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itaon s Optimum utiliz.ation of clean water arognd the gl(.)belz is.essential in order to avoid
updates scarcity. In agriculture, due to the lack of intelligent irrigation systems, consumes more
amount of fresh water. Smart irrigation using IoT technologies can solve the problem by
achieving effective utilization of water. By examining ground parameters such soil
temperature, air moisture, soil moisture, humidity, and weather data (precipitation) from
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Qﬁfﬁ?stlf:dog 5] ?&;22%221 the website, this research project forecasts the irrigation schedule. When designing
intelligent irrigation, soil moisture is a key consideration. It is suggested that a hybrid
CorrespondingAuthor machine learning algorithm be used to estimate the soil moisture for the next days using
Krishan Kumar, field, environmental, and weather data in order to accomplish smart irrigation. The field
data are gathered by sensors and are transmitted via wifi to the server and the web-based
DOI interface is developed to visualize the current field data, weather data, and schedule of

the next irrigation. The system is fully autonomous which starts and stops the irrigation
based on the result of the algorithm. This work depicts the architecture of the system and
describes the information processing of the results for a month. The accuracy of the
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1. INTRODUCTION

Agricultural development depends on water as it is necessary for the
development of plants. Therefore, a sufficient amount of water should be provided
at the right moment to boost agricultural productivity. Authorities also worry about
water shortages in numerous nations where fast and significant overall water usage
has grown Fraiture & Wichelns (2010).

Conventional irrigation methods are not enough to solve water shortage Nikzad
etal. (2019), Singh (2019) and Zhang et al. (2019). Though only if agricultural water
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is properly managed, land and water resources are enough to feed the globe for the
next fifty years Molden (2007). This sector has to employ present technological
developments and investigate new ideas in order to enhance water management
and consequently reduce water usage.

Precision farming is meant to solve a lot of different farming problems. It
minimizes water usage and might help output to be improved and expanded Zhang
et al. (2002). Using creative technology, precision agriculture's main goals are to
increase irrigation management and raise crop yields while using fewer energy and
inputs. After gathering data using satellites, drones, and sensors among other
observation techniques, precision agriculture links it to decision support tools via
online and mobile apps. These information are collected and examined to improve
and ease farmers' everyday life Khanna & Kaur (2019).

Technological developments in recent years have helped agriculture to become
more industrialized and technologically accessible. Using several intelligent farming
tools, which have raised their predictability and efficiency, farmers have gained
control of agricultural and animal production operations.

Climate warming and extreme storms aggravate the hazards to important
infrastructure Kumar et al. (2018). For many countries, one of the main agricultural
issues is reduced water and energy use during irrigation. About 70% of water is
used globally for agriculture; most of these countries suffer with water shortage
therefore they have to employ smart irrigation methods and rational water resource
management Johansson et al. (2016), Doungmanee (2016) and Munoz et al. (2018).

Data centers, sensors and software-equipped devices, machines, and data
centers form part of the [oT and interact via the Internet Ray (2018). The main
objectives of the Internet of Things are to enhance machine-to----communication
and enable the optimal decision free from human involvement Popkova et al.
(2019). The Internet of Things' development and application helped many
procedures to change in spanning home security, equipment manufacture, health
monitoring, automated transportation, and—most famously—agriculture Asghari
etal. (2019).

Acknowledging the advantages of precision farming, this paper suggests a
clever irrigation system using a supervised learning approach for crops. The
suggested approach considers land and data from agricultural crops to make
irrigation recommendations. This form of smart irrigation guarantees the required
water supply to the crops without waste of resources and helps to save water
resources. The section following details the intended work.

2. PROPOSEDENERGY-EFFICIENTSMARTIRRIGATION SYSTEM

Field sensors, sink nodes, IoT-enabled valves, and user terminals are among the
many components of the proposed energy-efficient smarter irrigation system. Once
the matter calls for response, the user is alerted. While guaranteeing improved
output, the smart irrigation system helps to water the crops as required and reduces
water waste. This part contains a quick overview of all the elements. Figure 1 shows
the general flow diagram of the intended task.

Gathering data from the agricultural field, the field sensor analyzes and sends
the data to the sink node. The "field sensors" in this paper denote sensors of soil
moisture, water level, and temperature. The watering for the crop is decided upon
by the inputs of all these sensors. Gathering and distributing data from every sensor
node to the "Cloud Server" (CS) falls to the sink node.
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Figure 1
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Figure 1 The Overall Flow of the Proposed Work

To make wise judgments, the CS cleans the duplicates and analyzes the data.
Furthermore, this project controls water flow by means of IoT connected valve
controllers. Current updates are then and there sent to the users.

The field sensors cover a hundred meters of ground. From all the field sensors,
the sink node accumulates and sends data to the Control System (CS), which
evaluates and verifies the data to ascertain when to water. A Support Vector
Machine (SVM) makes the decision; so, the detected data guides the water flow. One
may understand decision-making as follows.

3. DECISION MAKING BY SVM

Teaching the SVM classifier the desired feature set helps the classifier to decide
on irrigation. Training the classifier on the training cases helps one to achieve this.
This study uses n(n - 1)/2 SVM classifiers and derives the conclusion by
determining the most commonly occurring choice. A traditional SVM uses a
hyperplane as a dividing line and indicates two different classes for items.

w.tsi+ bias=+1forpi=+1 (1.1)

w.tsi+ bias<-1forpi=-1 (1.2)

In the above equations, tsiis a sample for training, and w seems to be a linear
hyperplane. Because linear separation of data is never achievable, slack variables
are used{sv}q are introduced as shown in the following equation.

p(w.tsi)+bias>1-svi (1.3)

Every pair of classes generates n(n- 1)/2 classifiers. This approach aggregates
the classifier assessments to get an ultimate decision. This kind of classification
guarantees more accurate results and saves time. With an [oT-enabled water valve
controller, the suggested smart irrigation system preserves the soil moisture with
60% while the practical moisture of soil in the agricultural area is 60%. The valve is
regulated according on the detected temperature (tmp) reading by the temperature
sensor displayed in the following situation.
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iftmp<15°C;openvalveby3 mm

{if 15°C<tmp<25°C;openvalveby5mm (1.4)
iftmp<25°C;openvalveby8 mm

The primary flow of this work is shown by the following method.

Proposed Algorithm for Smartlrrigation System

BEGIN
//Field Sensors

Acquire soil moisture, temperature and water level readings; Forward the sensed
readings to the sink node;

//Sinknode
Receive readings from the field sensors;
Locally process it by removing duplicates;
Forward the data to the cloud server;
//Cloud
server
Receive data from sink node; Apply
SVM classifier;

Check for the temperature
Iftmp<15°C

This circumstance drives the suggested smarter method to provide water to the
agricultural fields. The ideal temperature is set as the threshold; a constant learning
process grounded on a trial-and-error technique fixes the threshold. The outcomes
of the suggested activities are covered in the next part.

4. RESULTS AND DISCUSSION

This part runs and displays the suggested work using Matlab (2019B). The
performance of the work is assessed in respect to past published works. The
suggested method is evaluated using conventional performance criteria including
accuracy, sensitivity, and specificity; its performance is then compared with that of
present classifiers like k-NN, Relevant Vector Machine (RVM), and Support Vector
Machine (SVM). The results of experiments show SVM beats RVM. The accuracy,
sensitivity, and specificity metrics are computed using the following formulae:

Ac=—""1—% 100

Tp+Tn+Fpt+Fn (15)
Sen="2x100
Tp+Fp (1.6)
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Spe=""x100
Fp+Tn

(1.7)

Where frates are respectively Sp, Sn, Fp, Fn. Different classifiers including k-NN,
RVM, and SVM are shown in the graphs below.

Figure 2
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Figure 2 Accuracy Rate Analysis

Evaluated and contrasted with different classification methods including k-NN
and RVM is the accuracy rate of the SVM classification strategy. SVM performs more
effectively than the related methods.

Closely followed by the RVM classifier, which has a rate of 98.8 percent

accuracy, the SVM classifier gets a rate of 99.8 percent accuracy. The sensitivity rate
of the recommended method is shown graphically below.

Figure 3
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Figure 3 Sensitivity Rate Analysis

The sensitivity of the proposed method is assessed and found to be appropriate
with respectable rates. The RVM classifier shows 97.4% while the SVM displays
International Journal of Research - GRANTHAALAYAH 68
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98.6% as the sensitivity. The sensitivity rates indicate some variations even if the
SVM and RVM classifier accuracy rates are more near to one another.

The low number of false negatives provides the justification for the greater
sensitivity rates of ensemble classification. Figure 4 shows the specificity rate
analysis of the recommended strategy.

Figure 4

98.5
98 -
97.5 -

97

96.5 -
96 |
95.5
95 T
k-NN RVM SVYM

Classification Techniques

Specificity (%)

Figure 4 Specificity Rate Analysis

The SVM works better with the highest specificity rate according the specificity
rate study. Following the SVM with 98.1 percent as the specificity rate comes the
RVM classifier with 96.7 percent.

Higher accuracy, sensitivity, and specificity rates abound from the SVM
classifier. The time needed for the many categorizing techniques is compiled in the
following table.

Figure 5
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Figure 5 Time Consumption Analysis
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Thus, the performance of the work is investigated and it is discovered that the
SVM beats the related classifiers. The following shows the projected work's energy
usage analysis.

Figure 6
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Figure 6 Energy Consumption Analysis

On accepted performance criteria, the experimental results show that the
suggested strategy beats similar solutions. The crop output may be improved as the
soil moisture is kept constant all through. Besides water waste is also avoided as the
water supply is started upon demand. The chapter is summed up in the next part.

5. CONCLUSION

This paper proposes a smart irrigation system using IoT and a supervised
learning algorithm for contemporary agriculture. The sink node gathers the data
while the suggested work uses numerous field sensors. Supervised learning
algorithm controls the IoT-enabled water valve. The performance of the task is
assessed with respect to numerous benchmark criteria. For precision agriculture, a
hybrid ML system is put forth to forecast soil moisture. Different climatic factors,
such as air temperature, moisture content, soil temperature, and soil humidity, all
affect how moist the soil is. For the purpose of predicting soil moisture in this
suggested work, weather data is used. In order to forecast soil moisture for the
upcoming days for optimal irrigation, this work takes into account both field sensor
data and precipitation information. The suggested technique predicts soil moisture
with a reasonable degree of accuracy and a low rate of error. The deep learning
technique will be used in the future to forecast soil moisture for intelligent
irrigation.
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