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Abstract - A Wireless Sensor Network (WSN) is widely used in precession agriculture applications. Sensors play a vital role in
WSN. The measurement of physiochemical parameters such as soil pH and Electrical Conductivity is arguably the most widely
performed test in the field of agriculture. They are used to predict of various chemical activities within the soil and the presence of
salts in the soil. The present embedded system, is proposed to give information about physiochemical parameters and to send the
same to the mobile application and cloud server through the microcontroller with Wi-Fi module. This system avoids the presence of
the farmer in the field and plants can get optimum level of fertilizers. Hence it is helpful to increase the productivity of crops.

Keywords: Particle Photon Microcontroller with Wi-Fi module, pH and Electrical Conductivity Sensors and
Android Mobile.

I. INTRODUCTION

Modern agriculture and civilization in agriculture together demand an increase in the production of food to feed the global
population. New technologies and solutions [1] are being applied in agricultural domain to provide an optimal alternative
to gather and process information [2]. Agriculture parameters measurement is a very useful tool in making management
decisions concerning which type of plants are suitable for location, identification of nutrients in the soil suitable for
different plants. Hence the possibility to modify soil pH and Electrical Conductivity either up or down through the
fertilizers in particular crop becomes essential. In this farming, automation and intelligent decision making are also
become more important to accomplish [3]. The agriculture domain is mostly explored area of concerning the application of
[oT in improving the traditional methods of farming. IoT is a potential tool towards the target of self-organized, decision
making, and automation in the agriculture farming. IoT includes Precision agriculture [4], automated irrigation scheduling,
and optimization of plant growth, farm land monitoring and greenhouse monitoring and farming production process
management in crops [5].

II. LITERATURE SURVEY ON EARLIER WORKS

In this section some relevant works connected to the parameters of agriculture with IoT and GSM technology are
presented as the work describes about precision farming solution in Egypt using the wireless sensor network technology
[6]. Sherine M. et. Al. Internet of things for smart agriculture technologies, practices and future direction [7]. Partha Pratim
Ray et. Al. Soil pH and Electrical Conductivity: A County Extension Soil Laboratory Manual [8]. E. A. Hanlon et. Al. Temporal
and Spatial evolution of enzymatic activities and physico - chemical properties in an agricultural soil [9]. M.A. Aon et. Al
Low power pH sensor for - wireless sensor network node agricultural application [10]. Kshitij Shinghal et. Al. Present
status of precision farming [11]. Pinaki Mandal et. Al. Fabrication of a two-dimensional pH image sensor using a charge
transfer technique [15]. Hizawa,T et, Al. Environmental wireless sensor networks [16]. P. Corke, et Al

III. Development of Hardware and Software of Android based Evolution of physio chemical parameters

The block diagram of the physio chemical parameters in agriculture system with IoT is shown in figure 1, the schematic
diagram in figure 2 and Experimental arrangement in figures 3 and 4. The Agriculture System consists of mainly the
following units.

1. pH Sensor
2. Electrical conductivity (EC) sensor
3. Particle Photon
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4. Ubidots Cloud Server
5. Android Mobile

The description of each of these units and their interfacing with Particle Photon is presented below.

Power
Supply

Ubidots cloud
Server

Figure 1. Block diagram for Android Mobile based evaluation of Physiochemical parameters
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Figure 2. Schematic diagram for Android based evaluation of physiochemical parameters

Figure 3. Measurement of physiochemical parameters system interfacing with the personal computer and prototype
kit for measurement of physiochemical parameters
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3.1. pH Sensor

In the present study, the pH sensor is used for measuring the water quality in the soil [12]. It interfaces with the analog I/0
pin of the microcontroller and this microcontroller reads the information from the sensor. The pH is the logarithmic
measurement of hydrogen ions per liter of solution. It varies from 0 to 14 [13]. The solutions with pH value between 0 to 7
are acidic solutions with large concentration of hydrogen ions whereas, solutions with pH value between 8 to 14 are basic
solutions with small hydrogen concentration. The solutions with pH value of 7 are neutral solutions.

Figure 4. pH Sensor

The potential difference between the two electrodes gives hydrogen ion concentration of the system [14] and the
corresponding value in the form of voltage is given. The sensor has the following features
1. Operating voltage : 5.0V
The range of pH data: 0-14 pH
DC Current for 3.3V Pin:10 mA
Conversion time : 1 minute
Frequency :70MHz
Operating temperature: (0-60)°C

AN

3.2. Electrical Conductivity Sensor

In the present work, Electrical Conductivity (EC) sensor as shown in Figure-3 is used for measuring the salinity of the soil.
It interfaces with the microcontroller of the analog i/o channel and this microcontroller reads the data from the sensor.
The EC test is of at most importance to determine the condition in field. When ions are present in soil, the EC of the
solution increases. If no salts are present, then the EC is low indicating that the solution does not conduct electricity well.
The EC indicates the presence or absence of salts, but does not indicate the salts that might be present.

Figure 5. Electrical Conductivity Sensor

If the water being used for irrigation contains appreciable salts, then intensive management is required to produce healthy
plants. The Sensor has the fowling features.

Operating voltage : 5.0V

The range of electrical conductivity data : 0-20 ms/cm
DC Current for 3.3V Pin:10 mA

Conversion time : 1 minute

Frequency :70MHz

Operating Temperature: (0-60)°C

oUW
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3.3. Particle Photon (Arm cortex with Wi-Fi Module)

In the present work the particle photon (Microcontroller with Wi - Fi Module) is used for interfacing with the sensors such
as pH and Electrical conductivity and reading the data from the sensors. Particle photon is an IoT hardware development
board, it combines a powerful ARM cortex M3 microcontroller with a Broadcom Wi-Fi chip and a piece of software, or Web
IDE (Integrated Development Environment) that runs on computer, used to write and upload computer code to the
physical board which is shown in figure-4.

Figure 6. Particle Photon (BCM43362 Wi-Fi chip)

The Photon has more capabilities in a small chip device with analog and digital communication interfaces and SPI (Serial
Peripheral Interface), 12C (Inter Integrated Circuit), I2S (Inter IC Sound), CAN (Controller Area Network), USB (Universal
Serial Bus) cable. The board has the following important features

e Microcontroller with Wi-Fi module

Arm Cortex M3 STM32F205

Broadcom BCM43362 Wi-Fi chip
802.11b/g/n Wi-Fi

On-board RGB (Red Green Blue) status LED
Operating Voltage: 3.3V & 5V

Flash Memory: 1MB

3.4. Ubidots Cloud

In the present work Ubidots cloud server is used for to obtain the data from the microcontroller through Wi-Fi and to store
and send the data to the display devices. It is one of the technology of IoT for analytics and visualization of information.
Ubidots API keys accessed protocols are Very Simple Control Protocol (VSCP), Hyper Text Transfer Protocol (HTTP),
Message Queuing Telemetry Transport Protocol (MQTT), Transmission Control Protocol (TCP) and User Datagram
Protocol (UDP). These protocols provide a simple and secure connection for transceving data to and from their cloud
service in real-time. Ubidots time series performance optimized for IoT data stored in the form of pdf files. The
applications of this cloud server are interactive, real-time data visualization.

Figure 7. Ubidots Cloud
3.5. Android Mobile

Android is a mobile operating system, in this device any application development by using android studio software. The
android studio is an open source software and Linux based operating system for mobile devices, tablets, laptops and
computer systems. It includes android libraries written in C, C++ and Java used by various systems and tell to the devices
how to handle different kinds of data and are exposed to android developers via android application framework. Some of
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the libraries includes media, graphics, 3d, SQLite, web browser library etc. The applications written in java. Some of basic
applications include a calendar, email client, SMS program, maps, making phone calls, accessing the web browser,
accessing your contacts list and others.

IV. Algorithm and Flow chart for Android based evaluation of physiochemical parameters

Algorithm and Flow chart for Advanced Agriculture System as presented below

Initialize the Particle Photon and with Suitable Libraries
Enable the Particle Photon device with SSID and password of the Wi-Fi Network

To create the account in the particle Web IDE (Integrated Development Environment) with email id and login to
the Web IDE.

To create the account in the Ubidots Cloud with email id and login to the Ubidots cloud Server. To select the
Variable of dashboard of the Ubidots cloud server.

To enter the API key and Variable ID of the Ubidots cloud in to particle Web IDE.
Initialize the pH and Electrical conductivity sensors.

To set the baud rate for UART (Universal Asynchronous Receiver and Transmitter) in the web IDE of Particle and
connect to the Wi-Fi network.

Read the pH data through the analog (A1) I/0 line of the Particle Photon device and data is stored in the variable.

Read the electrical conductivity data through the analog (A2) 1/0 line of the Particle Photon device and data is
stored in the variable.

The pH and EC data send to the serial monitor through the baud rate (9600) and this data send to the Ubidots
Cloud server and also send to the Agri System App through the Ubidots Cloud Server.

RN N N N N N Y NN

The process of measurement of physio chemical parameters is presented in figure 8.

Include Suitable Libraries

| Enable the particle photon dewvice with SSID and Password of Wi-Fi |
| Login to particle Web IDE |
| Initiate the Ubidots cloud and create the Wariables imn devices of Ubidots cloud |
| Enter the authentication token of the Ubidots cloud in web IDE |
I
+*
| Initialize the VO pin (Al) of the particle photon for holding a nalog value of the pH data |
| Initialize the VO pin (A2) of the particle photon for holding analog value of the EC data |
| Set 9600 baud rate for UART in Web IDE of particle photomn |
| Connect to the network |
| Read the analog data from A1 and pH data is stored in the wvariable |
| Read the analog data from A2 and EC data is stored in the variable |
| Send the data through UART |
| Send the pH value to Ubidots cloud and Android app through the wvariable id |
-+

| Send the EC wvalue to Ubidots cloud and Android app through the variable id |
[ |

Figure 8. Flow chart for measurement of physio chemical parameters using loT
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V. RESULTS AND DISCUSSION

The proposed Smart Agriculture System for measurement of physio chemical parameters using [oT has been successfully
developed and implemented in our laboratory.

oH pH
-~
Date pH
December 29 2018 at 135145 3966111

December 29 2018 at 135131 406859
December 29 2018 81135116 8005086
December 29 2018 at 13:51:02 8216624
December 29 2018 at 13.50:48 824624 v

Figure 9. Display of screen shot for measured pH values with standard solution of pH 4 in cloud server

pH pH
L]
Date pH
Decemper 26 2018 at 14:33:43 1470129
December 26 2018 at 143329 7471539
December 26 2018 at 143315 7473388
December 26 2018 at 143301 7472008
December 26 2018 at 143247 1473418 v

Figure 10. Display of screen shot for measured pH values with standard solution of pH 7 in cloud server

pH oH
A
Date pH
December 29 2018 at 13:48:53 8.171794
December 29 2018 at 13:48:39 8758633
Decemper 29 2018 at 134824 8760442
December 29 2018 at 13.48:09 8757652
December 29 2018 a1 134755 8141 v

Figure 11. Display of screen shot for measured pH values with standard solution of pH 9 in cloud server
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Figure 12. Screen shot of measured pH data different solutions in the form of graph in cloud server.

electrical conductivity (ms/cm) electrical conductivity (ms/cm)
Date electrical conductivity
December 27 2018 at 140343 1413
December 27 2018 at 1403:36 1413
1 .4 December 27 2018 at 1403:32 1413
181227 140343 December 27 2018 at 140324 1413

B electrical ¢ 1413
December 27 2018 at 140319 1413

4

Figure 13. Display of Screen shot of measured values with standard solution of EC (1.60ms/cm) data in cloud server

electrical conductiuity (ms/cm) electrical conductivity (ms/cm)
Date electrical conductivity
Decemper 27 2018 a1 13:31:42 1288
December 27 2018 a11322:20 1288
1 2 '9 December 27 2018 at 13:22:09 1288
December 27 2018 a0 13.22:04 1288

v December 27 2018 at 1321257 1238 v

Figure 14. Display of Screen shot of measured values with standard solution of EC (13.0ms/cm) data in cloud server
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Figure 16. App Icon of the Agri System and Registration form of Agri System in Mobile.

Whenever a user opens the Agri System App in Android mobile, he/she should select a language either English or Telugu.
The App will display user selected language, if the selected language is English then the App will show details in English
only. The next step will be registration with details of name, address, adhar number, mobile number and land holding.
Then the registration form is submitted using the submit button, which will lead to login page immediately login page. The
user using his/her user name and password can login. After login, Agri Parameters such as pH and electrical conductivity
are displayed. Click on the pH button, the present pH data in soil will be shown as in Figure-18. Similarly click on the
electrical conductivity button, the present electrical conductivity data in soil will be displayed as shown in Figure-19 in
Android Mobile.
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Agri Parameters
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Agri System

EC
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Figure 19.Screen shot of the EC data with standard solutions 13.00 ms/cm and 1.600ms/cm in Android mobile.
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V. CONCLUSION

The developed system is tested and implemented in our laboratory as an Android based Embedded System for Monitoring
of physiochemical parameters in the Soil using IoT and we found that the system was working to our satisfaction. The
system has advanced features like portable, low cost and standalone system. The System can be installed in urban remote
places as well, to reduce the contaminants in the soil. The plants can get optimum level of fertilizers, to increase
productivity of the crops. The future work of this paper is planned to develop more sensors that can be added up for
proper monitoring of the field and installation of communication systems to help the user for providing the real time
condition of the field in the form of MMS facility.
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