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Abstract: The primary resource for cultivation with little storage is water. 64% of the land that is available is used for farming,
which requires close to 85% of the total water storage's clean water. The development of crops and the condition of the soil are
both enhanced by proper watering. The farmer must use intelligence to make realistic judgments based on the soil's state and the
water resources that are available in order to prevent water waste and achieve full water utilization. This presents a challenging
opportunity to apply Artificial Intelligence (Al) theory and concepts to the process of water irrigation. In this work, an
intelligent strategy for agricultural irrigation with water is suggested. The Internet of Things (IoT) based Smart Fuzzy Water
Irrigation System (FWIS) uses two different types of nodes: the Master Node and Sensor Nodes. Manual Mode (MM) and
Automatic Mode (AM) are the two operating modes for FWIS. The 10T is used in MM to construct a web server and control the
water distribution. The purpose of wireless communication is to transmit instructions that remotely regulate whether the water
pump is turned on or off based on the values of soil parameters. Fuzzy Logic (FL) is utilized in AM to determine the water
supply pumps' turn-on time (TURN_ON_+;y) based on sensors that read soil characteristics such as temperature and moisture.
A database is created that contains ideal soil parameter values for four types of crops: cotton, wheat, sugarcane, and rice. The
technology is checked on-site, and 95.1% correctness is recorded for controlling water flow in relation to real-time soil data to
prevent water waste. When compared to the traditional irrigation approach, FWIS is able to use less water while still producing

the same amount of crop.
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1 Introduction

Humans require farming to meet their basic
requirements. Farming around 85% of the fresh water
and 64% of the land that is now accessible (Wang,
2022) . These numbers are consistently rising year over
year as a result of globalization and population growth.
Therefore, it is a challenge for every nation to build
systems that would cut down on water waste and
guarantee maximum water usage. A definition of
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irrigation is the action of supplying water to the soil
(Zimmermann and Neu, 2022).

Water demand differ from one kind of soil to the
subsequent and rely on a number of factors, including
pH, temperature, moisture, and the variety of crops
(Liu et al., 2021). Smart agriculture is a manufacturing
agricultural approach that integrates intelligence. Its
main goal is to maximize desired consequences with
maximizing long-term, site-specific, total farm
efficiency, productivity, and profitability. Sensing
technologies as well as precise methods are required to
enable automatic soil parameter acquisition, sensor
connectivity, plus complete soil irrigation achieving

maximum benefits to society (da Silva et al., 2020).
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Using the right irrigation technique is essential in
the world of farming. The automated of irrigation
facilities has the ability to maximize water
effectiveness while maintaining optimal levels of soil
moisture sensing as well as other crop factors
(Phasinam et al., 2022). In a conventional irrigation
system, the farmer must maintain an eye on the
irrigation schedule, that varies based on the crops and
perhaps other factors like the kind of soil. The farmers
of today irrigate the field manually at periodic times
using irrigation methods that are controlled by hand
(Abdelmoamen Ahmed et al., 2021). Perhaps more
water is used in this procedure, or the water arrives
later than expected, causing the crop to dry out. The
use of energy and water in farming in emerging
economies should be maximized (Naikoo et al., 2022).
The applications of water to fields unevenly and with
excessive work have historically been the results of
irrigation (Mou et al., 2020). Therefore, a sensing-
based autonomous irrigation technology is essential to
save on labor costs and provide consistent water
distribution over the area.

The foundation of the entire economy is farming.
Only fresh water is needed in farming for healthy crop
growth. The need for fresh water will increase in the
next years because of the population's well-known
rapid growth (Raghuvanshi et al., 2022). As a result,
there is a need for an Efficient Irrigation System (EIS)
for a number of reasons, including variable weather
circumstances and rising costs. The Intelligent
Irrigation System (I1S) has the ability to fully utilize
the available water resources and is extremely cost-
effective (Dr. Nagendra Tripathi., 2021). This type of
method allows for the reduction of water use while still
providing the crops with the necessary quantity of
water.

Apple trees that are drip-irrigated now have
automatic irrigation that improves manufacturing,
concentrates manufacturing costs, lowers power
requirements for pumping, and enhances. The
implementation of a Supervisory Control And Data
Acquisition (SCADA) system's diversity of hardware
and software characteristics in addition to the

suitability of the irrigation scheduling algorithms for
maintaining well-watered trees can be seen here
(Osroosh et al. 2016). An accurate mechanistic
explanation of the associated surface characterization
happening throughout fertilizer application and trench
irrigation can be provided by a mathematical model.
One-dimensional descriptions of water flow and solute
transport in the surface domain are combined in the
modeling framework using the methodologies that
have been suggested. The water and solute supply in
the soil next to the furrow can be explained
mechanically by this (Brunetti, Papagrigoriou, and
Stumpp 2020). The fuzzy-based energy-efficient sensor
network protocol for precision farming has already
been presented applying the Fuzzy Logic (FL) method
to select the best cluster head among other sensor
nodes in a rigorous one which lowers the energy
expenditure of nodes in each data transmission period
(Varmaghani et al. 2021).

A node is made up of a variety of sensors in the
proposed Fuzzy Water Irrigation System (FWIS) using
the 10T that senses the parameters and transmits them
to the monitoring system. The benefits of Wireless
Sensor Network (WSN) system, like reliable and
secure data transmission, a simple and adjustable
network, affordable equipment, long battery life, etc.
have led to a wide range of applications for this
advanced technology in numerous fields (Anitha,
Jayanthi and Chandrasekaran., 2021). One of the key
approaches to increase water efficiency is to install
helps in better irrigation for crops. Applications that
involve actual data monitoring have shown the value of
WSN (Mekonnen et al. 2020). Due to their capacity to
provide actual information collected by spatially
distributed  sensors, wireless sensor  networks
potentially play a significant role in maximizing the
production and usage of the available resources.
Several industries, including industrial control systems,
artificial intelligence, medicine, including farming,
have adopted FL. Computing using real-world qualities
and linguistics is made possible by FL (Mah, Skalna,
and Muzam 2022). In a monitoring system, choosing a
modeling approach is an important design step (Jiang
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et al. 2021), but in FL, the controller completes this
task exactly and accurately. The FWIS's contributions
are listed below:

This paper suggests a straightforward and user-
friendly installation procedure.

The FWIS assists users in providing crops with the
proper amount of water, thereby reducing water waste.

FWIS carries out irrigation in accordance with
agricultural needs. Consequently, the soil is less likely
to become worthless or saturated.

The user won't have to shell out money for labor.
The irrigation is carried out by the device once it has
analyzed the parameters.

2 Materials and methods

Multiple Slave Node (SN) and just a Master Node
(MN) make up the FWIS using the IoT. Using
numerous sensors and also the Graphical User Interface
(GUI) depicted in Figure 1, so every node could be
managed by an operator. As illustrated in Figure 2,
each SN's corresponding parameters are sensed using a
temperature sensor, moisture sensor, and pH sensor.
MN and SN exchange messages, as well as MN also
talks to the users. According to Figure 3, each MN is
made up of sensors and a Global System for Mobile
(GSM) module for control scheme.

The sensors' output is fed to the Analogue to
Digital Converter (ADC). The Fuzzy Inference System
(FIS) uses the temperature and moisture sensor output.
The Pulse Width Modulation (PWM) uses the output
from the FIS to determine the TURN_ON_tipe for the
pump. Relay is used to operate the pump depending on
the PWM's findings. The FWIS has two different
modes, including: Manual Mode (MM) andAutomatic
Mode (AM).

In MM, FWIS is done by hand via a web server. To
physically manage water flow, this option has been
included. The user is the main focus of the web server's
development. Using Global System for Mobile (GSM)
communication, the web server is linked to the master
node, which serves as a coordinating node. The user
can turn on and off the water supply via a web server.
The user can check the parameters sensed by the pH,
moisture, and temperature sensors in this mode. By

monitoring such parameters online, the user can send
commands. The process that follows after a specific
request is delivered via a web server occurs at the
pump, and the command that the node accepted is
displayed on the display. The wireless connectivity
between the MN and the SN can be confirmed by
checking the display. Because of the layout of the two
kinds of nodes, SNs and MNs, controls are provided
for the two pumps individually instead of
simultaneously both pumps to switch on and off. It is
possible to reduce the amount of water that is supplied
unnecessarily thanks to this automated deployment.

The Artificial Intelligence (Al) in the FIS is
intended to be included into AM. In reaction to the
measured soil parameters, the latest automatic
irrigation technologies provide water. However, such a
technology does not have a control for changing the
pump’'s speed in response to certain common
configurations of sensed values for soil characteristics.
Technologies like this present challenges in decision-
making for these kinds of common pairings. Therefore,
the FIS is included in this mode to prevent such
conflicting decisions as well as to manage the pump's
speed.

A data set has been developed for four different
crops. The user must make a decision based on the crop
that is now growing in the field. For crops utilized in
decision-making, ideal ranges of the soil parameters
are maintained in the data. The inputs to the FIS are
moisture and temperature readings. The rule base
necessary for such TURN_ON_ iy Of a water pump
operation is stored in FIS. By taking the ideal values of
the system into account, membership functions are
created for both moisture and temperature. The rule
basis developed for the pump's judgments is stored by
FIS. The TURN_ON_tijm of the pump is determined
by the measured values of the soil parameters and the
pertinent FIS rule. In order to adjust the pump's speed
with all conceivable possible combinations, including
crop as well as sensor data, the FIS is used.

The FWIS is made up of similar nodes spaced apart
by a specific amount. The separation between two
nodes is determined by the kind of soil. The sensors
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will typically have the same amount of water, soil
temperature, pH level, as well as moisture content if
they are situated roughly five feet from one another
(Sinha and Dhanalakshmi., 2022). Therefore, the
intended nodes should be positioned so that they will
show various values and be able to be observed.

One moisture sensor, one soil temperature sensor,
one pH sensor, one level detector, and one Zig-Bee
transceiver are located in each node. The FIS uses the
output of the sensor to determine the TURN_ON_ i
of the pump for all different permutations of the
detected temperature as well as moisture values. The
temperature and moisture of the soil are sensed. The
pulse generator receives the FIS output in order to
produce the pulse. Pulse Width Modulation (PWM)
uses created pulses as an input. The pump is rotated
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based on the TURN_ON_ 1ime measured by the PWM.
3 FIS Implementation

The fuzzy system for decision-making is used in
AM to adjust the motor's speed in accordance with the
specified perfect combination of soil parameters. Three
steps make up the FIS. The input and output
membership functions must first be created in
accordance with the specifications. The FIS's rule base
must be created next. The final level is Defuzzification.
For two inputs, temperature as well as moisture,
functions

individually, three

developed in the design phase. Table 1 provides the

membership are
temperature and moisture values for four distinct crops
that were utilized in the development of the

membership function.
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Figure 1 Wireless Sensor Network deployed for Fuzzy Water Irrigation System.
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The membership’s functions of temperature range
are 0<C to 40<C. Based on the values from Table 1,
three trapezoidal membership functions—designated
Temp_Small, Temp_Average, and Temp_Major were
the
Temp_Small,

created. The parameters utilized for three

temperature  membership  functions
Temp_Average, and Temp_Major are, respectively, [0
0 11 18], [11 18 23 31], and [23 31 51 51]. The
designed membership functions for the wheat crop's
temperature are depicted in Figure 3.

The moisture membership function has a range of
0 to 100%. The creation of three membership functions
with the names Mois_Small, Mois_Average, and
Mois_Major is required for the moisture membership

function, just as it is for the temperature membership

function. Figure 4 depicts the membership functions
that were created for the wheat crop's wetness. The
three membership functions Mois_Small,
Mois_Average, and Mois_Major of moisture have the
following parameters: [0 0 45 55], [45 55 65 79], and
[65 79 100 100], respectively, in the range of 0-100%.
As per Table 2, the water pump's TURN_ON_Time
is chosen. Five output triangle membership functions—
Small, Small-Average, Average, Average Major, and
Major—have been developed. Each of these output
membership functions' TURN_ON_ i values is. The
decision for all available possible combinations is
determined using the rule base that makes up the FIS.
Nine rules have been established for the developed

framework, and they are listed in Table 3.

Table 1 Membership function soil parameters (Moshinsky., 1959)

Crop Wheat Sugarcane Rice Cotton
Moisture (%) 49-69 70-89 64-84 39-59
Temperature (T) 16-23 14-29 23-29 16-29

Table 2 Triangular MFs for TURN_ON_ime

Output On time of Pump (ms)
Small [0,0,19]
Small-Average [0, 19,49]
Average [19,49,69]
Average_Major [49,69, 100]

Major

[69, 100, 100]
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Figure 4 Moisture MFs for wheat crop
Table 3 Fuzzy rule base

Temp Moisture TURN_ON_ e (S€C)
Small Small Small-Average
Small Average Small-Average
Small Major Average
Average Small Small-Average
Average Average Small
Average Major Average_Major
Major Small Average
Major Average Average_Major
Major Major Major

3 Results and discussion

out with various input conditions and has shown high
accuracy with good potential for expansion in the near

The created software for the FWIS has been carried
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future. For comparative investigations, the findings
from the FWIS and predicted numerical approaches are
provided.

Possible variations of temperature and moisture
values can be taken into account when evaluating the
rules stated in the rule base of the FIS. TURN_ON_time
is 40 ms away from the FIS's output whenever the
temperature is 5T and the moisture content is 20%,
which indicates that these inputs are located within the
low range. It means that as there is little moisture
present, not much water needs to be supplied. When
the temperature and moisture are in the medium range,
the FIS's result TURN_ON_tine is 00 milliseconds
from its output. It means that the field has the
appropriate degree of water and temperature when the
temperature and moisture are in the middle range;
therefore it is not necessary to provide the water. The
best condition for temperature and moisture values is
the middle range of the membership function.
Therefore, it is not necessary to provide water.

The output of the FIS can also be confirmed by
obtaining measured values of the temperature and
moisture using the pump's TURN_ON_ iy signal. The
TURN_ON_tjme of pumps varies with a slight
improvement or reduction including both soil
parameters. The database contains the ideal range of
both characteristics for four distinct crops. The FIS
operates for the crop of selection as well as provides
the water pump TURN_ON_ 1y in accordance with
that. Different configurations of inputs are tested
utilizing developed FIS, and the TURN_ON_ i Of the
pump from the FIS is 60 ms when the input
temperature is Major and the moisture level is small.

It is also examined how the FIS performs when the
temperature is Major and the moisture level falls within
the Average. It demonstrates that TURN_ON_ i, is 69
ms away from the FIS output under this circumstance.
It means that when the temperature is excessive, it
needs to lower to put it into the perfect range, whereas
when the moisture level is in the middle, it needs to
keep just at middle to meet the ideal situation. Water
should therefore be available in sufficient quantities to
satisfy the required temperature and moisture levels.

As a result, in this scenario, the TURN_ON_ iy, for
supplying the water is 69 ms.

In Table 4, the real TURN_ON_ iy as well as the
TURN_ON_time derived from the fuzzy system are
compared. Possible variations of humidity and
temperature are taken into account. The real
TURN_ON_tjme and the TURN_ON_ iy derived via
the fuzzy system are compared for varying
configurations. Every combination of temperature and
moisture results in a calculation of the error in the
output of these two situations. Using Equation 1, the
average error for the FWIS is calculated as a
percentage, as well as an inaccuracy of 4.9% is found.

Error =

TURNONTime(ACtual output) _TURNONTime(Fuzzy Output) (1)

TURNONTime(Actual output)

Each of these four crops is examined using various
temperature as well as moisture variations, as depicted
in Figure 5. The T ON of the water pumps will be
lowest, which indicates that the pumps will be
operating in the off state, is if input values fall within
the optimal range, per Tables 1 and 2. However, the T
ON of the water pumps alters in accordance with the
FIS rule basis when the input values start to rise or fall.
The web server is built for manual operation. Laptops,
smartphones, and other devices can be used to visit this
website.

In MM, the role is to manage the water supply by
utilizing the web server. The Pump-1 to the Pump-n
can be turned ON or OFF by the web server using one
of two options. The above mode was mostly created
utilizing a Raspberry Pi and the "iotservers.in" domain.
Designed Web page for the Manual control of water
supply accessed by Smartphone is shown in Figure 6.
The Raspberry Pi and the sensor nodes communicate
wirelessly using ZigBee technology. It permits
dissemination of communication within the other two
modules and is configurable.

The display serves the purpose of test wireless
communication; it shows the commands sent by the
web server, enabling wireless communication's scale
operations to be confirmed. Figure 7 depicts the
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system's actual visual. Calculating the required
quantity of water numerically and utilizing a proposed
FL controller are nearly equivalent. When using the
FIS, the results that have previously been seen

12 -

10 -

Wheat Sugarcane

demonstrate how this method uses less water for a
similar yield than the standard automatic irrigation
system.

= TURN_ON_Time (Fuzzy Output)
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Figure 5 Comparative study of the Actual TURN_ON_ i and the TURN_ON_ 1y, Obtained from the Fuzzy System
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Figure 6 Designed Web page for the Manual control of water supply accessed by Smartphone
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Figure 7 Internet of Things-enabled fuzzy water irrigation system in testing
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The one time investment of proposed module is
approximately a hectare is USD 700 considering one
cluster with a GSM and 20 modules per 1 hectare.
While the labor cost is not one time investment.

5 Conclusions

Mostly in world of farming, irrigated farming
regulation represents the most crucial issue. Worldwide
water shortages are highlighting the requirement for
systems that not only regulate agricultural irrigation
and moreover offer an intelligent technique to always
deliver water to such locations where it is needed and
in the required amount. Measuring soil moisture,
temperature, and pH can help you use water more
effectively. It can also help you get a better profit. This
work highlights the possible benefits of using FL in
intelligent irrigation systems. The outcomes give a
precise understanding of the water output for the
suggested agricultural field. Two modes are designed
for the FWIS. Three separate sensors are employed to
measure the soil properties in automatic mode. The on
time of the water pump is determined by comparing the
current and desired values of the soil characteristics.
PWM is used to adjust the speed of the water delivery.
The water system can be turned on or off using
instructions in Manual mode utilizing intended web
server. The FWIS's evaluation and execution, as well
as a few common inputs, are confirmed. For the most
effective irrigation of the field, the quantity of water
provided to the crop is chosen. Consequently, it is
possible to keep the land fertile. To prevent water
wastage, water is only provided when it is required,
and crops are given the necessary amount of water. As
a result, the FWIS system offers benefits like efficient
irrigation, lower labor costs, and water and electricity
conservation.
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