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Abstract 

The hybrid mobile prototype proposes to assist the farmer in obtaining crop evapotranspiration data 

reducing the effort in calculating them. In warm weather places, it is of the fundamental importance to 

verify a prototype for the calculation of evapotranspiration, thus favoring sustainable irrigation. To show 

this important discussion, a study was conducted highlighting the advantages of using the methods for 

calculating evapotranspiration cited by Hargreaves Samani and the Penman Monteith method. There is 

the need to use tools that automate the evaporation method, being able to access them on mobile devices 
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with Android and iOS systems, and also notebook, bringing advantages and relevant contributions to the 

scientific community and potential users. The benefits of using automated irrigation can serve as basis for 

more conscious and sustainable decision making. 
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1. Introduction 

The damages caused by the few irrigations or its exaggeration are enormous, negatively affecting the farmer 

and mainly impeding the growth of the crop. The use of water in excess besides to cause the proliferation 

of fungi that cause diseases in the soil, also raises the water table saturating the soil and preventing the 

action of nutrients, causing high costs for the farmer, who may need to drain the soil. It can also result in 

waste of fertilizers, which are run off by water get in the roots reaching the level of river source. All these 

losses, which are directly linked to farmers, increase production costs, energy and water consumption [1]. 

The lack of manipulation of the environment to control meteorological indicators in the estimation of crop 

water calculation has made it difficult to handle irrigation, especially in farmers' families with small farms. 

Farmers do not have the financial capital to invest in a place equipped with electronic sensors to gather 

data for measurement and storage of environmental variables. The installation of a professional weather 

station has a high cost, as well as complex operation of equipment, making it impossible for small producers 

to acquire [1]. There is a limitation of existing software models to improve the calculation of 

evapotranspiration and consequently the irrigation. Calculating evapotranspiration to know how much 

water should be used to irrigate requires manual effort. It occurs because there are two simultaneous water 

outlets, one from the ground and one from the plant [2]. 

It is important to verify the need for proper irrigation to avoid damage to the environment and financial 

losses to the producers. Irrigation is an essential factor for the cultivation of all kinds of agricultural 

production. An important alternative for controlling a crop's water expenditure is the sustainable irrigation, 

which allows measuring the amount of water consumed according to the needs of each plant.  

The knowledge of daily evapotranspiration rates is very useful for determining water needs in agriculture. 

Thus, evapotranspiration can be defined as the manner in which water on the earth's surface is transferred 

to the atmosphere in the form of gaseous particles. The portion of radiation that effectively crosses the 

clouds and reaches the surface is the main form of energy used in evapotranspiration [3]. 

It is noted the need of the creation of new software that collaborate for this purpose, reducing the manual 

effort to perform the calculation of evapotranspiration [2]. The irrigation activity calculation methods 

proposed by Hargreaves Samani and Penman Monteith are the basis for the creation of hybrid mobile 

prototypes with simple and user-friendly interface [1]. 

Given this scenario, we realized the importance of investing in research with alternative means to remedy 

the issues presented. This work aims to develop a hybrid device prototype with the proposal to assist in 

reducing the manual effort in the evapotranspiration calculation process, to obtain the water balance 

coefficient in the crop irrigation handling. Presenting its advantages and disadvantages during the process 

and how it is distinguished based on the Hargreaves Samani and Penman Monteih methods. 
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2. Materials and Methods 

For the study of case, it was observed the families of small farmers, who have difficulty in proper handling 

of crop irrigation, however do not have the purchasing power to invest in obtaining equipment with 

electronic sensors to collect data for measurement and storage of the variables related to the environment 

[1]. From then on, the environment indicatives were controlled through the electronic sensor with a hybrid 

mobile device prototype, which has version for notebooks and mobile phones with Android and iOS 

systems, besides presenting a friendly and simple interface. 

 

2.1 Prototype Javac 

For this prototype Javac was used as compiler and a Raspberry Pi board, being this small and portable; We 

also used the baster version that acts as a file server with the following settings: a Quad Core 1.2, 64 bit, 1 

gig ram, with Wi-Fi and Bluetooth connection; It has Ethernet Rj 45, 40 pin, for each pin an input/ output 

that can be used for a sensor, camera support and Etier balena software for writing to the memory card. The 

environment used for application development was the Windows 10 operating system, drive and write 

validation on the SSD itself. Raspbian is an operating system that functions as a Debian-based computer 

for Raspberry Pi [4].  

 

Figure 1: Raspberry Pi board. 

Source: Authors, (2019). 

 

2.2 Prototype Raspberry 

For the Raspberry Pi board, a thermal paste has been added to help reduce high processor temperatures. It 

is the constituent part that is between the heat sink and the processor, increasing the junction between these 

components, so that more efficient cooling can occurs [5]. 
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Figure 2: Gloves, thermal paste, cotton swabs, heat sink and Raspberry Pi board. 

Source: Authors, (2019). 

 

2.3 Control the Environment 

To control the environment data was used the humidity and air temperature sensor - DHT22, which makes 

measurements through 4 digital pins, having 5v supply voltage. It can measure air temperature between -

40 and 125ºC. Later, with a friendlier image, this information is projected into an interface, so that the user 

can read it [6]. 

 

Figure 3: Humidity and air temperature sensor - DHT22. 

Source: Authors, (2019). 

 

2.4 Data Presented  

Data were presented using a 7-inch Raspberry screen, Touch Pi2 LCD display with 1920x1080 resolution, 

HDMI, VGA support and AV video input. The screen can also be used as a computer monitor [7]. 

 

Figure 4: Presentation of the interface through the display. 

Source: Authors, (2019). 

 

Secondly, we applied the bibliographic researches that were performed through digital scientific articles, 

books and e-books to understand about proper irrigation. With the evapotranspiration calculation methods, 

it is able to reduce the complexity of obtaining the value of the water level that leaves and returns to the 

ground [1]. The main studies about development of mobile hybrid devices were analyzed, and a prototype 

hybrid mobile device was developed to control the indicators, which can be accessed through Android and 

iOS phones or notebooks. Finally, it displays the evapotranspiration calculation process based on the 
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Hargreaves Samani and Penman Monteith methods. Then, the results of the observations and the case study 

discussion were presented. 

 

3. Theoretical Reference 

Raspberry Pi is used to explore an alternative wireless communication platform, such as a server by 

connecting to the smartphone as a client on the same network. The work explored the following scenario: 

client-server communication using Wi-Fi. The Router is used to create a connection through the remote, 

wireless network file sharing environment between devices [4]. 

The prototype hybrid mobile device receives the variables of the main factors that control the 

evapotranspiration process, highlighting solar radiation, altitude, air temperature, wind speed, relative 

humidity, atmospheric pressure and rain precipitation [8]. The device is then able to store measurement 

data in software called MySQL workbench database. The choice of the software used in the development 

of the work was motivated by the excellent storage performance, its easy usability and because of the free 

distribution of the software [1].  

 
Figure 5: MySQL workbench database. 

Source: Authors, (2019). 

 

Regarding the functional qualities of the software, they are accessible to common users so that they can 

query the data, including filtering previous periods for data calculation [3]. 

These values are provided by the sensors or through data collected by INMET (National Institute of 

Meteorology of Brazil). After displaying the collected data, the device calculates these variables using the 

Hargreaves Samani and Penman Monteith methods and in turn displays the calculated value, which results 

in the evapotranspirated water level. From this result, the farmer will know the appropriate amount that he 

should irrigate the crop. To increase user convenience, the hybrid device prototype can be accessed from a 

computer or from a smartphone. 
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Hybrid devices have several advantages over pure native devices, especially in support. The platform 

reduces complexity, code size, development time, maintenance expense and requires less knowledge about 

API, as well as easier development and increased market share [9]. 

 

Figure 6: Preparing the machine to run the build for iOS. 

Source: Authors, (2019). 

 

The Ionic framework is for mobile application development in Html5, focused on hybrid development. 

Angular is a JavaScript framework, and it will be used by the Ionic framework. Angular 2 is a webpage 

script language developed by Google that has a code interpreted by the web browser. The Ionic framework 

was chosen for hybrid applications due to its free distribution, and because it is based on the Angular 2 

framework. Apps that are developed with Ionic framework behave like native Apps, and they have support 

of various platforms as Android and iOS [9]. For the services layer, Java EE (Enterprise Edition) and Python 

language were used to communicate with the sensors. To develop the user's screen the Angular 2 was used. 

RESTful defines the quality of the architecture that makes applications communicate. Being obtained by 

the principles/ rules/ constraints that when observed allow the creation of a project with well-defined 

interfaces [10]. 
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Figure 7: Build Windows documentation, Ionic Framework.  

Source: Authors, (2019). 

 

Microservices are small service modules that act independently. Even working together, each module is 

like a separate entity that can be run isolated of a service platform. There is an alternative to manipulating 

different internal technologies of each service and this is an advantage when using the microservices 

architecture. Communicating via Application Programming Interface (API) and Hypertext Markup 

Language (HTML) resources, the hypertext markup language is the most basic part of the web, which 

performs its function by defining the structure and basic content of the web page, thus allowing to properly 

choosing the tool for each type of work [10]. The Java framework called Spring Boot 2 is widely used and 

well-known due to its ease in setting up and delivering application content to the public. The purpose of 

the framework is to quickly get the project up and running, simply by informing the software of the 

preference modules [10]. 
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Figure 8: Platforms that communicate via HTTP. 

Source: Authors, (2019). 

 

4. Results 

The set of web technologies, such as HTML5, CSS and JavaScript, added to the native mobile application 

platform results in hybrid application theory. Hybrid apps are configured to work just like other native apps 

on digital app distribution platforms (Play Store, Apple Store, and Windows Phone Store). The installation 

and configuration of the NodeJS software was performed and also the installation of the Ionic CLI and 

Cordova packages through the Node Package Manager (NPM) which consisted of the process of designing. 

For the Process of Building stage, the project was created through the Ionic CLI interface, based on the 

“side menu” template included in the Ionic documentation. CSS was implemented to customize the visual 

structure of the application and the necessary markings were added through the HTML language [11]. 

The Model View Controller (MVC) was used, which was consisted on the separation of the domain classes 

(model), and on the separation of the use of components and markup languages, and the controllers that 

join the model with the visualization layer [12]. 

 

Figure 9: Prototype version for Android. 

Source: Authors, (2019). 

 

For the testing and debugging process was built the application for the Android platform, and was digitally 

signed the file with the extension "apk". For the execution and publishing process, the application was 

installed on a smartphone with the operating system Android 9.0 [13]. 

The prototype is a system that collects environmental data through sensors and devices in real time. The 
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prototype performs evapotranspiration calculations using Hargreaves and Samani and Penman Monteith 

methods. It is noteworthy that for the exposed work the function is aimed at helping small farmers to help 

evapotranspiration calculation, seeking to reduce the effort to obtain the value of the evapotranspiration 

process. The formula developed by Hargreaves Samani needs only solar radiation and the average, 

maximum and minimum temperatures to generate the result, according to equation 1 [1]. 

(Eq. 1) 

ET0=  0.023(0.408) (T mcan + 17.8) (T max − T min)0.5 Rα. 

 

In Hargreaves Samani's method (Figure 10) the user does not need enter weather station results [1]. The 

prototype performs the calculations using the value that comes from the DHT22 air temperature sensor to 

estimate the temperature value of equation 1. 

 

Figure 10: Presentation of the calculation by Hargreaves Samani method. 

Source: Authors, (2019). 

 

If the user prefers to verify the evapotranspiration result by the Penman Monteith method (Figure 11), it is 

necessary to enter the information in the hybrid mobile device to calculate, according to the data collected 

by the local Meteorological Station [13]. 

(Eq. 2) 

𝐸𝑇() =
0,408Δ(R𝑛 − G) + 𝛾

900
T + 273 𝑢2(∈ s−∈ α)

Δ + 𝛾(1 + 0,34𝑢2)
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Figure 11: Presentation of the calculation by the Penman Monteith method. 

Source: Authors, (2019). 
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Figure 12: Automatic query station data of the city of Manaus, AM, Brazil. 

Source: [14]. 

 

5. Discussions 

It is important for farmers to obtain knowledge about the necessity of adequate irrigation, and thus improve 

crop yields by benefiting from new technologies. There are several devices on the market that calculate 

evapotranspiration through sensors, but not with the same proposal of the developed prototype. According 

to this work, the proposal is to show the viability of the hybrid mobile device prototype, which can work 

on with Android and iOS smartphones, and also notebooks. 

Therefore, considering the results, it can be described that the use of Hargreaves Samani method presented 

greater viability due to the simplicity of the information, which in this case uses temperature sensors to 

measure the data that will be used in the calculator. The result of calculating evapotranspiration in this 

method is simpler, faster and easier to achieve. To use the Penman Monteith method, the user would need 

a high financial cost to have a weather station or obtain the information through the National Institute of 

Meteorology [14]. 

 

6. Conclusion 

According to the work presented, there was a need to develop a hybrid mobile device prototype, with 

benefits from which it is viable to use a mobile device to assist in the calculation of evapotranspiration. It 

is possible to control the process data and offer convenience and practicality to the user in decision making 

through its indicators. In the market, there are already tools with this type of functionality and display of 

indicators, but the prototype presented stands out for having a hybrid mobile application, which can be 
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accessed from smartphones with Android or iOS systems, also by notebooks. From the comparative 

mentioned, it was observed that this work contributes positively to the scientific community and to the 

possible users of the prototype, aiming at reducing the effort for those who need to calculate 

evapotranspiration data, thus favoring the farming management. 
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