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Abstract

Abstract:

The Internet of Things (10T) is a multidisciplinary concept that includes a wide range
of application domains and device capabilities. The I0oT technology provides a
platform that allows apparatus to be monitored by sensors <connected using a
communication channel, and controlled remotely across a network infrastructure. This
project represents the loT-based remote monitoring, control, and protection of
irrigation water pumping systems. The sensors measure parameters; namely supply
voltage and motor current to estimate operating conditions and provide protection .
The measured parameters are sent to the user through the SIM800L GSM module for
remote monitoring and control purposes. Blnky android application has been
developed to provide a better user interface, timer-based operation, status of pump
and feedback notifications, etc. Protection to the pump (3-® Induction Motor) is
provided through an ESP32 microcontroller. Appropriate relay characteristics are
programmed in the microcontroller for protection against various types of faults like
thermal overload, single phasing, under/over voltage <voltage imbalance, reverse
rotation. The system is tested in the lab and it is observed that all the protections are
working satisfactorily.

Keywords: Control, monitoring of irrigation Water, Pumping System, IoT.

Résumé:

L'Internet des objets (IoT) est un concept multidisciplinaire qui inclut un large
éventail de domaines d'application et de capacités des appareils. La technologie loT
fournit une plateforme permettant aux appareils d'étre surveillés par des capteurs,
connectés via un canal de communication, et contr6lés & distance a travers une
infrastructure réseau. Ce projet représente la surveillance, le contrdle et la protection a
distance des systemes de pompage d'eau d'irrigation bases sur I'loT. Les capteurs
mesurent des parameétres, a savoir la tension d'alimentation et le courant du moteur,
pour estimer les conditions de fonctionnement et fournir une protection.Les
parameétres mesures sont envoyés a l'utilisateur via le module GSM SIMB800L a des
fins de surveillance et de contrdle a distance. Une application Android, Blynk, a été
développée pour offrir une meilleure interface utilisateur, un fonctionnement basé sur
un minuteur, I'état de la pompe et des notifications de retour d'information, etc. La
protection de la pompe (moteur a induction 3-®) est assurée par un microcontréleur
ESP32. Des caractéristiques de relais appropriées sont programmées dans le

microcontr6leur pour protéger contre divers types de défauts tels que la surcharge
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Abstract

thermique, le fonctionnement en une seule phase, les sous/surtensions, le déséquilibre
de tension et la rotation inverse. Le systeme a été testé en laboratoire et il a été

observé que toutes les protections fonctionnent de maniére satisfaisante.
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General Introduction

General Introduction
Motivation

Efficient irrigation is crucial for sustainable agriculture, as it directly impacts
crop yield and water resource management. The reliability of irrigation systems,
particularly water pumps, is essential to ensure consistent and adequate water supply.
Faults in water pumps can cause significant disruptions, leading to water wastage and
increased maintenance costs. The integration of intelligent monitoring systems using
modern technologies such as [oT, ESP32, and GSM modules like SIM800OL provides a
promising solution to enhance the efficiency and reliability of irrigation systems. This
approach can lead to proactive maintenance and optimal water usage, thus supporting

sustainable agricultural practices.
Problems Addressed

v Comprehensive Understanding of Irrigation Systems: The need to understand
the different types of irrigation systems, their components, and how they
function.

v" Identification and Management of Pump Faults: Addressing the common
faults in water pumps and their impact on irrigation system performance.

v' Implementation of Intelligent Monitoring Systems: Developing and
implementing a cost-effective, reliable monitoring system using loT, ESP32,

and SIM80OL GSM modules to detect and manage faults in real-time.
Chapter Structure
Chapter 1: Overview of Irrigation Systems

This chapter provides a comprehensive overview of irrigation systems, starting with
their definition. It explores various types of irrigation systems, including surface
irrigation, sprinkler irrigation, drip irrigation, and subsurface irrigation. The chapter
also delves into the key components of these systems, particularly focusing on pump

water systems and electrical control components essential for efficient operation.
Chapter 2: The Faults in Water Pumps and Intelligent Monitoring

This chapter examines the common faults in water pumps and their impact on

irrigation system efficiency. It explores mechanical, electrical, and hydraulic faults,



General Introduction

discussing their causes, consequences, and how they can disrupt irrigation processes.
The chapter introduces the concept of intelligent monitoring systems, which utilize
advanced sensors and data acquisition technologies to continuously monitor pump

performance and detect faults early.

Chapter 3: Implementation of Intelligent Monitoring System in Water Pumps Using
ESP32

This chapter provides a practical guide to implementing an intelligent monitoring
system for water pumps using the ESP32 microcontroller and the SIM8S800L GSM
module. It covers the technical aspects of system setup, sensor integration, data
acquisition, and real-time monitoring, leveraging the capabilities of IoT to enhance

pump reliability and efficiency.

By providing a thorough understanding of irrigation systems, identifying
potential faults in water pumps, and offering a practical approach to implementing an
intelligent monitoring system, this work aims to enhance the efficiency and reliability
of agricultural water management. This comprehensive approach supports sustainable

agricultural practices and optimal resource utilization.
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Chapter I: Overview on irrigation systems

1.1 Introduction

Irrigation is a critical practice in agriculture, enabling the provision of water to crops
in a controlled manner to ensure their optimal growth and yield. This chapter provides a
comprehensive overview of irrigation systems, focusing on their definition, types, key
components—particularly pump water systems and electrical components for controlling
and monitoring—and the impact of motor faults on these systems. By understanding these
elements, we can better appreciate the complexities and importance of efficient irrigation
in modern agriculture.
1.2 Definition of irrigation

Irrigation is the process of artificially supplying water to cultivated plants to increase
production and allow their natural development, in cases of water shortages caused by lack
of rain, excessive drainage, or a decrease in groundwater, particularly in arid areas.
However, irrigation improves agricultural land yields but involves the use of large
quantities of water. The area of irrigated land has significantly increased to meet the
growing population and food needs. With 70% of global water consumption, agriculture is
undoubtedly the most water-consuming sector [1,2]. Among the types of irrigation
techniques, we can notably mention: surface irrigation, sprinkler irrigation, and drip
irrigation[3].
1.3 Interest of irrigation

Irrigation is an effective management tool against the hazards of rainfall and it is
crucial for the world's food resources. The use of irrigation has many advantages. It allows
to increase the area of cultivated areas, especially in arid areas, It makes it possible to
choose high-yielding varieties by applying the necessary fertilizers and thus makes these
economically interesting cultures. It has the effect of promoting the increase of yields, and
in a general way to intensify and stabilize production by freeing ourselves from the
climatic variations.
1.4 Agricultural irrigation techniques

Agricultural irrigation techniques are methods of bringing water to crops to increase
their production, and allow their normal development in the event of a water deficit
induced bya rainfall deficit and are classified in surface irrigation, sprinkler irrigation and
micro irrigation. Decide whether to select an irrigation technique or switch to a more
efficient is complicated. From a water conservation point of view, the choice is simple,the

water savings increase when switching from surface irrigation to sprinkling and
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sprinklingwith micro irrigation. However, the success of an irrigation technique will be
very depending on the site, situational factors as well as the level of management used. The
technique of existing irrigation must be evaluated very precisely before switching to
another technique.[4]Depending on the way in which the water is brought to the field and
how it is distributed, three main modes watering are usually practiced.
1.4.1 Surface irrigation systems (gravity) :
Surface irrigation systems are classified in ascending order of their efficiency in :
1.4.1.1 Irrigation by planks :

Plank irrigation consists of running a thin layer of water on a soil inclined by 0.2to
3%. The flow rate to be poured depends on the slope, the width and the length of the board.
This method is by far the most difficult because it is necessary to adjust the irrigation flow
of each board with all the other variables. One of the practical formulas is that of Puncture
which consists of determine the length of the board which depends on the infiltration of the
soil, which would correspond to the runoff time. In other words, the aiguade opens the
valve and waits for the water to arrive at the bottom of the board, and at that moment he

closes the inlet valve[5].

Fig I.1: Irrigation by planks

1.4.1.2 Stingray irrigation

The irrigation with the line or by channel is perfectly suitable for the soil having a
slope between0.2 and 3%. The furrows are separated by a variant distance between 0.6 and
1.25 m, depending on the type of soil and culture. Depending on the flow available, one or
more furrows can be irrigated at a time. Stingrays can be parallel or perpendicular to the
permanent water supply channel. Generally speaking, irrigation is carried out according to
a single flow rate or according to a succession of two different flow rates, a first large flow
rate which is called the attack flow rate and a second lower flow rate which is called
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maintenance flow. Stingray irrigation lends itself better to mechanization by siphon, by

vannette ramp, by flexible sheath or by Trans irrigation [5].

Fig 1.2: Irrigation by the stingray

1.4.1.3 Irrigation by basins

Basin irrigation is best known in gravity irrigation. Her practice on a leveled floor
(slope 0.1 to 1%) as well as the simplicity of the operation, which consists in filling the
basin, mean that this technique is frequently used, the size of the basins is from 40 to 50
m2 and this technique is known under the name "Robat". The latter causes a significant

loss of area, due to the large number of partitions [5].

Fig 1.3: Irrigation by basins

1.4.2 Sprinkler irrigation
Spray irrigation is recommended in the following cases :
e Shallow soils, which cannot be properly leveled for an irrigation of surface, while
maintaining a sufficient depth.
e Too permeable soils, which do not allow an even distribution of water in the

framework of an irrigation with surface runoff.
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e Irregularly sloping terrain with uneven microreblief, not allowing the establishment
of a gravity service with a free surface.

On the other hand, it should be avoided in very regularly windy regions (winds above
4 or 5 m /s considerably degrade the homogeneity of the watering) and also when the
irrigation is made with salt water on plants with foliage sensitive to salt.

A pressurized irrigation installation is usually composed of equipment providing the
pressure necessary for its operation, measuring and control devices of flow, and a main
pipe bringing the water to the secondary and tertiary pipes.

Other elements can be used, in particular a filter or a battery of filters and adevice for
adding fertilizing elements.

The consideration of the following factors is necessary for the conduct of a project of
sizing of any pressurized irrigation system :

e Determine the size and shape of the surface to be irrigated, its topography and the
type of soil.

e B. The available or potential sources of water and their characteristics.

e C. The climatic conditions in the region, the accessibility to the plot and the

cultivation at irrigate. [5]

Figure 1.4: Sprinkler irrigation

1.4.3 Micro irrigation (drip) :

In drip irrigation, the water is delivered to the plant at a low dose thus resulting in the
moistening of a fraction of the soil. This makes it possible to limit the losses by
evaporation and percolation. It also reduces the development of weeds It puts also
implement fixed and light equipment. In most cases, it requires a automation through

controllers associated with volumetric and/or hydraulic valves and solenoid valves[5].
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Fig 1.5: Micro irrigation (drip)

1.4.4 Pivot irrigation:

Axial irrigation was invented in the United States in the late forties, began in France
in the sixties [6-7]. The concept of this type of irrigation is based on the idea of natural
irrigation by rain [8]. Where it represents the waterfall of the sprinklers in the form of
rainfall on the soil at a rate that creates sufficient moisture content in the root zone with the
least amount of deep infiltration. In general, the sprinkler irrigation mechanism is done by
pumping water along a network of pipes to fixed or rotating sprinklers that are attached to
the exit points. The pressure forces the water to penetrate into the nozzle head and is

distributed as of droplets falling on the ground [9, 10].

Fig 1.6 Presentation of the irrigated areas by central irrigation pivot.

The central pivot system consists of a long pipeline connected to a fixed or pivot
point and the pipeline moves around the pivot point in a circle, the pipeline being
transported on a wheeled tower. The power source for moving the wheels is electric or
hydraulic. This means that the pivot point represents the center of the circle, while the

pipeline represents a radius of the circle during the movement [11].
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The main advantages of center pivot irrigation machines [7]:

v The distribution of water is simplified thanks to the use of a fixed focal point.

\

The direction and alignment are controlled relative to a fixed focal point.
v The relatively high uniformity in the application of water can be easily achieved by
moving the nozzles continuously.
v" Once the irrigation is complete, the system is at the starting point for the next
irrigation.
v" Ensure proper irrigation management because it is easy to apply precise and timely
water timely
1.5 Comparison of irrigation methods
The transition from surface irrigation to sprinkling is one of the most widespread
conversions to save water.
The reasons for this conversion lie in the fact that surface irrigation techniques are
inherently less efficient and require more work than sprinkler irrigation. However, before
making this conversion, various factors must be taken into account: the effects on yields,
water, labor, energy savings, the economic aspect, the climatic conditions and the
characteristics of the field. To choose an irrigation method, the farmer must know the
advantages and the disadvantages of different methods. Unfortunately in many cases, there
IS no a good solution because all methods have their advantages and disadvantages [5].
1.6 Components of Irrigation Systems
An efficient irrigation system comprises several key components, each playing a
crucial role in water delivery and management. This section focuses on the pump water
systems and electrical components essential for controlling and monitoring irrigation.
1.6.1 The pump
Pump is a machine that is used to move liquid water or oil through the piping system
and to increase the pressure of the liquid. A further definition of a pump is a machine
that uses energy transformations to increase the pressure of a liquid. The energy input
into the pump is usually the energy source used to power the drive. Most commonly,
electric motors are most often used as propulsion by using electric power[12].

Its function is to lift groundwater to the surface and provide sufficient water pressure

for irrigating the entire desired area. There are two types:

10
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v Submersible pumps
They have strong water leakage protection and are submerged in groundwater at

depths of 30 to 60 meters with a power of 5.5 or 7 horsepower.

Figl.7:Submersible pumps

v Surface pumps
They consist of an electric motor connected to a centrifugal pump placed on the
surface or in a well at depths less than 15 meters. Mostly, pumps with a power of 5.5 or 7

horsepower are used.

Fig 1.8:Submersible pumps

1.6.2 Induction Motors

Induction Motors is the beating heart of this system because Almost 70% of the
machines used in industries now a days are 3 phase induction motors. As the ac power is
used in generation, transmission and distribution induction motors occupied significant
place in industrial drive applications and out rule the dc motors which were earlier used for
industrial applications. Induction motors are of two types based on the construction:
Squirrel cage induction motor and slip ring induction motors. Squirrel cage induction

motors are widely used in motor and drive applications.

11
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An induction motor comprises a magnetic circuit interlinking two electric circuits
which are placed on the two main parts of the machine: (i) the stationary part called
the stator and (ii) the rotating part called the rotor. Power is transferred from one[13].

%+ Benefits Induction Motors

Induction motors are simple and rugged in construction. Advantage of induction
motors are that they are robust and can operate in any environmental condition.

Induction motors are cheaper in cost due to the absence of brushes, commentators,
and slip rings.

¢ Induction Motors 5 HP:Full load current this motor 7.3A
e Induction Motors 7.5 HP:Full load current this motor11.7A

e Induction Motors10 HP: Full load current this motor13.4A

For the motor to work with the pump, it requires the electrical control cabinet
1.6.3 Electrical Components for Controlling and Monitoring

Modern irrigation systems utilize advanced electrical components to enhance
efficiency and precision in water application.

% Thermal magnetic circuit breaker(MCB)

An MCB is a type of electrical switch designed to automatically turn off the
electrical circuit during abnormal conditions such as overload and short circuits within
domestic or commercial installations. It provides protection for smaller loads and is

typically used in low current circuits[14].

s
[P
»

—
\ et

=

Fig 1.9:thermal magnetic circuit breaker(MCB)
+ Contactor
A contactor is an electromagnetic switch used to control high-power circuits. It is
used to connect or disconnect the circuit. The electrically controlled contactor uses a power
supply level that is much lower than that of the switching circuit. It is usually used to

control equipment such as motors, and is used with large power supplies. Unlike some

12
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ordinary push button switches, contactors use electronic means to switch power circuits,

which is more convenient and safer[16].
Tablel.1: Types of Contactors

Types of Contactors Photosof the Components

312 5L3 2™

Electromagnetic Contactors

Thermal Contactors

i »
299 >
) ) [}
. jo {0 o) 1.
Solid-State Contactors T 55
C A &
6 Y, D, 2B

+ Phase-sequence relay
A phase sequence relay is a protective relay. It guards a 3-phase device against any
potential damage due to sequence change. They are deployed anywhere with a phase-
sequence change that can damage the device or circuit. They work like a conventional
electric relay. Once a phase fails or if a sequence changes, the phase sequence relay cuts
off the working. The high-end models pack more complex circuitry that can control the
connected device as required. Also, it can even change the sequence of the relay

automatically if any phase sequence shift is introduced[17].
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Figure 1.10:phase-sequence relay
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The phase-sequence relay operates based on the order of the incoming voltage phases
(A, B, and C) in a three-phase system. It detects the correct phase rotation (A-B-C or R-S-
T) and ensures that the connected equipment operates within the designated phase
sequence. If the phase sequence is incorrect or reversed, the relay identifies the anomaly
and sends a signal to disconnect the supply or trigger an alarm, preventing potential
damage to the connected equipment[18].

Phase-sequence relays use different technologies to determine the phase order,
such as electromagnetic, static, or microprocessor-based relays. Electromagnetic relays
employ a rotating magnetic field, while static relays use electronic components like diodes,
transistors, and operational amplifiers. Microprocessor-based relays are the most advanced,
utilizing digital signal processing techniques for accurate and reliable phase sequence

detection[18].
Table 1.2:Types of Phase-Sequence Relays

Types of Phase-
Sequence Relays Photos of the Components

Electromechanical
Relays

Static Relays

Microprocessor-
based Relays

% Overload Protection relay
The main purpose of relays is for overload protection of electric motors Phase-off
protection and asymmetric protection. An electric motor converts electrical energy into A

device of mechanical energy, used as the power to drag various production machinery, is
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The importance of industry, agriculture, national defense construction and the normal

progress of people's lives Guarantee [15].
Table 1.3:Overload Relay Types

Overload Relay Types Photos of the Components

Thermal Overload Relay

Magnetic Overload Relay

Bimetallic Thermal

Overload Relay

electronic overload relays

Eutectic Overload Relay

Fridge Overload Relay
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% Sensors
Sensors are the foundation of intelligent monitoring systems, collecting data on
various parameters such as current ,voltage ,temperature, vibration, pressure, and flow rate.
Common types of sensors used include:
« Current and voltage Sensors: Monitor electrical parameters to detect
issues such as overloads or voltage imbalances.
e Temperature Sensors: Monitor the temperature of the motor and
bearings to detect overheating.
o Vibration Sensors: Measure vibrations to identify mechanical issues
such as imbalance or misalignment.
e Pressure Sensors: Track water pressure to detect anomalies that may
indicate cavitation or leaks.
o Flow Sensors: Measure the flow rate to ensure the pump operates within
its specified range[19,20].

< Data Acquisition Systems
Data acquisition systems collect and transmit data from sensors to a central
monitoring unit. These systems ensure that data is accurately recorded and available for

analysis[21].

<+ Control Units
Control units process the data received from sensors, applying algorithms to detect
patterns and identify potential faults. They can trigger alarms or shut down the pump

automatically to prevent damage[19,20].

« Communication Networks
Communication networks enable the transmission of data between sensors, control
units, and monitoring platforms. Wireless networks and the Internet of Things (10T) have

enhanced the connectivity and accessibility of monitoring systems[19,21].

These components work together to create an integrated and intelligent monitoring
system for water pumps, enabling real-time data collection, analysis, and response to

ensure optimal performance and longevity of the equipment.
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1.7 Conclusion

This chapter provides an overview of irrigation systems, highlighting their definition,
types, and key components—especially pump water systems and electrical components for
controlling and monitoring. Understanding these aspects is essential for designing and
maintaining efficient irrigation systems that support sustainable agriculture and water
management. In the next chapter, we will delve deeper into the effects of pump water

faults on irrigation systems and intelligent monitoring techniques.
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11.1 Introduction

Water pumps are integral to the operation of irrigation systems, playing a critical role
in transporting water from the source to the fields. However, the efficiency and reliability
of these pumps can be compromised by various faults, which can disrupt irrigation
schedules, reduce crop yields, and increase operational costs. This chapter explores the
common faults that occur in water pumps and the importance of addressing these issues
promptly. Additionally, it delves into the advancements in intelligent monitoring systems
that help detect, diagnose, and prevent pump faults, ensuring the smooth operation of
irrigation systems.
1.2 Common Faults in Water Pumps

Water pumps can experience a range of faults, each with potential implications for
the efficiency and effectiveness of irrigation systems. Understanding these faults is the first
step in mitigating their impact.
11.2.1 The faults of induction motor

The Induction motor is the heart of any pump, the protection of the induction motor
against various types of faults is a highly important issue especially in case of poor quality
of power supply. In this chapter we're going to mention a few types of fault in induction
motor

11.2.1.1 Thermal overload
The thermal behavior of the stator and the rotor during startups and during constant

overload situations differs significantly from each other. Due to this fact, the dynamics of
the motor heating and cooling is typically modeled separately for the stator and for the
rotor. Implementing the thermal overload protection in this way, it can be set to follow the
thermal state of the motor optimally, and good and accurate protection against both short
and long-time overload conditions can be accomplished, which allows the full use of the
available capacity.

These curves have been simulated using the two-time-constant model for the stator and
for the rotor. In this case, the pre-warning level is exceeded and the operator is notified. As
a result, the tripping is prevented as the loading of the motor becomes suitably reduced. It
can also be concluded from Figure 2.1 that a comprehensive overload protection in fact
requires the use of the two-time-constant model for the rotor and for the stator, and in this
way, the full utilization of the available capacity of the motor is ensured. However,
adequate protection can also be implemented using the single-time-constant model, which
is set to allow the normal use of the motor drive with a suitable margin [1].
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Fig I1.1: Temperatures of the rotor and the stator according to the two-time-constant model when the motor
is running in constant cyclic overload. Pre-warning level is set to 90%.

11.2.1.2 Single Phasing

In an extreme case of uneven running, single phasing may be considered. It is not a
serious issue; however, it should be considered if one phase of a three-phase source fails
during a failure situation or if a 3PIM is intentionally connected to a single-phase source.
This is known as "single phasing.” When a three-phase motor works in the single-phase
condition, it might strive to generate the maximum horsepower necessary to meet the
demand. The motor will continue to try to run the load until it is damaged or the protecting
components relocate the motor out of the line. Single phasing increases phase currents
causing overheating, which destroys the motor [2]. A downline on the distribution grid or a
burst pole upper fuse might cause a phase loss on a three-phase line. A single-phase
overload scenario that permits one fuse to rupture or device breakdown inside the end

customer's plant might cause a single-phase loss.
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Fig 11.2: Single phasing effect

In single phasing protection for 3 phase induction motor system, if any one of the phases

is faulted then automatically trips both the contactors. Generally in single phase supply
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voltage is lower value than specified value. On this value of voltage motor is unable to
start. Comparator which compares single phasing supply voltage and rated specified
voltage, and single sends to microcontroller and microcontroller generates single and
contactor will be trip through relay drive which stop the motor if motor is running and does
not allow to motor start in case of standstill.
11.2.1.3 Phase Asymmetry

The most commonly used electrical machines in industry today are the squirrel cage
induction machines. This is mainly due to their reliability, robustness, and that they are
inexpensive to manufacture. Squirrel cage machines with high power ratings are
prefabricated and are manufactured with copper rotor bars and end-rings, while machines
of lower power ratings are manufactured by using die-casting techniques. Manufacturing
die-cast rotors can raise several problems, due to the fact that rotors must be free from
asymmetries. An asymmetry in the rotor cage will cause asymmetrical distribution of the
rotor currents, and due to this, mechanical and thermal stresses on the cage carl damage a
rotor bar. Damage of one rotor bar can lead to the damage of surrounding bars, thus the
damage can spread, leading to multiple bar fractures. In the case of a crack, the bar will
overheat and cause the bar to break. The surrounding bars will carry higher currents and
will also be subjected to larger thermal and mechanical stresses, thus being made more
susceptible to cracking. Most of the current which would have flown in the broken bar will
flow in the two bars adjacent to it. The large thermal stresses may also damage the rotor
laminations. The temperature distribution across the rotor lamination is also changed due
to rotor asymmetry [3]. Cracks in bars can be present at various locations, along the slot

and at the end-ring-to-bar joints.

Fig 11.3: Phasor graph in a) reflects perfect symmetry in 3 phase power system. All vectors corresponding to
3 phases have the same magnitude and there is 120° between two adjacent vectors. Phasor graph in b) reflects
asymmetry in power system. The vectors have different length and the angular shifts are different than
120° between adjacent phases.
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This is when the load on all three phases is not balanced correctly. If supply is more than
5% out of balance then this can cause damage to AC motors and pumps through thermal
stress. Only Phase Failure Relays with Phase Asymmetry monitoring can detect this fault
condition.
11.2.1.4 Overvoltage

An overvoltage is a situation which occurs when the system voltage rises over 110% of
the nominal voltage ratings Overvoltage is caused due to several reasons such as sudden
reduction in loads, switching of transient loads, lightning strikes, failure of control
equipment such as voltage regulators, neutral displacement. This situation of overvoltage
causes damage to components connected to the supply which may further lead to heating,

over flash, insulation failure and may destroy electronic components.[4]

A Overvoltage

Time

Overvoltage is an event where the rms voltage rises above
110% of the nominal rms voltage and stays at that level for
more than one minute.

Overvoltage it also has comparator which compare two voltage one form supply and
another from the voltage drop across the variable resistance.
11.2.1.5 Undervoltage

Normally undervoltage occurs when the voltage supplying the drive is too low. The
obvious cause that can be incurred is that the incoming supply is low or not the specified
one. For example, a 460V drive powered by 220V will cause the situation called under

voltage [4].
\ | V\ AT—
\%

V V V

Undervoltage occurs when the rms voltage drops below
90% of the nominal rms voltage and stays at that level for
more than one minute.

Time

24



Chapterll :The faults in the water pump and the intelligent monitoring system

In under voltage protection of 3 phase induction motor protects the motor from the
under voltage. When supply system has low voltage than the rated of induction motor then
under voltage protection section of protection supply is provided to motor.

11.2.1.6 Voltage Unbalance
The operation of induction motor under voltage unbalance conditions produce two

rotating fields in the motor air gap, one in the forward direction of the motor rotation
(positive sequence) and another in the opposite direction (negative sequence), giving as
result an elliptical field [5]. Consequently for a given load and percentage of voltage
unbalance, the phase currents and temperature rise much greater than when operating

under the same load conditions and balanced voltages, affecting the motor performance.

Fig 11.4: it shows voltage unbalance condition

The effects of voltage unbalance on the motor such as, unbalanced currents,
temperature rise, increased losses, output power and torque reduction, pulsation torques
and speed reduction, has been studied by several authors, [6]-[7]. These studies are
generally focused on the effects caused by the negative sequence component of voltage.
Other authors have considered both the positive and negative sequence voltage [8]-[9],
[10]-[11].

Pc.ﬂ Pcu!

Pout

Fig 11.5: Induction motor power flow operating under unbalanced conditions considering the positive and
negative sequence power
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Table I1.1 depicts the general faults that occur in an induction motor along with their

impacts and general causes.

Table I1.1: Faults, their impacts, and causes

Fault

Impact

General causes

Thermal overload

Damage to stator and rotor
windings. Life of insulation
decreases [12-13].

Under voltage, voltage
imbalance, overloading,
etc

Single phasing

The current in remaining phases
increases significantly thus Single
leading to excessive heating and
thermal overload. Slip increases,
power factor becomes poor,
maximum loading capacity
decreases [14-15], [16].

The fuse of one phase

melts.

3 phase and blocked

rotor

Stator and rotor windings may be
damaged permanently [13], [17].

Mechanical bearings
failure.

Over voltage

It may result in excessive high flux
that can create saturation and
thermal damage of the steel core
[18], [12].

Low loading on the
distribution system.

Under voltage

Motor draws higher current which
leads to overloading. Slip increases,
ohmic losses increase, efficiency
goes down, and life of motor
reduces [18-19].

High loading on the
distribution system.

Voltage Unbalance

Large negative sequence
components are introduced.
Excessive overheating of the motor,
derating of motor [10], [20].

Open delta connection,
unbalanced loading, and
impedances

11.2.2 The faults of water pumps

Water pumps play a vital role in various applications, from residential water supply to

industrial processes. However, like any mechanical system, they are susceptible to problems

and malfunctions. In this chapter, we will explore some of the most common water pump

problems and provide effective solutions to keep your water pumping smoothly.

11.2.2.1 Low Water Pressure

Low water pressure can be frustrating and may indicate underlying issues with your water

pump system. Common causes include:
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e Clogged or Damaged Impeller: Over time, impellers can become clogged with
debris or wear out, reducing water flow.
Solution: Clean or replace the impeller to restore proper water flow.

e Airlock in the System: Air bubbles trapped in the pump or pipes can disrupt water
flow and reduce pressure.
Solution: Bleed air from the system by opening a valve at the highest point.

e Leaks in the Suction Line: Leaks in the suction line can allow air to enter the
system, affecting water pressure.

Solution: Inspect and fix any suction line leaks to maintain optimal pressure.

11.2.2.2 Noisy Operation
Unusual noises from your water pump can be a sign of trouble. Common causes include:

e Air in the Pump: Air trapped in the pump can cause vibrations and noise.
Solution: Bleed air from the pump to eliminate noise.

e Loose or Damaged Components: Loose or damaged parts can rattle or vibrate,
creating noise.
Solution: Tighten or replace loose components for a quieter operation.

e Cavitation: Cavitation occurs when the pump operates at low pressure, causing
bubbles to form and collapse, generating noise.

Solution: Address cavitation issues by adjusting the pump’s speed or impeller size.

11.2.2.3 Maintenance Tips to Prevent Water Pump Problems
To prevent common water pump problems and ensure the longevity of your system,
follow these maintenance tips:
e Regular Inspections: Periodically inspect your water pump for signs of wear,
damage, or leaks.
e Lubrication and Cooling: Properly lubricate moving parts and maintain
adequate cooling to prevent overheating.
e Monitoring Pressure and Temperature: Install pressure and temperature gauges
to monitor the pump’s performance.
o Keeping the Pump Clean: Maintain a clean environment around the pump to

prevent debris from entering.
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e Properly Sizing the Pump: Ensure your pump is appropriately sized for the

application to avoid overloading.
Water pump problems can be a hassle, but with proper maintenance and timely

troubleshooting, you can keep your water pump running smoothly. By addressing issues
such as low water pressure, noisy operation, pump failures, leaks, and reduced flow rates,
you can extend the life of your water pump and ensure reliable water supply for your needs.
Remember that regular maintenance is the key to avoiding common water pump problems

and enjoying uninterrupted water flow [21].

Fig 11.6: Water pumping system in agricultural field

11.3 Intelligent Monitoring Systems

Advancements in technology have led to the development of intelligent monitoring
systems that can detect, diagnose, and prevent faults in water pumps. These systems
enhance the reliability and efficiency of irrigation systems by providing real-time data and
predictive analytics.
11.3.1 Supervisory Control and Data Acquisition (SCADA) system

Supervisory Control and Data Acquisition (SCADA) systems are one of the control
systems type under the general term of Industrial Control System (ICS). Other notable
members of the set are Distributed Control systems (DCS) and Programmable Logic
Controllers (PLC). They are used in critical infrastructure and industrial sectors [22]. Local
control of industrial processes is the main function of the DCS while the PLCs are
designed to comfortably acquire sensors, actuators and set points information from the
field. It serves both the SCADA Systems and the DCS.
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SCADA Systems is, however, different from the DCS which is localized to the
industrial sites as its control and monitoring functions covers wide geographical areas as it
supervises devices located thousands of kilometers apart from one another and from the
control center. The critical infrastructure where they are applied include electrical power
net- works, natural gas and oil pipelines, roads and rail transportation systems. SCADA’s
primary functions are data acquisition, data processing for use by the operator, and control
of remote devices by operator [23].

In SCADA System, data acquisitions, transmission systems and Human Machine
Interface (HMI) software are integrated to function as a centralized control and monitoring
system for processing several inputs and outputs. The collected information from the field
is transferred to the computer based control center, where with the aid of HMI it is either

displayed textually or graphically.
11.3.2 Monitoring Conditions of the On- Premises SCADA System

An on-premises system refers to the facilities that the customer owns and controls, as
opposed to the third-party cloud-computing system where computing resources are made available
for consumption on an as needed basis. The on-premises system is equipped with a LAN for
control. This system connects Programmable Logic Controllers (PLCs) widely distributed in
waterworks facilities. It also connects with SCADA systems, and Visual Display Terminals
(VDTs). The basic configuration is this connected state. This system is scalable from the basic
configuration to flexibly reconfiguring the system to meet the various operating conditions for the
customer when introducing the system. For example, a wireless telemetering unit TELEMOT can
be connected to the LAN for control. In addition to local facilities, the system can monitor and
control the facilities at a distant location. To enable the monitoring data access from outside the
premises of the facilities, we put a web server in the premises to set up a Virtual Private Network
(VPN) and this allows the access by a dedicated Visual Display Terminal (VDT). In doing so, you
could see the monitoring data.

This system is made based on the policy that values stable remote monitoring, control
performance, and quick response of the system. This system uses the dedicated communication
network or private network for monitoring and control. Since this system is separated from a public
network, it is possible to maintain security. While it excels in terms of safety, there are access

restrictions such as monitoring locations and accessible display devices [24].
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Fig 11.7: Basic Configuration of the Cloud-Based Monitoring System

11.3.3 10T technology
Intelligent monitoring is defined as a method which is used to monitor, control,

manage and optimize the network by using different computational methods that will
provide customers with relevant tools and information [25]. The internet of things (lIoT)
forms an important part of intelligent monitoring which connects people and devices using
wireless sensor technology. It is a fast growing research area in the military, energy
management, healthcare and many more. The concept of I0T was proposed by Kevin
Ashton to demonstrate a set of interconnected devices [25]. IoT makes it possible to
transfer information between different electronic devices embedded with new technology.
The energy management is possible using energy harvesting mechanisms, which is a
method of collecting energy from natural sources such as light, vibration, pressure etc. The
combination of technologies such as Wireless sensor network (WSN), Radio frequency
identification (RFID), Energy harvesting(EH) and Artificial Intelligence (Al) helps IoT to

flourish widely.
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Fig 11.8: Internet of things
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11.3.3.1 Network Layer

The network layer of loT in WDS combines processing, managing and
transmission of the data passed from the perception layer. This layer also helps in
managing the network devices and communication technologies for transmission. The
communication technology is classified into two based on the range of transmission. The
cellular technology is used when long-distance transmission is required by using 2G, 3G,
4G [26]. The GSM, GPRS are some of the protocols used for long distance transmission. It
requires more power consumption which makes them not much feasible for WDN. The
short range protocols include Zigbee, 6lowpan, Radio frequency identification (RFID). The
RFID uses an electronically programmed tag that is used to used to collect data [27]. The
need of a programmed static tag makes it unreliable to use for measurement. The 6lowpan
is an IP based protocol which can be easily connected to another IP network without any
gateways. Another advantage is its low cost and power consumption. It supports both star
and mesh topology. LoRa (Low Power Wide Area Network) is another protocol which
gained public interest due to its low power consumption, cost and high data rate when
applied in 10T and it uses the star topology. Zigbee is a widely used low power wireless
protocol that provides low cost, security during communication. It also supports star, mesh
and tree topology [28]. The advantages of 6lowpan, LoRa and Zigbee make the best
choices to be used in WDS. Another technology that could be integrated with WDS is
Artificial intelligence(Al). It is defined as a system that helps in problem-solving, decision-
making, data identification, processing. Adaptive Neuro fuzzy inference system is one
among the new Al method to predict the wastewater quality from industries [29] whereas
an adaptive network based fuzzy system is used in [30] to detect the water quality from a
paper mill. Artificial neural networks (ANN) and Al algorithms are also used in the water
industry to monitor and predict the water quality which provides accurate results [31].
11.3.3.2 Application Layer

The application layer manages the applications that will be used in WDS. This layer
also provides user’s security and privacy. Cloud computing is one of the upcoming
technology that could be used in the application layer of the WDS. Cloud computing is a
solution for the storage, processing and management of heterogeneous data from different
wireless devices and the cost of the service is based on the usage [32]. It can be considered
as a separate layer between network and application layer. It helps 10T in storing backup

data’s, analysis and prediction of the received data based on each application.
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11.3.4 Benefits of Intelligent Monitoring

Early Fault Detection: Intelligent monitoring systems can detect early signs of
faults, allowing for timely maintenance and repairs. This proactive approach
minimizes downtime and prevents minor issues from escalating into major failures.
Enhanced Efficiency: By continuously monitoring pump performance, these
systems ensure that the pump operates at optimal efficiency. Adjustments can be
made in real-time to address any deviations from standard performance.

Cost Savings:Early detection and resolution of faults reduce the need for expensive
emergency repairs and extend the lifespan of pump components. This leads to
significant cost savings in maintenance and operational expenses.

Data-Driven Decision Making:Intelligent monitoring systems provide valuable
data that can be used to make informed decisions about pump operation,
maintenance schedules, and system upgrades. This data-driven approach enhances

overall system management.

11.4 Conclusion

Water pump faults can significantly impact the performance of irrigation systems,

leading to reduced crop yields and increased operational costs. Understanding the common

faults and implementing intelligent monitoring systems are crucial steps in ensuring the

reliability and efficiency of these systems. Intelligent monitoring not only detects and

diagnoses faults but also provides predictive analytics that help in proactive maintenance

and efficient system management. In the next chapter, we will implement of an intelligence

monitoring system a Water Pump using ESP32.
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I11.1 Introduction
The motivation for this project stems from the challenges faced by farmers in managing irrigation

systems. Often, crop fields are located far from the farmer's residence, necessitating long and
frequent journeys to these remote locations. Irrigation is a crucial component of agriculture,
requiring daily attention to ensure crops receive adequate water. Consequently, regardless of the
distance, farmers must travel to their fields every day to operate irrigation systems and supply water
to their crops.

Daily travel to crop fields wastes time and money, is physically demanding, and is inefficient.
To address these issues, in this chapter we propose an intelligent monitoring system for water pumps
using the ESP32 microcontroller with SIM80OOL GSM/GPRS module. This loT-based solution
allows farmers to control and monitor irrigation systems remotely via their smartphones, eliminating
the need for daily travel. This system saves time, reduces costs, and improves agricultural efficiency
and effectiveness.
I11.2 The monitoring system proposed of water pump

The basic architecture of the proposed system is shown in Figure I11.1. This proposed system
is divided into three major sections;
* Android application.
* GSM module .
* Protection of water pump i.e. 3-® induction motor.
The pump (3-@ induction motor) is connected to the supply through a contactor to turn on or

turn off. The trip coil of the contactor is controlled by relays and these relays are controlled by a
signal given by the microcontroller. To protect the motor, current, and voltage sensors are used to
monitor the operating conditions. The protection algorithm is programmed in the microcontroller
(ESP32 board). The Android app enables the user to communicate with the pump at a remote
location. Basic Start and Stop operation of pump along with options and machine rating are given in
the App. According to the options selected by the user, a string will be generated and the same will
be sent to the motor end by SMS. The SMS sent by App will be received by the GSM module at the
motor end. The message will be extracted by the microcontroller and further actions will be
initiated. If the pump is turned on successfully then the microcontroller will feedback this status to
the app by generating SMS, which will be sent by GSM modem. The timer options selected by the
user are implemented by the microcontroller and it will turn on and turn off the pump according to

the timer settings. The currents and voltages are sensed by the sensors and the microcontroller reads
37



Chapterlll: Implementation of an intelligent monitoring system in a water pump using ESP32

their values. If the power supply is available then the microcontroller will send SMS through the
GSM modem to inform the user. Protection against various types of faults is provided by a
protection algorithm in the microcontroller. In case of any fault in the induction motor or problems
in the power supply, the microcontroller will trip the pump and communicate the message back to
the user through a GSM modem. Hence, the user will remain updated about the status of the motor.
According to this system, there are four units: the sensing unit, control unit, communication
unit, and output unit. The sensing unit consists of current and voltage sensors, an overload relay, and
a phase relay. The ESP32 microcontroller acts as the CPU, executing commands. The built-in
SIMB800L module provides connectivity via the GPRS network, enabling data transmission to and
from the cloud. As shown in the figurelll.2

Fig 111.1 proposed system

38



Chapterlll: Implementation of an intelligent monitoring system in a water pump using ESP32
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Fig 111.2 Organizational chart of proposed system

111.2.1 Advantages of IOT based agriculture motor control
e It will save farmers time and money
e Farmers can control irrigation from a remote location
e Increases productivity
e Farmers can invest time in other vital tasks
The farmer can increase the area of irrigated land without difficulty
111.3 Stages of carrying out our project
To carry out our overall assembly of the system we went through several stages. These
steps are grouped into two main parts.
111.3.1 First part: design and construction of the entire electronic system
111.3.1.1 Current and Voltage Sensors
A meter should measure the load current and voltage, this can be done simply using the
current and voltage sensor respectively. For our prototype we used LV25 or LA 25 sensors for
voltage and current, because it offers several advantages, which are:
e The circuit is light and small in size
e No saturation
e high precision
% LV 25-P sensor
To measure voltage across a load, we used the LEM LV 25-P type voltage sensor.This voltage

sensor for it to work must be powered by (x12V or £15V).
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A resistor is placed at the input of this sensor such that its value depends on the value of the voltage
to be measured so that the current circulating in the primary windings does not exceed 10 mA.
Another resistor Rm is placed at the sensor output. Its role is to set the sensor output voltage to the
desired value.

For example, in our project, the voltage coming from the sensor will power the pin which
supports a voltage of 3.3 V. So the value of the resistor Rm must be chosen to ensure that the output
voltage is 3.3V .

«» LA 25-np sensor

To measure the current we used a LA 25-np type current sensor which provides us with a
usable voltage. This voltage will turn on pin A6 of ESP32.

LA 25-np current sensors have different measuring ranges of £5A, +20 and £30 and the only
difference between these measuring ranges is their sensitivity.

In our project, we used the LA 25-np current sensor shown in the figure, which measures 25
amps of current After studying the determination of the proportionality factor, we generated LA 25-
np current sensors with an output voltage directly proportional to the current flowing in the circuit.
Its value is between 0 and 3.3 V to match the ADC input of ESP32. This is an active device,
meaning it requires a Vee (+12 -12) voltage source to operate. [2]

Fig 111.3 LV 25 and LA25 sensors
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% Filtering and Shifting circuits

To accurately measure AC voltage and current using LA 25 and LV 25 sensors, it is essential

to implement filtering and shifting circuits. Low-pass filters are used to remove high-frequency

noise, and level-shifting circuits ensure that the sensor outputs fall within the ADC range. The

chosen component values and configurations ensure that the signals are clean and appropriately

biased for the ESP32 microcontroller. These circuits are installed according to the following steps,
as depicted in the figures I11.(4-5-6).

Fig I11.4 schematic of sensor
We feed the sensors with (+12)and (-12)

We connect the measuring pins LA and LV( MAX 250V/10A)

We connect the output of the sensor M to the filter circuit in order to purify the signal from

noise

Because the measured current is alternating, the signal coming out of the sensor is
alternating, so it must be raised above zero

We connect the filtering circuit output to the shifting circuit

The circuit output reading is 0 -3,3 to match the ESP32 input (ADS)
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Picture of the board

Fig 111.7 board of sensor
111.3.1.2 TTGO T-Call esp32 sim800I

The proposed system employs two unique modules ESP32 and SIM800I in a single
component that is referred to as TTGO T-CALL ESP32 SIM800I. As the ESP ecosystem offers
microcontrollers with GSM connectivity, we were interested in a particular model: the TTGO T-
CALL ESP. The TTGO T-CALL ESP microcontroller is a new ESP32 development board
associated with a module SIM800L GSM/GPRS. The new board combines ESP32 WiFi and
Bluetooth with the SIMCom SIM800L GPRS and also relies on a USB-C port for power and
programming. It can also be autonomous thanks to an integrated battery charger supporting batteries
up to 500 mA. In addition to Wi-Fi and Bluetooth, you can communicate bidirectionally with this
card by inserting a nano SIM:

e by SMS
e By phone calls
e Or by Internet if the 2G network allows it.
It is ideal for IoT projects that do not have access to a nearby router[3].

43



Chapterlll: Implementation of an intelligent monitoring system in a water pump using ESP32

+ Advantages of TTGO T-Call esp32 sim800I
The TTGO T-Call ESP32 SIM800L module offers several advantages for Internet of Things (I0OT)
projects:

1. Cellular Connectivity: It has an onboard SIM800L module that supports 2G (GSM/GPRS)
cellular communications, allowing it to connect to the internet anywhere there is cellular
network coverage.

2. ESP32 CPU: It features a high-performance, energy-efficient ESP32 chip that supports Wi-
Fi and Bluetooth.

3. Arduino Compatibility: It can be programmed using the Arduino IDE, making it user-
friendly for developers.

4. Compact Size: Its compact design makes it ideal for projects that require a small footprint.

5. Longevity: It can operate for extended periods without needing to be rebooted or
maintained.

6. Versatility: It can be used in a variety of applications, from controlling smart devices to
remote sensing applications.

Please note that a mobile phone service subscription is required to use the cellular connectivity[4].
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Circuit diagram
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Fig I11.9 Circuit diagram of esp32

111.3.2 Second part: the mobile application (Blynk)
111.3.2.1Blynk

Blynk was designed for the Internet of Things. It can control hardware remotely, it can display
sensor data, it can store data, visualize it and do many other things There are three major
components in the platform.
* Blynk application: Allows you to create fantastic interfaces for projects, using
different widgets that we provide.
* Blynk Server: Responsible for all communications between the Smartphone and the
Hardware. He can use the Blynk cloud or run his Server
private Blynk locally. It's open-source, it can easily handle thousands of
Peripheral devices.
* Blynk Library: For all popular hardware platforms, enable it
communicates with the server and processes all incoming and outgoing orders [6].

s Blynk Apps

is a versatile native iOS and Android mobile application that serves these major functions:
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1. Remote monitoring and control of connected devices that work with Blynk platform.
2. Configuration of mobile Ul during prototyping and production stages.
3. Automation of connected device operations.

Applications made with Blynk are ready for the end-users. Whether they are family members,
employees, or product purchasers, they can easily download the app, connect their devices, and start
using them.

Blynk also offers a white-label solution as part of the Business Plan, allowing you to
customize the app with your company logo, app icon, theme, colors, and publish it on the App Store
and Google Play under your company's name. These customized apps will work seamlessly with
your devices. [7]

< Blynk Agent

is a packaged solution designed to simplify the connection of supported devices to the Blynk

platform, providing access to all its advanced features without extensive coding.

Key features of Blynk.Edgent include:

1. Device claiming and Wi-Fi provisioning (bringing device online and authenticating them with a
certain user).

2. Connectivity management for Wi-Fi, Cellular, and Ethernet.

3. Data transfer between device and the cloud.

4. API integration with Blynk.Apps and Blynk.Cloud features.

5. Over-the-air firmware updates for select hardware models.

Blynk Library is a user-friendly and portable C++ library, that comes pre-configured to work
with hundreds of development boards. It implements a streaming connection protocol, allowing for
low-latency and bi-directional communication [7] .

+ Blynk Cloud

Blynk Cloud is a server infrastructure acting as the heart of Blynk 10T platform binding all the

components together.

Blynk also offers private servers.

Blynk is a multi-tenant solution that allows you to configure user access to devices and data by
defining roles and permissions [7].

111.3.2.2 Getting Started With the Blynk App

Create a Blynk Account

46



Chapterlll: Implementation of an intelligent monitoring system in a water pump using ESP32

After downloading the Blynk App, the user needs to create a New Blynk account with a valid
email address. Why do the users need to create an account?
¢ An account is required to save user’s projects and have access to them from multiple devices from
anywhere in the world
e [t’s also a security measure

e The users can always set up their own Private Blynk Server and have full control.

Fig 111.10 Log in to BLYNK app

+ Create a New Project

After successfully logged into the account, the next step is to start by creating a new project.

Community

Fig I11.11 Create a New Project
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% Choose Hardware

User need to select the hardware model to be used. Blynk supports more than 400 boards
already, including support for Arduino, ESP8266 (Generic, NodeMCU, Witty Cloud, Huzzah,
WeMos D1, Seeed Wio Link, etc.), ESP32 (WiFi, BLE), Raspberry Pi, BeagleBone Black, Particle,
ARM mbed, TI Energia, MicroPython, Node.js, OpenWRT and many Single Board Computers[8].
Auth Token

Auth Token is a unique identifier for the user which is needed to connect their hardware to
their smartphone. Every new project a user creates will have its own Auth Token. Users will get
Auth Token automatically on their email after project creation. They can also copy it manually.

Click on devices section and selected required device [8].
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Fig 111.12 Getting Auth Token

Add a Widget
User will find the project canvas empty and thus required to add widgets or blocks to their

project. For that purpose user needs to tap anywhere on the canvas to open up the widget box. All
the available widgets are located here. Users need to pick and place the widget of their choice.

¢ Drag-n-Drop — User need to tap and hold the Widget to drag it to the new position
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¢ Widget Settings - Each Widget has its own settings and user need to tap on the widget to get

to them The most important parameter to set is PIN. The list of pins reflects physical pins defined by

the user’s hardware. If the LED is connected to Digital Pin 8, then select D8 where D means

Digital[8].
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Fig 111.13 Widget box

After done with the Settings the user need to press the PLAY button. This will switch the

project from EDIT mode to PLAY mode where the user can interact with the hardware. While in

PLAY mode, it will never allow the user to drag or set up new widgets, press STOP and get back to

EDIT mode if required. When the connection will establish the Blynk dashboard will show a

message “ESP32 is online” otherwise user will get a message saying “ESP32 is offline” [8].
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I11.4 Practical test
The water pump is the basic component of the irrigation system.
+ Electrical control cabinet
In order to control the pump, we need an electrical control cabinet. The cabinet is installed
according to the power of the pump motor. In this experiment, we will use a powerful motor (3 kw,
5 horsepower). Its total current consumption is (7.2A), so we will need the following components:
= Magnetic thermal breaker (MCB) 32 A
= Contactor D12
= Thermal relay (overload) 5.5-8 A
» Phase relay (CHINT XJ3-D)
= Control buttons (start and stop button and select switch)
+ Installing the current and tension sensor
= We connect the current sensor side in series with the power circuit and the voltage sensor
side in series between phase and neutral.
= We feed the sensor card with (-12 V GND +12 V)
= We connect the sensor outputs (V A GND ) to the ESP32 card at the AO A3 GND PIN
+ Connecting relays
= We connect the fault relay feeder between the neutral and the phase relay output
= We connect the control relay between the phase and the contactor in series with the selector
switch
+ Blynk
= After logging in to my account on the Blink application, we choose to add a new project

= We choose the card type, ESP 32, and the connection type we choose GSM
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Fig 111.14 choose the card type

e \We receive the token in the email address
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Fig I11.15 receive the token
e We choose from the list Widget Box the appropriate tools

e We put an indicator to display the value of current and voltage
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Fig I11.16 add to display the value of current and voltage
e We put an LED light to display the phase status
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Fig 111.17 LED light to display the phase status

52



Chapterlll: Implementation of an intelligent monitoring system in a water pump using ESP32

e We set the notification settings and set the notification tone from the phone
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Fig I11.18 notification settings

e We set the SuperChart settings in order to save AC voltage and AC current data and display

it in the form of a curve
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Fig 111.19 SuperChart settings
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We place the control buttons to turn the pump on and off
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Fig I111.20 the control buttons

+ System startup

We place a SIM card in the ESP32 card and ensure its connection to the Internet

We also ensure that the mobile phone is connected to the Internet via Wi-Fi or 4G

We open the Blink application on the phone and make sure it is connected to the system via
the cloud

You will see in the application interface the value of the tension available to the motor

You can open and close the engine by pressing the ON OFF button

You will see the value of the current consumed

In the event of a phase error or overload. An error indicator will appear in the application

interface with a notification and sound, and the notification will also be sent to the e-mail.
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I11.5 The Test results and discussion

Fig 111.22 The system in healthy state

Figs 111.23 & 24 The system in overvoltage state
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Figs 111.25 & 26 The system in undervoltage state

Fig 111.22 depicts our system under normal conditions (healthy state). The system functions
properly, and the readings shown on both the voltmeter and ampermeter match those displayed on
the Blynk app.

Figs 111.(23&24) represent System under Overvoltage fault .An overvoltage fault has been
detected on the motor by the monitoring system proposed ,where The system has automatically shut
down and sent a notification to your phone stating: "Be careful, this is a fault".

Figs 111.(25&26) illustrate the system under Undervoltage fault. The monitoring system
identified that the motor was affected by an overvoltage condition. As a result, the system initiated
an automatic shutdown and sent a notification to your phone with the message: "Be careful, this is a
fault".

111.6 Conclusion

In conclusion, the implementation of an intelligent monitoring system for a water pump using
the ESP32 microcontroller with SIM800L GSM/GPRS module marks a significant advancement in
agricultural technology. This system addresses the longstanding challenge faced by farmers in
managing irrigation systems efficiently. By leveraging 10T capabilities, farmers can now remotely
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control and monitor their water pumps through a user-friendly Android application, eliminating the
need for daily physical presence at remote fields.

The system's architecture, as outlined in this chapter, incorporates essential components such
as current and voltage sensors, relays, and a robust protection algorithm programmed into the ESP32
microcontroller. These components work together seamlessly to ensure the reliable operation of the
3-phase induction motor while providing real-time feedback and alerts to the user via SMS
notifications.

Key advantages of this loT-based solution include significant time and cost savings for
farmers, increased agricultural productivity through optimized irrigation management, and the
ability to expand irrigated land without geographical constraints. The integration of Blynk platform
further enhances usability, allowing intuitive control and monitoring functionalities through a

mobile application.
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General Conclusion

The thesis outlines the significance of irrigation systems in agriculture, the
common faults encountered in water pumps, and the advantages of using intelligent

monitoring systems. Here's a summary of the key points:

1. TIrrigation Systems Overview:

o Irrigation systems are crucial for agriculture, particularly in areas with
water scarcity. They ensure the regular and adequate supply of water to
crops, thus enhancing productivity and yield.

2. Water Pump Faults:

o Water pumps, integral to irrigation systems, can experience various
faults that compromise their efficiency and reliability. Common issues
include thermal overload, voltage unbalance, and other induction
motor faults. These faults can lead to disruptions in irrigation, reduced
crop yields, and increased operational costs.

3. Intelligent Monitoring Systems:

o The adoption of intelligent monitoring systems in irrigation addresses
these faults effectively. These systems use IoT and advanced
computational methods to provide real-time monitoring, early fault
detection, and predictive maintenance. Key benefits include:

= Early Fault Detection: Allows for timely maintenance and
repairs, minimizing downtime and preventing minor issues
from becoming major failures.

= Enhanced Efficiency: Ensures pumps operate at optimal
efficiency by making real-time adjustments.

= Cost Savings: Reduces the need for expensive emergency
repairs and extends the lifespan of pump components.

= Data-Driven Decision Making: Provides valuable data for
informed decision-making regarding pump operations,
maintenance schedules, and system upgrades.

4. Implementation of Intelligent Monitoring Systems:
o The thesis discusses the implementation of an intelligent monitoring

system using ESP32 with the SIM 800L. This system demonstrates the
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practical application of IoT in monitoring and managing water pumps
in irrigation, showcasing its potential to transform agricultural

practices through improved efficiency and sustainability.

In conclusion, understanding the intricacies of irrigation systems and the impact of
pump faults is essential for maintaining effective agricultural practices. The
integration of intelligent monitoring systems offers a proactive approach to managing

these systems, ensuring sustainability and enhanced productivity in agriculture.
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