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Abstract— Agriculture plays a main role in country's 

economic development.  The agriculture is the practice of 

farming which includes almost all the activities for 

cultivating the crops to the nation's benefits.   One of the parts 

of agriculture is called farming, which is meant for growing 

of crops for food.  With the advent of new technology, the 

farming practices are converted into smart farming, which 

includes the use of communication and information 

technology such as the internet of things for improving the 

growth of crops.  This paper describes about the sensors and 

communication technology that can be used for farming.  And 

with the help of the data that has been generated big data 

techniques can be applied to end up with valuable decision 

making. 
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I. INTRODUCTION 

In recent days everything is made possible with the help of 

"Internet of Things" which almost connects everything 

together via the internet.  The recent technological 

development with the use of data transmission and electronic 

systems has introduced rapid changes in recent agricultural 

practices and forms an important aspect for decision making. 

The IoT or Internet of things will capture the real-time data 

and with the help of these data valuable information can be 

extracted.  The smart farming is the incorporation of 

information into equipment, sensors, machinery and 

communication technology in agricultural system, which 

allows large volume of data to be generated [1][17]. 

A. Importance of IoT & Big Data 

Agricultural fields contain various sensing technologies that 

are used to measure the farming data.     Owing to the advent 

of such technologies, the crop cultivation can be optimized, 

and productivity can be improved.  The sensor provides a 

cost-effective way to control and monitor the cultivation area 

based on the values generated by the sensors.  There is a need 

of effective technology to improve agricultural productivity, 

sustainability and profitability.  This minimizes the use of 

chemicals and monitoring the plant conditions to predict the 

best harvesting time [2]. 

Big data play a main role in agricultural 

development, with the help of big data techniques analysis 

can be made precisely.  Smart farming allows data that can be 

sensed in real-time and the data are stored in remote storage 

systems with help of various communication technologies, 

which help in analysis and smart decision making that result 

in smart cultivation.  The workflow of the model is shown in 

Fig. 1 where the data are collected from the field using 

sensors by the microcontrollers, then with the help of 

communication technology the data can be analyzed [3][21]. 

 
Fig. 1: Flow Diagram 

II. SENSORS USED FOR MONITORING PLANTS 

The plant and soil monitoring seems to be simple, but it 

makes a great change in the agricultural pattern.  There are 

many sensors used in IoT for agricultural fields which are 

greatly helpful in sensing the nutrients in soil and soil 

moisture, reporting the weather conditions, determine the 

suitable time for harvesting and planting.  The various sensors 

available include temperature sensor, soil moisture sensor, 

humidity sensor, PH sensor, etc [2]. 

A. Soil Moisture Sensor 

The soil moisture sensor measures the water content by using 

some of the property of the soil such as the interaction of the 

neutrons, electric resistance, etc.  These measurements may 

vary based on the environmental factors such as the 

temperature, soil type, etc.  There is another class of sensors 

which measures water potential that is one of the property of 

soil, these sensors are often referred to as sensors for 

measuring soil water potential [2][18]. 

B. Temperature Sensor 

The temperature sensor is used to measure the heat energy 

that is generated by the surroundings or an object.  This sensor 

senses any change in the temperature and produces either a 

digital or analog output.  Depending on the type of 

applications, the sensor is chosen the basic type is contact 

temperature sensor that is used when the sensing object is a 

liquid, solid or gas.  Another type is non-contact temperature 

sensor this can be used to detect the radiation from the sun 

such as infra-red radiation [2][17]. 
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C. Humidity Sensor 

The humidity sensor measures and senses the relative 

humidity in air it can measure both the air temperature and 

moisture in the air.  It has the ability to detect the humidity in 

the environment in which it is placed.  The measure of 

humidity is the total amount of water vapor present in the air.  

The change in humidity occurs after and before the irrigation.  

The change in the moisture level of air causes change in 

voltage levels and this change will be in the form of digital 

measurement [2][17]. 

D. PH Sensor 

The testing of PH in soil is very important because it has a 

greater impact on how well the crops can be grown.  The PH 

level can be constantly monitored by using the PH sensor and 

necessary actions can be taken to balance the PH level in the 

soil.  The most primary nutrients for plants are potassium, 

phosphorous and nitrogen.  The PH level in the soil may vary 

depending on which type of crop that is grown.  Hence, it is 

an important factor on determining the nutrients available in 

the soil and for the available nutrients which type of crops can 

be grown.  The application of sensors in agriculture is shown 

in Table I [2][17]. 

Sensor Applications 

Soil moisture 

sensor 

Under irrigation and Over 

irrigation. 

Temperature 

sensor 
Measures radiation from the sun. 

Humidity sensor 
Measures air temperature and 

moisture. 

PH sensor Measures soil PH. 

Table 1: Sensors & Its Applications 

Therefore, plant require optimal health and growth 

that is based on the environment conditions, if the proposition 

of humidity, temperature, PH and soil moisture are assessed 

then smart decision can be driven.  The sensor can be chosen 

based on the type of microcontroller board among the above 

sensor the soil moisture, and PH sensor are selected based on 

type of microcontroller and for measuring temperature and 

humidity there is a common sensor for measuring both this 

can give relative reading about temperature and humidity.  

The main focus of using sensing technologies is to introduce 

new technology into the agriculture for better crop production 

by collecting real-time status of cultivation area and to 

provide information to the farmers. 

III. MICROCONTROLLER BOARD & ITS CLASSIFICATION 

The microcontroller board that is used for development is 

very cheap and simple to develop.  It is also known as single 

board microcontroller.  There is huge number of software 

(IDEs) which are the open source with the help of these 

software microcontroller boards can be developed in order to 

develop applications in real-time.  The different types of 

popular microcontroller boards that are available in the 

market includes the following DIY (Do It Yourself) 

microcontroller boards, Arduino microcontroller board, 

Raspberry Pi Development Board. 

A. DIY Based Microcontroller Boards 

DIY (Do It Yourself) based microcontroller boards are the 

boards which can be made in home by yourself.  The 

electrical and electronic components needed are 

microcontroller which may be Atmel, ARM, MSP etc., and 

the external peripherals includes serial ports, LCD module, 

touchpad, RTC, keyboard etc., these components are soldered 

on the PCB which, is physical programmable circuit board.  

After the development of the hardware, the suitable IDE 

should be chosen to program the microcontroller, and then the 

required applications can be developed.  Some applications 

of DIY based microcontroller board include 8051 

microcontrollers.  The 8051 is a general-purpose 

microcontroller and is used for developing basic level 

applications.  Some of its applications include temperature 

control system in industry and light intensity control system 

[17]. 

B. Raspberry Pi Development Board 

The Raspberry Pi development board is a small computer 

look like a size of credit card.  The Raspberry Pi can be 

plugged easily into the TV, computer, and monitor.  It can be 

easily installed in the Linux operating system.  Among the 

versions of Raspberry Pi the Raspberry Pi three is the most 

powerful computing platform and most affordable, which 

includes Bluetooth 4.1, 1GB RAM, 4USB ports, etc.  

Raspberry Pi runs on raspbian which, is customized debian 

Linux.  Some of the applications of raspberry pi include 

developing minicomputer, it is also used in robotics that is 

used in automobile industries, and the IoT applications can be 

easily developed using raspberry pi [4]. 

C. An Arduino 

The Arduino is an open-source platform for building 

electronics projects based on easy to use software and 

hardware.  It consists of microcontroller which, is a physical 

programmable circuit board and IDE an integrated 

development environment that is a software.  The software is 

used to upload and write computer code into the board.  The 

Arduino boards are able to read the inputs such as sensing the 

light, turning on LED etc.  The microcontroller board can be 

programmed to do some task by sending the instructions this 

can be done with the help of Arduino software IDE that is 

based on processing, and Arduino programming language 

which, is based on wiring.  The feature of Arduino and 

Raspberry Pi boards, are shown in Table II describing about 

its programming language, processor speed and connectivity 

[5][17]. 

Feature Raspberry Pi Arduino 

Programming Language No limit 
Arduino, 

C/C++ 

Processor Speed 700 MHz, 16MHz 

Internet connection very 

easy 
Not easy Easy 

Hardware designs 
Closed 

source 
Open source 

Analog to Digital No Yes 

Table 2: Arduino versus Raspberry Pi 

The Arduino is popular among the people who are 

just starting out with electronics.  When compared to the 
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previous microcontroller boards the Arduino doesn't need a 

separate hardware named programmer to load the program 

code on to the board, a USB cable is more than enough to load 

the code into the board.  The Arduino IDE uses more 

simplified C++ language that is very easy to learn and code.  

The advantage of using Arduino boards are they seem to be 

very easy to get started, it doesn't require much programming 

knowledge, it can be used for developing real time 

applications since the hardware software and IDE are open 

source, it can be used in places where there are more 

interactions with the external hardware [6]. 

The raspberry pi and Arduino are widely used 

microcontrollers in farming.  The raspberry pi is very easy to 

connect to the internet, and it can be programmed using a 

variety of programming languages.  One of its disadvantages 

is that it doesn't offer any internal storage, but the SD cards 

can be used as a flash memory.  Among the boards in the 

Arduino family, the Uno is the most popular, and it is the 

major choice for most of the beginners.  It contains everything 

that is needed to support the microcontroller and it is one of 

the development boards based on microcontroller.  The most 

powerful prototyping environment and the simple one is 

Arduino UNO R3 which, is based on ATmega328P 

microcontroller.   The atmega328 contains predefined 

libraries and the functions of Arduino IDE which are open 

sourced.  The Arduino is used in most of the smart farming 

applications hence it can be useful for applying in farming 

[4]. 

IV. COMMUNICATION TECHNOLOGIES 

The most common well-known communication technologies 

are Wi-Fi, ZigBee, Bluetooth, etc., but there are also some 

new emerging technologies such as thread that is used for 

home automation, TV technologies, etc.  Based on the factors 

such as security, range, data requirements, battery life and 

power demands the communication technologies are chosen.  

The short-range communication technologies include 

Bluetooth, Wi-Fi, Thread, ZigBee, Z-Wave [7][18]. 

A. Bluetooth 

The Bluetooth is an important communication technology 

which allows devices to exchange the data over shorter 

distances.  It is a key factor in smart phones and wearable.  

The Bluetooth low energy or Bluetooth smart offers reduced 

power consumption.  This Bluetooth is mainly designed with 

the intention of exchanging huge amount of data over a short 

range, hence it consumes a lot of battery power.  In IoT the 

smart devices can be connected to the internet with the help 

of Bluetooth [7][18]. 

B. Wi-Fi 

The Wi-Fi is also a short range Wireless communication 

technology which, allows high-speed data transfer that is 

done with the help of radio waves.  It allows the smart devices 

to get connected to a wireless network.  The Wi-Fi offers data 

transfer at the faster rate and it can handle large amount of 

data.  The most common Wi-Fi standard is 802.11n which, is 

used in many businesses and homes.  It is very fine for 

transferring file, and the smart devices can exchange the data 

with the help of Wi-Fi router.  It is also used in many IoT 

applications for transferring the data [7][18]. 

C. ZigBee 

The ZigBee wireless communication technology is used to 

transfer small amount of data over a short range of 

communication.  It consumes low power, and it is used in 

automation of home applications.  It offers high scalability, 

high security, and robustness.  The ZigBee is a standard for 

high-level and the low cost communication protocol for 

creating small size personal area networks and lower power 

digital radios that will transmit the data over long distances.  

And at the same time it is used in the applications that needs 

long battery life [7][18]. 

D. Zwave 

Zwave is a low power wireless communication protocol that 

is mainly designed for home automation of products such as 

sensors and lamp controllers.  It is used for low latency and 

reliable communication of small data packets.  The Zwave is 

very scalable, and uses simpler protocol than the other 

technologies, which enable simpler and faster development.  

It is used in IoT applications which exchange small messages, 

like energy control, health control and light control [7][18]. 

E. Thread 

The thread standard is based on IEEE802.15.4 and 

6LowPAN.  It operates at a frequency of 2.4GHz.  The thread 

is an IP based IPv6 networking protocol which, is mainly 

used in the home automation environment.  It is not one of 

the applications of IoT like ZigBee or Bluetooth, but it is 

designed to complement Wi-Fi, since Wi-Fi performs well in 

most of the consumer devices.  Table 3 shows the Range and 

cost of communication technology [18]. 

TECHNOLOGY RANGE COST 

Wi-Fi 100m High 

Bluetooth 50-150m Low 

Thread ~30m Low 

ZigBee 10m-100m Moderate 

Z-Wave 30m Moderate 

Table 3: Range & Cost of Communication Technology 

The short range communication technologies offer 

better connectivity for data transmission. Among them the 

Bluetooth offers better security than others, as it covers only 

shorter distances.  And it is well suited for using in electronics 

devices as its power equipment is smaller.  In comparison 

with other technologies Bluetooth is highly cost effective and 

it is used in most of the devices and products. 

V. ROLE OF MACHINE LEARNING IN ANALYTICS FOR 

AGRICULTURE 

The big data play a major role in agriculture since the data 

collected from the cultivation area which includes parameters 

about soil conditions, and temperature driven from sensors 

becomes increasing and forms an important component for 

analysis.  The collected data can be stored and can be used for 

processing.  There are several big data techniques available 

among those one of the popular techniques for agriculture is 

machine learning [1].  The application of machine learning to 

agriculture is incredibly important because it allows the 

system to combine the historical information with the real-

time information such as weather conditions these data can 

be maintained.  The two main classifications of machine 
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learning algorithm are supervised and unsupervised.  For 

making predictions based on the given set of data by 

analyzing the predefined data supervised learning can be used 

[8][22]. 

The Naïve Bayes algorithm is one of the supervised 

learning algorithms which have greater computational 

efficiency and classification rate, but it requires very large 

amount of data for obtaining good results [9].  The artificial 

neural network learns and no reprogramming is needed, it is 

applicable for wide range of problems in real-time.  The 

disadvantage is that it requires high processing time if the 

neural network is large.  The K-nearest neighbor requires zero 

cost of learning process, but it is sensitive to noisy or 

irrelevant attributes [10].  The decision tree is easy to 

understand, but it does not handle streaming data easily.  The 

support vector machine is another algorithm which can be 

used for information retrieval, and it can be used to classify 

agricultural data and it outperforms well when compared to 

other algorithm.  The various supervised learning techniques 

used are given below in Table 5 [11][12][14][23]. 

Algorithms Features 

Naïve Bayes 

Algorithm 

Simple to implement but 

performs less for less data. 

Support Vector 

Machine Algorithm 

High accuracy but sensitive to 

outliers. 

Artificial Neural 

Network 

Easy to implement but learning 

is slow. 

K-Nearest neighbor 

Algorithm 

Learning can be simple but 

sensitive to noisy attributes. 

Decision Trees 
Easy to generate rules but may 

suffer from a over fitting. 

Table 4: Feature Comparison of Algorithms 

The supervised learning, algorithms are widely used 

to predict the soil characteristics.  Among them the support 

vector machine is a supervised learning algorithm that can be 

used for classifying the soil patterns and it outperforms well 

when compared to other algorithms.  With respect to the 

vegetation and soil moisture, the SVM is able to produce 

greater accuracy.  The components involved are shown in Fig. 

2 where different sensors are incorporated in the field these 

sensors are connected to the microcontroller, and with the 

help of Bluetooth the data are collected and stored in data 

storage.  The collected data are then analyzed using the SVM 

algorithm for making smart decision [13]. 

 
Fig. 2: System Design 

VI. CONCLUSION & FUTURE WORK 

The issues in agriculture can be overcome using IoT and Big 

data their integration produces drastic improvement in the 

quality of agriculture.  With the help of low cost sensors, 

communication technologies, the user-friendly 

microcontroller boards and efficient analytic tools the smart 

crop cultivation has gained its attention in agriculture.  Then, 

by analyzing the collected data, the analysis result will greatly 

support the farmers for cultivating the crops at right time to 

acquire profit and to increase productivity.  In future the work 

aimed to build a decision support system for farmer by using 

wide range of sensors and long-range communication 

technology for efficient analysis of smart crop cultivation. 
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