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Abstract. Agriculture known so far is an activity carried out by farmers using traditional equipment and relying on weather, 

water, and soil conditions. Those are key factors in the success of the agricultural sector. In the era of Internet of Things (IoT), 

traditional agriculture, which requires a large amount of labor, has changed to adapt to the emergence of this technology. 

Android monitoring and control application is made to help farmers to get information on environmental and land conditions 

and to make them easier to take action using smartphone. The Android application is designed to display information according 

to the current environmental and soil conditions and also it can control a water pump to water dry soil. The information 

displayed on built Android application is sensors’ data connected to the ThingSpeak Cloud. The sensor data displayed on the 

application is received in the form of analog voltages obtained from all applied sensors. These analog voltages are sent via 

internet from cloud server which come from IoT hardware system at a farm. Sensor data consists of existing of rain, air 

temperature, humidity, soil moisture and temperature, wind speed, air quality of NH4, CO2, and PM2.5. In addition to water the 

farm, users can also control the water pump by pressing a switch and sending data to the cloud server. All functions built of the 

whole system can work well as expected in the design process. 

 

INTRODUCTION 

     The development of technology in the modernization era makes it possible to do work more easily in all things, 

one of which is in agriculture. Indonesia is a country with a geographical location that supports the development of 

the agricultural sector. Based on the 2013 agricultural census obtained data that in the last 10 years there has been a 

decrease in the number of farmers from the original 31 million people in 2003, to 26 million people in 2013, this issue 

is a concern of the Food and Agriculture Organization (FAO) which provides recommendations that the agricultural 

sector needs to be managed using innovative technology [1].  

     Agriculture known so far is an activity carried out by farmers using traditional equipment and relying on weather, 

water and soil conditions that are key factors in the success of the agricultural sector. Agriculture in traditional way 

on average uses the science of forecasting or looking at the previous farmers, so that farmers do not know the 

environmental conditions. The method that has been done by farmers is only fertilization, and this method is reviewed 

and that it still needs to be developed. Water and soil content should need to be tested in fertilization methods. The 

observation of the quality of soil includes its moisture, temperature, and pH level [2]. 

     The problem with farmers who do not know the condition of agricultural field is the difficulty of monitoring the 

land as a whole. The first point of the problem is that it takes a lot of time and workers to monitor the whole things 

manually, then data collection on land also takes a lot of time to be analyzed manually. In the era of IoT, traditional 

agriculture, which requires a large amount of labor, has changed to adapt to the emergence of this technology. By 

doing this, modern agriculture can utilize IoT devices and services to replace humans in certain agricultural activities.  

Therefore, to help farmers get information on field conditions and to make them easier to take action, an Android 

monitoring and control application was designed on smart farms. The design of this application has three important 



stages. The first stage is to create the core of Android application using MIT Inventor App2 and internet network, 

where this software is usually used to design Android applications as desired by using a variety of layouts and 

components available. The second stage is to create a database that serves to store whole sensor data. The database 

used consist of the Firebase cloud which functions to store data in the login feature, and also the ThingSpeak cloud 

which is used to store all received sensors’ data and display them in the form of graphs in the built application. The 

last stage is to update all sensors data regularly within 5 minutes. This data updating is intended to monitor 

simultaneously the environment and soil conditions, i.e. rain, wind speed, air temparature, air humidity, the level of 

CO2, NH4, and PM2.5 in the air, soil temperature and moisture, and pH level in soil.  This application which is a part 

of IoT system for a smart farm retrieves data from cloud server connected via Internet to sensors in the hardware side 

of the system. Thus, farmers can monitor and control their farmland using internet-connected smartphones. 
 

STATE-OF-THE-ART 

     Observations were conducted to compare the designed application with related works. The first observation was 

conducted from the work of Suma et. al. [3] entitled "IoT Based Smart Agriculture Monitoring System". In their study, 

an application was made also using MIT Inventor App2. The application can monitor humidity, temperature, weather 

and animal detectors. It also provides the feature of controlling the water pump motor manually and automatically. In 

manual mode, users must turn it on and off by pressing a button in the Android application. If in automatic mode, the 

pump motor will be turned on and off automatically if the moisture value exceeds the determined limit.  

     Second observation was conducted from the work of Ramady et. al. [4] entitled "Android Application for 

Monitoring the Quality of Agricultural Land". The creation of this application using Android studio. Their application 

is equipped with a database recapitulation system that aims to be able to call databases on internet servers. The database 

system used MYSQL. The application system begins with retrieving input data from the database server, then 

processing the data, and at last outputting it in the form of a monitoring display of each sensor value. The data retrieved 

in the study includes data on humidity, pH, and air temperature.   

REALIZATION OF THE SYSTEM 

     The design and realization of this Android-based application will be used for Android smartphones. Application 

programs are created to read data inputted from cloud servers. Users must be connected to an internet network on a 

smartphone to open the application and log in first to access the android application. It is done by filling in the 

username and password fields that have been created and then pressing the sign in button by using the login feature. 

On the main page, observed sensor data is categorized into air quality, weather condition, soil condition and water 

pump. This data is displayed for users through smartphones when they press a logo button of sensor data monitoring 

on the main page. Illustration of the program using ‘use case diagram’ can be seen in Figure 1.  

 

FIGURE 1. Illustration with use case diagram 



 

     Sensors’ data displayed in our application is received in the form of analog voltages obtained from sensors sent 

through the cloud server by hardware system.   Implemented sensors consist of rain sensor, temperature, humidity, 

soil moisture, wind speed, air quality of NH4, CO2, and PM2.5. Application users can also control water pump by using 

a switch which is then sent to the cloud server. This application has features such as login, logout, monitoring and 

control. Features testing is done in several ways as explained in the following. At first, login feature is the process to 

access the device by entering the identity of the user account and password to get access rights on the device [5]. Here 

a user will enter the login page to fill in the username and password by pressing the login button. If the user 

successfully logs in, the application will display the main page. On unsuccessful login, it will remain on the login 

page. Second, monitoring and control data stored by cloud server will be displayed through display page on the 

application. Third, logout feature will log the user out of the application. Block diagram of application system design 

can be seen in Figure 2. 

 

FIGURE 2. Block diagram of system design  

     Fetching and writing serves to capture and transmit sensor data on cloud server. Fetching process in the application 

is designed for monitoring air quality, weather condition, and soil condition, while the writing process in the 

application is designed for water pump control when the switch is pressed.  Sensor data is stored on the cloud server, 

after which the sensor data will be displayed on the Android application display and read the data from the cloud 

server by issuing a "GET" request to the "URL" endpoint and sending the data with the REST API [6]. Firebase cloud  

can act as a real time database so that applications can be synchronized with the database [7], by creating a console 

on  https://Firebase.google.com. Users will get an authetication key and URL address which are used in connected 

android applications to Firebase. 

     ThingSpeak is a service that contains Application Programing Interace (API) which is an open source to store and 

retrieve data from various devices that use  Hypertext Transfer Protocol  (HTTP)  through Internet [8]. ThingSpeak 

uses HTTP to connect Android application with an address to access the resources contained in each ThingSpeak 

cloud channel, namely: 

a. https://api.thingspeak.com/channels/1160643/feeds/last.json?api_key=0C52E70NY1PIJ391&status=true 

b. https://api.thingspeak.com/channels/1257596/feeds/last.json?api_key=U234GCAI8100EMST&status=true 

     This URL address is used to collect data on ThingSpeak. Last.json serves as the format of data exchange to be 

retrieved, while API key code is a unique code contained in each channel. This created Android application 

implemented one of the web services, so that by entering the URL address in the MIT Inventor App2 program, it can 

be connected to the application. The cloud server diagram can be seen in Figure 3. 

https://api.thingspeak.com/channels/1160643/feeds/last.json?api_key=0C52E70NY1PIJ391&status=true
https://api.thingspeak.com/channels/1257596/feeds/last.json?api_key=U234GCAI8100EMST&status=true


 
FIGURE 3. Cloud server diagram 

 

RESULTS AND DISCUSSION 

     The whole system testing is done by running all the existing features, namely login feature, logout feature, monitoring and control 

feature. The test step is done by running the application and inputting data by creating an account on the registration page. 

 

   
FIGURE 4. (a) Login page.                  (b)  Sign up page 

 



 
FIGURE 5. Main page  

 

   
                       (a)                                                  (b)                                                     (c) 

FIGURE 6.  Monitoring panel: (a) air quality; (b) weather condition; (c) soil condition 

     Figure 4 shows the display of the login page to access the main page of the android application. The next page 

after successful login will appear the main page with four button options for air quality monitoring, wheater condition 

monitoring, and soil condition monitoring that is covered with ThingSpeak Cloud, then the user can control the water 

pump by pressing the switch on the main page display. The android application will display graphs and information of 

environmental sensor data according to the selected button can be seen in Figure 6. The overall system test results can be seen in 

Table 1. 

 
TABLE 1.  Testing results of the whole system   

№. Type of testing  Result 

1. ThingSpeak Cloud connected to Android Application succeed 

2. Firebase Cloud connected to Android Application  succeed 

3. Login feature saves user list succeed 

  4. Information can be displayed on smartphone application succeed 

5. Control feature sends data to ThingSpeak Cloud succeed 
 

 



CONCLUSION 

     Based on the test results and analysis of the designed system, the following conclusions can be drawn. The 

application can obtain user id and password data entered by the user, then the smartphone can validate the user id and 

password data well. Second, Android application are designed to display information according to current 

environmental conditions and can run a water pump control. The information displayed on Android application built 

in is sensor data connected to the ThingSpeak Cloud. All functions of the whole system can work as well as expected. 
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