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Plante: An Intelligent Platform for Monitoring and Controlling of Agricultural Environments

Several studies estimate a population increase for the coming decades that will result in a rise in global food demand. In this scenario, the primary sector, especially agriculture, must take a series of measures to modernize its production processes, aiming at reducing waste and increasing production levels. To effect this modernization, the sector must overcome a series of challenges related to its production processes, ranging from planning to quality control. In this context, this paper introduces Plante as an intelligent platform composed by three main parts: (i) a hardware module responsible for collecting environmental data and irrigating agricultural environments; (ii) a mobile application, responsible for monitoring climate aspects, providing weather forecast, and alert the farmer when something is nonstandard with the plantation; and (iii) a network layer to address storage, communication and data processing issues. We present a prototype of Plante to validate the proposal.

Introduction

In recent decades, society has gone through a series of transformations. One of them is the growth of the world's population. The 2019 revision of the World Population Prospects from the United Nations (UN) [START_REF]World population prospects 2019[END_REF] estimates that there are 7.7 billion people worldwide and that this number could grow to around 8.5 billion in 2030, 9.7 billion in 2050, and 10.9 billion in 2100. This phenomenon deserves great attention from the government as well as the general population. If this issue is not properly addressed, it would result in a series of damages, such as the reduction of general well-being of individuals. In particular, one of the expected consequences of population growth is the increased demand for basic services, such as health, education, security and food. To meet this demand, the productive sectors will have to go through modernization processes.

The World Resources Institute (WRI), through the publication of the report Creating a Sustainable Food Future [START_REF]A Menu of Solutions to Feed Nearly 10 Billion People by 2050[END_REF], addresses the issue of demographic growth and the quest for food. The study estimates that a 56% higher food production will be required in 2050 in relation to 2010. Also, the WRI report outlines recommendations for guiding the productive sector to deal with this issue in a sustainable way. For instance, [START_REF] Roger | Mosquitto: server and client implementation of the MQTT protocol[END_REF] To increase food production without expanding agricultural land; [START_REF]Accuweather api[END_REF] To protect and restore natural ecosystems; and (3) To improve soil and water management.

Nowadays, the agricultural industry worldwide produces 2,609 million tons of grain per year [START_REF]Global Information and Early Warning System on Food and Agriculture[END_REF]. It corresponds to the area that produces most food in the world. Despite this large volume, a considerable increase will be necessary to cope with the future food demand. Thus, it is fundamental that the sector goes through a process of renewal and technological advances, aiming to increase the crop productivity within the recommendations pointed out by the WRI.

In this renewal process, the industry will have to solve a series of recurring impasses and shortcomings. One of them is that the increase in crop yields is intrinsically related to the increase in cultivation area. For instance, the Brazilian Institute of Geography and Statistics (IBGE) states that between 2010 and 2012 the branch was responsible for the deforestation of 77,520 square kilometers of forest in Brazil [START_REF]Levantamento e classificação de uso da terra[END_REF]. Only the agricultural sector accounted for 68% of the deforestation observed in this period.

Irrigation management deficiencies are also observed in the field. It is well known that agriculture is responsible for a huge consumption of water around the globe. For example, the Brazilian National Water Agency (ANA) points out that in 2015 the volume of water used in the irrigation process in Brazil was 745 thousand liters per second; by 2030 an increase of 46% is expected, resulting in 1,055 million liters per second [START_REF]Atlas irrigação[END_REF]. It is worth noting that not only the agricultural sector will have a higher demand for water resources, but also the population and several industrial sectors. This data reinforces the urgency to improve water management as adverted by the WRI.

In this sense, the low utilization of plantation monitoring and control technologies is a major drawback, as the adoption of automated solutions offers greater accuracy in data collection. Besides that, automated solutions can be configured to be always available to agricultural decision makers. Due to this factor, farmers often do not have access to accurate information regarding environmental variables such as temperature, air and soil humidity, solar incidence rate etc. This lack of accurate information negatively affects the entire decision-making process, resulting in inappropriate decisions and leading to a number of inconveniences, such as crop losses, waste of crop inputs (i.e., fertilizers, seed, etc) and reduction of profits.

Given the importance of agriculture for food supply worldwide and the benefits of Information and Communication Technologies (ICTs) for its improvement, this paper presents Plante, an intelligent platform for monitoring and controlling of agricultural environments. The platform is divided into three main parts: a hardware module called Plante Box, a mobile application called Plante App, and a network layer to allow the communication between the Plante Box and the Plante App. The solution provides a set of features to help the decision maker (farmer), such as the visualization of data collected by sensors, the reception of alerts and suggestions for preventive and corrective actions, the visualization of weather forecasts and the controlling of actuators. We present a prototype to validate the proposal.

Related Works

This section presents some related works that, like Plante, aim to combine the primary sector and ICT to achieve sustainable development and efficient production.

In the work of e Celso et al. [START_REF] Estêvão | An architecture and its tools for integrating iot and bpmn in agriculture scenarios[END_REF] proposes an architecture that uses IoT and Business Process Model and Notation (BPMN) for application in agricultural scenarios. Business Process Model and Notation is a notation developed for the construction of flowcharts and it is linked to the methodology of business process management. The work shows an IoT device integrated with sensors and actuators, which enables monitoring and control via web application, allowing part of the agricultural management to be performed remotely. The proposed web system allows the user himself, through BPMN, to model business rules for the cultivation of different plant species, automating the use of actuators. The authors demonstrated the use of architecture using lettuce cultivation in a greenhouse as a use case.

Jordano et al. [START_REF] Srbinovska | Environmental parameters monitoring in precision agriculture using wireless sensor networks[END_REF] highlight the great relevance of three points for obtaining good results in agricultural harvests: 1) monitoring parameters such as temperature, humidity and lighting, which are the main factors in product yield and quality; 2) monitoring data analysis and decision making for optimization; and 3) applying control mechanisms. According to these points, the authors proposed a low cost agricultural monitoring system, containing a set of wireless sensors interconnected via Wireless Sensor Network (WSN). The system also has an actuator to remote drip irrigation control. The two main disadvantages of using wireless sensors are the need to recharge batteries (requiring a continuous maintenance process) and the need for a gateway (dedicated to the sensors), increasing the cost of the product.

The authors Hamouda and Elhabil et al. [START_REF] Hamouda | Precision agriculture for greenhouses using a wireless sensor network[END_REF] present a system developed for greenhouse monitoring and control. The Greenhouse Smart Management System (GSMS) has a network of WSN-connected sensors, fans and irrigators that are triggered when the system detects that humidity or temperature is not in accordance with the needs of the cultivation. In this work only two sensors are used, one of temperature and other of relative humidity. In this work, Bluetooth is used to synchronize the data collected with the mobile application, which limits the communication distance between the application and the hardware to 100 meters. Some advantages of Plante over the above works are the presence of: 1) An integrated database with information about plant families, genera and species and their ideal cultivation characteristics (temperature, type and composition of soil, moisture and light level, type of nutrition, etc.); 2) Integrated weather forecasting; and 3) Alert system (in-app) that informs if the weather conditions of the cultivation are appropriate or not. These are features that add value to the product and facilitate the decision making process.

Plante Overview

The Plante platform provides an autonomous environment is not in accordance wthat aims at the careith of plants, reducing the human intervention, whether in large areas (such as agricultural areas, parks and squares) or small ones (such as community gardens, indoor gardens and terrariums).

Figure 1 shows the Plante Platform Overview, which is composed by three main parts: 1) Application, so that the farmer can monitor the data collected by the sensors and control the available actuators; 2) Network, responsible for storage, data processing and communication management between the Application and Devices; and 3) Devices, composed of a microcontroller, sensors and actuators. A case study (prototype) of the proposed solution is presented in the next section. 

Plante Box

As illustrated in Figure 2, the hardware module is called Plante Box. It is responsible for acquiring weather information and watering the soil when needed. It is composed by three parts: Sensors, Watering Can and NodeMCU ESP32.

Sensors

The Plante Box uses four sensors: DHT11, to measure air humidity and ambient temperature; YL69, which measures the soil moisture level; LDR photoresist to measure the percentage of light; and the YL83, which measures the intensity of rain.

The source code developed for Plante Box and written to ESP32 is based on two pillars: energy efficiency and component life. As a result, the code turns off the sensors most of the day. Each sensor receives electric current during 1.5 seconds. This is time enough to capture the environment data and send the information to the micro-controller. The frequency of data collection is 5 minutes1 , for example: each sensor is turned on every 5 minutes, for 1.5 seconds of data capturing and then it is turned off until the cycle repetition. This behavior allows the sensors to remain up to 98% of the time off, ie 2% of the time on (this is 72 seconds per hour).

Watering can

Watering can consists of a solenoid valve (adapted for plumbing) and a relay module. The solenoid acts as a two-state motor, turning off (preventing water passing) and on (allowing water passing). The relay is used to activate or deactivate the solenoid. Similarly to the sensors, the electrical connection between the NodeMCU and the watering can remain off by default and is only established when requested by the user of the application or by the Plante Application Programming Interface (API).

NodeMCU ESP32

We have adopted NodeMCU ESP32 [START_REF] Team | nodemcu@nodemcu.com[END_REF] for controlling the watering can and sensors. NodeMCU ESP32 is an open source Internet of Things (IoT) platform that uses the micro-controller ESP32. It is a low cost and low power chip developed by Espressif [START_REF] Co | [END_REF]. The hardware, which uses the Tensilica Xtensa LX6 microprocessor, has Wi-Fi and Bluetooth chips built natively into the board.

NodeMCU also acts as a synchronizer of the collected data (sending it to the Broker MQTT) and receiver of some commands sent from the application. Two of the main advantages of using this equipment are related to its low power consumption (it works with 3.3v) and the native integration with network technologies, eliminating the need to purchase extra components.

Network

This layer consists of three parts: 1) Data Base, responsible for storing all data; 2) API, responsible for processing data and decision-making (such as the right time to water the plantation); and the Broker Message Queuing Telemetry Transport (MQTT). The MQTT has the function to quickly enable communication between the Plante modules, everywhere and anytime. One of its advantages is the need for low bandwidth to perform [START_REF]MQTT Version 3.1.1[END_REF] communication. The broker used in this use case is Eclipse Mosquitto TM [START_REF] Roger | Mosquitto: server and client implementation of the MQTT protocol[END_REF].

The communication between the Broker and the ESP32 is performed in three situations: 1) When sensors capture data and send the information to the Plante App; 2) When the user turns the watering can on or off through the app; and 3) When the API detects the time to start or finish watering the plantation.

Plante App

Following the platform presented in Figure 2, the software module is called Plante App. Basically, Plante App is divided into two modes: 1) Administrative, aiming to generate a database of plants and ideal cultivation characteristics. It associates plant families, genera and species with the most appropriate types of climate, soil, light and nutrients; and 2) Commercial, where users can track and manage their plantations. This second mode was developed to assist farmers in the planning, monitoring and controlling of their plantations. The Commercial mode, focus of this article, is divided into three main sections which are described in detail below.

Sensors and Watering Can

This functionality gives users full and real-time access to the climate characteristics of their plantations. Through the tab Sensors the user has access to five types of data: temperature, soil moisture, luminosity, air humidity and rainfall. All this data is obtained from the Plante Box through the Broker MQTT.

In Figure 3(A) it is possible to observe the temperature and soil moisture levels. The red circle, at the top right of each card, indicates an alert related to the acquired data. In Figure 3(B) we can perceive the alerts generated by the API, informing when the environmental characteristics are incompatible with the plant species requirements. In the case presented in Figure 3(B), the temperature is 11.4 o C above ideal, while the soil moisture is 22% above ideal.

In the Watering tab, according to Figure 3(C), the user can trigger the plantation watering from anywhere. This is possible due to the integration of Plante Box with MQTT. It is important to highlight that irrigation, by default, is done automatically, dispensing with the user's intervention in order to trigger it. The Plante API is responsible for turning the watering can on/off at a time when soil moisture is below/above ideal for the controlled specie. In Figure 3 there is also a summary of the weather forecast (12 hours and 5 days) displaying the predicted temperature. 

Plantations

In this module farmers can register plantations, informing the name, location and type of cultivated plantation. After registration, the information is crossed with the Plante Data Base and the plantation is linked to the ideal cultivation characteristics of the cultivated species. Therefore, the user has complete access to ideal cultivation characteristics such as climate type, soil, light and nutrients. It is worth noting that the Data Base is populated on demand when new users (with new plant species) hire the Plante. Data collection takes place through consultations with agronomists, through the analysis of scientific articles dealing with the species or through academic databases available on the Internet.

Figure 4(A) exemplifies the visualization of information from the Plante Data Base for a Cherry Tomato plantation. This screen presents the ideal climate characteristics, such as climate type, minimum and maximum air temperatures and humidity; the soil with its minimum and maximum levels of acidity and humidity, as well as the composition ingredients; the type of luminosity; and the types of nutrients with their respective quantity. This screen uses fictitious data.

Based on this information, it is expected that the farmer will make progress in the decision making process, because he has accurate information about the ideal conditions of cultivation for the species of plant. There is a number of decisions the farmer can make with this information about his plantation, decisions ranging from the planting planning process to the execution and control processes.

In this context, the farmer may decide to: i) establish his planting location in an area with mild or intense sunlight; choose land in a region that floods easily during winter or in a region with low soil moisture, even in rainy periods; ii) opt for a planting site that is affected by winds most of the year or not; iii) and select the region according to the type of soil composition, which has the best root development. During the execution and control steps he can decide which nutrient types to use, and in what proportion each should be mixed. 

Weather forecast

Plante has a set of screens that inform the prediction of a series of climatic characteristics. There are two types of views: one that shows the 12 hour weather forecast and one that shows 5 days. All data is obtained through the AccuWeather API [START_REF]Accuweather api[END_REF], a platform that provides global weather data. In the app, all weather data is displayed as graphs, making it easier and faster to view and understand the weather situation.

The 12 hour forecast data is presented as follows: Temperature (actual, thermal sensation, dew point and wet bulb); Air humidity; Rain (amount and probability); Wind (speed and direction); and Ultraviolet radiation. In parallel, information for the 5 day forecast is: Temperature (actual temperature, thermal sensation in sun and shade); Rain (amount and probability); Clouds (percentage of coverage); Wind (speed and direction); Sun (sunrise and sunset times and daily duration); and Moon (sunrise and sunset times). Rain, cloud and wind data can be filtered by day or night. 

Conclusions

Plante brings a proposal for integrating agriculture with Information and Communication Technology (ICT) in order to increase the efficiency of agricultural management and control processes. In addition, Plante allows to improve water management, becoming a green solution for smart cultivations, watering only at the exact moment that is needed, reducing overuse. We can also notice that the solution presented is energy-efficient, since it remains up to 98% of the time off.

Another important improvement is the reduction in crop losses, once the platform provides complete information about the ideal cultivation conditions for each plant species. Finally, it is important to stress that the farmer has access to collected information of the plantation anytime and anywhere.

As future works, we intend to integrate Plante App with user notification and alert mechanisms, alerting the user what actions he should take, without the need to open the application. In addition, we intend to use artificial intelligence to ascertain whether the Plante Data Base, which contains optimal cultivation information. This will be done by crossing the existing data in the database with the data obtained by the sensors and the degree of effectiveness pointed out by farmers. Finally, the application, intelligently and autonomously, will make modifications to the database based on known experiences, which will result in much more accurate information.
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