be put into effect.

In the future, a complete solution using different hardware and software components designed during this project’s
work may be put in place. Based on this work, one of the future focus will be the design of a solution that allows for
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automatic control of data regarding phenological states through the use of high-definition cameras and image
processing. Another improvement that can be suggested from the present work is improving the feed sources of the
infrastructure installed in the greenhouse, giving the nodes the capacity of self-sufficiency since the currently need of
an electric connection for them to function.
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