
Abstract 

Precision agriculture and farming-technology, now also termed digital agriculture, have arisen as 

new scientific fields that use data intense approaches to drive agricultural productivity while 

minimizing its environmental impact. Nowadays, modern people don’t have awareness about the 

cultivation of the crops in a right time and at a right place. Because of these cultivating 

techniques the seasonal climatic conditions are also being changed against the fundamental 

assets like soil, water and air which lead to insecurity of food. This paper study about the 

influential factors in agriculture and how IoT and sensors are used in the farm to increase the 

productivity and reduce the overburden of the farmers. The advanced technology was described 

to crop selection, yield prediction, weather prediction, fertilizer selection, water irrigation and 

soil management.  
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1. Indroduction 

Agriculture in India is largely depending on monsoon. As a result, year by year food grains 

production goes up and down. The issues facing by the agricultural sector in India is agricultural 

machines, workers, crop selection, weather, unawareness of modern technologies and water 

irrigation. A significant issue in planning of agricultural requirements and production purposes is 

the perfect yield estimation for the numerous crops involved in the planning. In recent years 

there has occurred a fall in agricultural production mainly due to fall in the output of non-food 

articles, the systems and techniques of farming  and the marketing of agricultural products. To 

resolve the above all agri-technology and precision farming, now also termed as digital 

agriculture, have arisen as new scientific field that use data intense approaches to drive 

agricultural productivity while minimizing its environmental impact. Nowadays agriculture 

sector is evolving with the advent of information and communication technology. Efforts are 

being made to enhance productivity and reduce losses by using the state of art technologies and 

equipment. Many smart systems have been available in the world to help the farmers. But due to 

the migration of people from rural to urban, there is a hindrance in agriculture. Smart agriculture 

techniques using IoT and sensors are the only solution to this problem. Precision Agriculture 

(PA) is a management approach that uses information technology to improve quality and 

production.   
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Internet of Things (IoT) is a collection of many devices over the internet. IoT is defined as an 

organization of connected devices of nature computing, mechanical and digital machines, objects 

either animals or people that are given with their own identifiers and it is able to transfer data 

over a network. An IoT consists of web-enabled intelligent devices that use implanted 

processors, sensors and communication hardware to receive, send and act on data they attain 

from their environments. IoT devices distribute the sensor data they collect by involving to an 

IoT gateway or other end device where data is either sent to the cloud to be analyzed or analyzed 

locally. Every time, these devices connect with other linked devices and act on the information 

they get from other devices. The components do most of the work not getting human 

involvement, even though people can communicate with the devices. Precision Agriculture 

termed as Smart farming can be enhanced with the help of IoT. In IoT-based smart agriculture, a 

methodology is built for controlling the crop field with the help of sensors and automating the 

water irrigation system.  It works in different domains of farming to improve selection and 

growth monitoring of crops, time efficiency, soil management, water management, control of 

pesticides, insecticides and weeds, yields and marketing etc. The farmers can watch the field 

conditions from wherever they are. IoT-based precision farming is highly competent when 

compared with the usual approach. 

New smart sensing technology allows farmers to remotely monitor their fields in real-time and 

take immediate action to protect their crops, utilizing online cloud services and a dashboard. The 

use of smart sensors, software, and artificial intelligence will transform the agricultural industry. 

Combination of sensors and sensor connected hardware will bring into the necessary plant data 

to raise crop production and accept disease-free large yield crop varieties to keep rate with the 

rising requirement for food. Sensors used in precision farming are known as farming sensors. 

These farming or agriculture sensors offer data which help farmers to observe and optimize crops 

by adapting to changes in the ecological situation. These sensors are fixed on weather stations, 

drones and robots used in the farming engineering. They can be controlled using mobile apps 

particularly developed for the function. Based on wireless connection they can be guarded 

straightly using wifi or using cellular towers with cellular frequencies with the help of mobile 

app. 

 

2. Related Works 

Dr N. Suma [5], includes various characteristics like GPS based secluded controlled monitoring, 

humidity & temperature sensing, intruders scaring, protection, leaf moisture and suitable 

irrigation services in their project. It makes use of wireless sensor networks for noting the soil 

properties and environmental factors continuously. 

Haider et al., discussed that wireless sensor networks (WSNs) have been used in different 

agricultural applications, such as for monitoring climate and using soil nutrient data to forecast 

the health of crops and the quality of agricultural products. Irrigation arrangement can be 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue I, January-2020

ISSN NO: 0039-3347

Page No:74



identified using WSNs by monitoring weather situation (such as temperature and moisture) and 

soil moisture. Other sensor nodes can be added to the existing WSN to improve the parameters 

of the agricultural monitoring system and to make the network scalable. 

 

Gonzalo Pajares et al., explained different types of sensors used in agriculture to advances the 

farmers to use the technology and improve the yield. 

 

G. Mendez et al., has proposed a smart wireless sensor network so the authors design an 

architecture to data collection from nodes in an agriculture environment. They examine the 

collected data and present their results to its end users. 

  

K. Shinghal et al., has presented a method based on wireless sensor networks in potato farming 

that it monitors and understands individual crop and requirements. 

 

X. Jianfa has introduced a smart system based on wireless sensor network in a red bayberry 

greenhouse using soil moisture and temperature sensors. This architecture can collect the various 

parameters like temperature, moisture, illumination, and voltage of the greenhouse. GPRS 

gateway has been used for transmitting data to monitor the system. The power of sensors is 

supplied by solar and storage batteries. 

 

G. Nikesh et al., has proposed a method to make agriculture smart using automation and IoT 

technologies. In this paper, the authors use ZigBee models, camera and actuators to handle smart 

water irrigation on precise real-time data taken from the field.  

 

M. Ibrahim et al., has focused on automated irrigation using the wireless moisture sensor 

network and IoT technology in order to smart precision agriculture system. Water irrigation 

schedule is to supply water to the plant at specific times and preset irrigation by data received 

from temperature, humidity and moisture sensors. 

 

3. Proposed Technology 

The use of sensors helps utilize all existing resources properly and to apply hazardous products 

reasonably. Once the nutrients in the soil, moisture, solar radiation, concentration of weeds and a 

huge set of parameters and data disturbing the production are known, we can provide the suitable 

solution to improve the production. At the same time, the use of chemical products such as 

manure and fertilizers, weed reduction and other environmental pollutants can be minimized 

significantly. WSNs have been used in different agricultural applications, such as monitoring 

climate and using soil nutrient data to forecast the health of crops and the quality of agricultural 

products. 

 

The smart farming has the following parts as shown in Figure 3.1. 

i) Soil Management 

ii) Crop Selection 

iii) Fertilizer Selection 
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iv) Insects & Weeds Identification and removal 

v) Water Management/Irrigation 

vi) Weather Prediction 

vii) Crop Yield Prediction 

viii) Marketing the Products 

                                                

                                                                               

                                      

                                                          

Figure 3.1 Components of AGRIOT 

3.1.Soil Management 

Soils are made up of different combinations of sand, silt and clay particles. Soil porosity is 

defined as the amount of pores within the soil. This porosity helps the movement of air and 

water. The soil which is healthy, have many pores between and surrounded by the aggregates. 

The soils which are very poor quality have a small number of visible pores, cracks or holes. The 

porosity of the soil is affected by the way how the soil is managed. Soils can be acid, alkaline or 

neutral. Soil pH influences nutrient absorption and plant growth.  Nutrients like potassium 

and ammonium have positive charges. Nutrients in the soil are attracted to the organic and 

mineral matter, which are negatively charged. This reduces them from being lost through leakage 

as water moves through the soil. Nitrates are not protected from leaching in most soils as they are 

negative charged. Soil colours range from black to red, and to white. Sometimes it can even be 

blue. Organic matter and iron are the main causes for the colour of soil. Soil at the top is usually 

dark because of organic substance. Moreover single colour indicates the soil is well shattered. 

Alternatively, poor drainage is indicated by rusty spots and grey patches.  Organic substance and 

mineral content are the depending factors for the soil colour by influences drainage. 

 

AGRIOT 
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The type of soils, different types and amounts of nutrients, and different types and amounts of 

water needed to grow a crop is depended on types of different crops cultivated. The growing 

season and the weather where the plant is growing influence the amount of water required by the 

plant. By selecting the accurate crop for the specified soil conditions and type of weather, one 

can optimise yields and save water needs for irrigation. Alluvial soils are deposited by rivers and 

are rich in some nutrients like potash and humus, but are lacking in nitrogen and phosphorous. 

They have a property of sandier and quicker-draining than other types of soils. The plants well 

grown in these type of soil are, rice, wheat, sugarcane, cotton and jute. Black colour of soil is 

given by various salts or by humus. It contains a huge amount of clay, but is sandy as well 

available in hillier regions. This soil contains reasonable amounts of phosphorous but is very 

poor in nitrogen. This type of soil is also used for growing rice, wheat, sugarcane and 

cotton. Laterite Soils is an acidic soil and is rich in iron, which gives the soil a somewhat red 

appearance. More tropical crops such as cashew, rubber, coconut, tea and coffee can be grown in 

this type of soil. Red and Yellow Soils are filthy and somewhat tart, and are also low in nitrogen 

and phosphorous. These types of soils are used to grow rice, wheat, sugarcane, millet, groundnut, 

ragi and potato. The crops and other required parameters are shown in Table 3.1. 

Table 3.1. Crop Parameters 

   

                                                                   

                         Figure 3.2 

(a) Components of Electrochemical Sensor         (b) Electrochemical Sensor 

Crop Water Need Temperature Soil type 

Banana 1200-2200 10-40C well-drained soil 

Wheat 450-650 14-25C well-drained-light clay to heavy clay   

Cabbage 35-500 7-18C sandy loam to clay 

Cotton 700-1300 18-27C well-drained loam, and regur (black-earth)  

Onion 350-550 20-25C sandy loam, clay loam, silt loam and heavy soils 

Potato 500-700 7-26C loose, well-drained loam soil 

Rice 450-700 16-27C Heavy-clayey to-clayey-loam 

Sugarcane 1500-2500 20-35C Well-drained alluvium, black, red and brown 

regur soil  

 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue I, January-2020

ISSN NO: 0039-3347

Page No:77



Electrochemical sensors shown in Figure 3.2 (a) & (b) are capable of assessing spatial variability 

of different soil chemical properties directly or indirectly. These sensors will provide soil 

nutrient levels and pH value. Electromagnetic soil properties are influenced by soil texture, 

salinity, organic matter, and moisture content. Other soil properties such as residual nitrates or 

soil pH can also be predicted using these types of sensors. These sensors can be placed in the 

tractors to get the data about the soil properties.  

3.2. Crop Selection 

The following are the major factors which influence the crop selection. Climatic factors, soil 

conditions, water, knowledge on crops, previous experiences, weed control and financial support. 

Weather parameters such as temperature, rainfall, sun shine hours, relative humidity, wind 

velocity, wind direction, seasons and agro-ecological situations need to be monitored with the 

help of sensors. pH and soil fertility to be checked. Nitrogen and phosphorous are the big two 

nutrients. Soil testing is important in knowing what is needed and providing adequate and 

affordable amounts of nitrogen, phosphorous and other nutrients as needed like zinc, sulfur, etc. 

There should be adequate water sources like a tanks, wells, adequate rainfall, pump sets, micro 

irrigation systems. The knowledge on cropping systems management, previous experiences with 

regard to the crop/cropping systems, financial resources, adequate labours to manage are the 

other important factors influenced. The technologies used need to be economically feasible and 

technically viable.  

3.3.Fertilizer Selection 

Based on multiple parameters like soil type, plant condition, water level and weeds, the required 

fertilizer is selected. The past conditions or experiences of the farmers are recorded and the 

periodic feeding of fertilizers are set in the system predefined and it alerts the farmers to do the 

same in the required time. The deficiency of some minerals in the soil can be identified by the 

sensors and can be rectified by feeding the necessary fertilizers. 

3.4.Insects & Weeds Identification and removal 

Drones are extremely useful in supervising agricultural processes with the help of the clips and 

maps of ground which they provide. A farmer gets an instantaneous understanding of which 

crops need most urgent concentration. Besides, the advantages of using this innovation in the 

sphere include better care over crop in general — evaluation of its health state, irrigation, 

monitoring of progress, spraying, and planting. Finally, drones are helpful in saving time, since 

all the information is collected without the need to invest time and effort in working on the field. 

IoT offers two types of drones for agricultural requirements: ground-based drones and aerial-

based drones. The farmers provide the field data like ground resolution and its altitude, to collect 

the necessary information from drones for the agricultural process. Information about plant 

counting, yield calculation, healthiness indices, height meterage, the occurrence of chemicals in 

plants and soil, drainage mapping and various other data are provided by drones as a result. The 
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following are the data given by drones as instructions to the farmers about the agricultural 

process. Soil and field investigation like 3D maps for seed planting predictions, planting by 

providing the necessary nutrients, crop spraying with ultrasonic resonant and lasers to regulate 

altitude and avoid collisions, crop monitoring through providing time-framed animation clips 

instead of static satellite images, irrigation having sensors to reveal dry areas, and health 

evaluation taking crop scans to discover the lack of green light and NIR light. As a conclusion, 

drones take care of the full agricultural process. 

 

3.5. Water Management/Irrigation 

Excellent water management methods will also increase yields, improve quality of the crop, save 

water, accumulate energy, reduces fertilizer needs, and reduce non‐point source contamination. 

Wireless moisture sensors that communicate with the smart irrigation controls and help inform 

the system whether or not the landscape is in need of water. Additionally, the smart irrigation 

controlled receives local weather data that can help it determine when a landscape should be 

watered. The efficient irrigation system will help to have improved control of your land and 

irrigation requirements as well as need not worry about the things like when to irrigate the plants 

and how much water as the smart system can make decisions autonomously without human 

intervention. Soil moisture sensors shown in Figure 3.3., potentially provide the means to irrigate 

in accordance with the unique characteristics of a given crop in a given field. Soil Moisture 

sensor is a sensor which measures water content in a soil is known as moisture sensor. A probe 

contains multiple such sensors. It helps in managing irrigation systems more successfully and 

economically. It helps farmers to save water, to raise the yields and to enhance quality of the 

crop. 

 

Advantages  

 Simple method of measurement.  

 It delivers the results immediately.  

 Very low in cost.  

 Offers accurate results.  

 Offer larger moisture reading range from 0 to 200 cb or kpa.  

Disadvantages 

 Requires initial assessment of site specific environment before selection of suitable 

sensor.  

 Requires probe need to be inserted in the soil. It requires labour to accumulate the data 

and preserve the measurement processes.  
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 The measured values depend on properties of various materials. Interpretation of data 

needs to be correct and humidity data is needed.  

 Provide less accuracy in sandy soils due to huge particles.  

 Need to be calibrated for each soil types and also require periodic services.  

A voltage proportional to the dielectric permittivity is created by this sensor. From this we 

can find the water content of the soil. The sensor averages the water content over the 

complete span of the sensor. There is a 2 cm zone of pressure with respect to the horizontal 

surface of the sensor, but it has little or no sensitivity at the extreme ends. The Soil Moisture 

Sensor is used to determine the loss of humidity over time due to evaporation and plant 

uptake, estimate optimum soil moisture stuffing for various species of plants, monitor soil 

moisture content to manage irrigation in farms. If possible, when there is zero humidity in soil, 

the sensor acts as open circuit i.e. unbounded resistance. For this condition, we get 5V at the 

output. 

            

             Figure 3.3. Soil Moisture Sensor 

The sensor readings are sent to the gateway/base station through which it is transferred to the 

cloud to process it. The threshold value is set in the application. If the water level is less than the 

required threshold value, the water motor is operated until the desired amount of water is 

supplied. When the sensor readings indicate that required water level is reached, irrigation will 

be ended.  

3.6. Weather Prediction 

The following are the parameters which can be collected across all your farms 

Rainfall: See how much rain has fallen during a particular period 

Temperature: Examine the temperature changes day to day, week, month, or more than that 

Wind speed and direction: Wind parameters allow farmers to forecast oncoming storms more 

precisely. 

Air pressure: Another sign of upcoming weather. 
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Humidity: This helps you to take better decisions about water consumption and pending rain. 

Temperature & Humidity Sensor (DHT11):  This sensor shown in Figure 3.4., includes a 

resistive element and a sense of wet NTC temperature measuring devices. It has tremendous 

quality, fast response, anti-interference capability and high cost performance advantages. 

 

 
 

Figure 3.4. Temperature & Humidity Sensor (DHT11) 

 

Advantages 

Sensitivity, Accuracy, Cost, Flexible, Surface mount 

Disadvantages 

Non-linearity, Self-heating, Moisture failures 

 

4. Proposed Methodology 

 

The farm considered is a banana farm of 1acre. The sensors for various purposes are fixed with 

an Arduino board. This board is fixed once in 100 feets. All such boards are connected with a 

gateway or base station to collect the large data and it get processed and the appropriate alert 

message is sent to the farmers. Deep, rich loamy and salty clay loam soil with pH between 6 

to7.5 is most preferred for banana cultivation. The sensors used for getting soil parameters are 

frequently collecting the data and transferring it to the base station. The threshold values for 

water, soil parameters, fertilizers feeding period etc. are already set in the application. if any of 

the sensor parameters goes below of this threshold then the alert message will be transferred to 

the farmers. The water irrigation module will get the message and switch on the motor and once 

the message from the station gets that required quantity of water is poured then it switch off the 

motor without human intervention. The machine learning algorithms used for classification of 

diseases in the plants collects the images sent by the drones and uses the classification algorithm 

to find any abnormal colours in the leaves of the plants are seen and the very micro sized insects 

affected etc.  The architecture diagram is shown in Figure 4.1. 
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Figure 4.1. Architecture Diagram 

 

In yield prediction method, the core component is to predict the yield rate of the crop. In order to 

predict the yield rate we use Artificial Neural Network. Artificial Neural Networks are good at 

pattern recognition, and hence suitable for yield rate prediction .In Artificial Neural Network, we 

use Multilayer perceptron model, which contains one input layer, N hidden layers and one output 

layer. Each layer contains N neurons. In our case  the input layer contains six neuron containing 

Nitrogen (SN), Phosphorous (SP), Potassium (SK), temperature (in Celsius), humidity, rainfall 

(features). Neural network performance is based on the number of hidden layers between the 

input and output layers. However for small number of input neurons, if the number of hidden 

layers is high, then the model will take too much iteration to train. We must maintain a trade off 

between input neurons and hidden layers. To predict the yield rate, we use six input neurons and 

hence two hidden layers are more than enough for constructing a good model. Output layer 

contains only one neuron which is the predicted yield rate(labels). We have to predict the yield 

rate for each and every crop. Hence we have to construct the ANN model for each crop.  

 In our ANN model, we assign some random weight to neurons at initial iteration. The 

artificial neuron weight embodies two concepts, plasticity and signal strength. Plasticity is the 

concept by which weight can be adjusted between training epochs, and signal strength is the 

amount of influence the firing neuron has on those to which it is connected in the next layer. 

Each neuron has both input function (except input layer), output function (except output layer).In 
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our model we use weighted sum as input function, sigmoid function as output function and 

MeanSquareError as error function. 

 

Input is typically a feature vector x multiplied by weights w and added to a bias –b.  

Y = x * w + b 

A perceptron produces a single output based on several real-valued inputs by forming a linear 

combination using its input weights (and sometimes passing the output through a nonlinear 

activation function). 

 

where w denotes the vector of weights, x is the vector of inputs, b is the bias and phi is the non-

linear activation function.  

We take the seventy five percent of dataset to train the network. Before perform the training we 

have to normalize the input values which is done by using Min-Max normalization. Minmax 

normalization is a normalization strategy which transforms x to y linearly. 

y= (x-min)/(max-min)  

where min and max are the minimum and maximum values in X, where X is the set of observed 

values of x. 

 Before predicting, we have to train the model by using Labeled examples (features, 

label). During training, we pass the value to the input neuron. These values are given to the 

output function of input layer. Output function results are given as the input to the input function 

in the next layer, and this continues until the model reaches output layer. This process is known 

as feed forward. Output layer gives the yield rate as output. Computed output is compared with 

the label. Difference between the label and output is known as error. We use the 

MeanSquareError as error function. Based on the error, we can propagate backward to adjust the 

weights between neurons. This is known as back propagation. This process continues until we 

reach the tolerant level of error. 
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Crop Yield Prediction Module Output 

 

 

Conclusion 

The proposed work best describes the step procedure in farming specifically the banana farming 

and its sequences. The advanced technology uses the different sensors with IoT devices and 

machine learning algorithms to take necessary actions in cultivation and send the alert messages 

whenever it is required. The energy needed is given by the solar panel fixed in the farm through 

battery. The huge data collected from the Arduino devices can be stored in the cloud for further 

processing. 
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