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ABSTRACT

The importance of home security is increasing, and systems are constantly being improved.
Sophisticated firearms, security guards, alarms, and other security measures have all been
improved. Software and electronic hardware have also been invented. One of the most crucial

safety measures that are necessary for all social groupings is home security.

The system architecture entails the integration of sound and motion detectors with a central
processing unit, enabling real-time monitoring and response to potential security breaches.
Leveraging advanced sensor technologies, the system can accurately identify unauthorized
intrusions and trigger appropriate alarm responses. Key components of the system include high-
sensitivity sound sensors capable of detecting anomalies such as breaking glass or forced entry,
coupled with motion detectors that utilize passive infrared technology to detect movement within
designated areas. These sensors are interconnected with a central control unit programmed to
analyze sensor inputs and initiate alarm protocols when suspicious activity is detected. The
system incorporates user-friendly interfaces for configuration and monitoring, allowing users to
customize alarm settings and receive real-time alerts via mobile devices or computer interfaces.
Additionally, the system's scalability and flexibility enable integration with existing security
infrastructure, making it suitable for a wide range of residential, commercial, and industrial

applications.



CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF STUDY

The importance of home security is increasing, and systems are constantly being improved
(Ijemaru et al., 2023). Sophisticated firearms, security guards, alarms, and other security
measures have all been improved. Software and electronic hardware have also been invented
(Bader et al., 2021). One of the most crucial safety measures that are necessary for all social
groupings is home security. (Weber, 2019). Every home should be constantly watched for
instances of theft, fire, and short circuits. These days, there is a concerning rise in the number of
crimes, such as robbery, fire, and murder (Weber, 2019). Therefore, to increase its value, home

security systems should be upgraded.

The need for further security measures is growing every day in majority of emerging nations,
making one of the most important fundamental needs is security (Jabbar ef al., 2019). The
necessity for robust security architecture in residential and commercial areas is critical due to the
rise in crime rates. According to preliminary research, homes equipped with an effective, safe
home security system are less likely to have burglaries (Elfasakhany ef al., 2021). The early men
employed crude tools like stones, grasses, and other materials in an attempt to secure their homes
and property, more value was added to lives and properties as invaders' methods of entry become
more sophisticated, and to guarantee an atmosphere that is impenetrable to intruders, advanced
methods were devised (Chooruang and Meekul, 2019). Many people would like to have a
security system that monitors and alert them in case of emergency especially when they are
away. Many products in the market are expensive, complicated and require the system to be
linked to a public emergency system. However, people are looking for a low cost and simpler

solution.

Despite all the effort, resources and time that has been devoted to the development of tools that
will reduce crime rates and make the world a safer place to live, these problems are still on the
increase (Hossain et al., 2020). These gave rise to the need for an increasing development in the

technology of alarm systems which utilizes various principles such as infrared motion detection,
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light (photo) sensitive electronic devices and so on. Even with the introduction of these alarm
systems which have reduced greatly the level of insecurity, there is still a problem of false alarm
which needs to be minimized (Alarm.org, 2019). With the advancement in science and
technology, these crude methods of generating alarm were replaced by electronic alarm systems
in the late eighteenth century (Wazid et al., 2020). These electronic alarm systems operate
without any human effort. Once it senses a particular signal, it gives an indication in form of
loud sound or noise depending on its design (Petruzzellis, 2021). The first electronic fire alarm
system was developed by Dr. William f. Channing and constructed by Mr.-Moses G. Farmer, an
electrical engineer (Icee.org, 2022). This system uses boxes with automated signaling to indicate
the location of fire and was first put into operation in Boston in the United State of America
(U.S.A). The development of this alarm system by Dr William was followed with the evolution
of fire and burglar alarm technology of varying complexities and sophistications which are too
numerous to mention. Notable among these technologies is the remote signaling intruder alarm
system which was invented in the early 1970’s (Wazid et al., 2020). This provided a rapid art full

response to alarm calls.

However, industries based on security service equipment provision have being coming up with
different designs so as to keep burglars and vandals away from public areas not made for them
(Zungeru, 2019). Today we have the new generation of electronic alarm system which comes in
various levels of complexities and sophistication (Waller, 2019). With the recent increase in
crime rates, it has become important to protect our buildings and properties with adequate safety
devices with increased level of sophistication. The cost of these safety devices depends on the
equipment technology and the application requirement. These safety devices are called the
modern electronic alarm system (TargetWoman - Women Portal, 2024). The design and
construction of a security and alarm system are thoroughly examined in this thesis, with a focus
on the integration of motion and sound detectors. This study attempts to address the current
issues related to the protection of diverse settings in addition to adding to the body of

information already available on security systems.

1.2 AIM OF STUDY
The aim of this study is to Design and Construct a Security and Alarm System with Sound and

Motion Detectors.



OBJECTIVES OF STUDY
The objectives of the study are

1. To develop a robust security and alarm system.

2. Integrate advanced sound detection technology to identify and distinguish various audio
patterns associated with potential security threats.

3. Implement precise motion detection algorithms to accurately identify and respond to
unauthorized movements within the monitored area.

4. Design a notification system that promptly alerts the user or security personnel upon
detection of suspicious sounds or movements.

5. Design the system to support multiple sound and motion detectors, ensuring
comprehensive coverage across distinct zones.

6. To optimize power consumption and ensure sustainable operation.

1.4 PROBLEM STATEMENT

In this thesis, a complete security and alarm system with integrated sound and motion detectors
is proposed. Public confidence is undermined by traditional security measures' susceptibility to
manipulation and false alarms. The system's objectives are to increase precision, decrease false
positives, and respond to different security scenarios. The research will look at the difficulties in
integrating sound and motion detectors, maximize sensor sensitivity, and guarantee that the
gadget works in a variety of settings. The system will use a variety of communication channels
to transmit real-time notifications, guaranteeing that swift action is taken in the event of a threat.
If this method is successful, it might transform security guidelines and enhance the protection of

people and property.

1.5 SCOPE OF STUDY

This thesis proposes a comprehensive security and alarm system that integrates sound and
motion detectors to enhance protection against intruders. The project involves a thorough
requirements analysis, system design, prototype development, system testing, system integration,
maintenance, and evaluation. The system will be designed to meet security requirements, ease of

use, reliability, and cost-effectiveness. The system will be integrated into existing properties or



installed in new ones, following best practices for installation, wiring, grounding, and safety. A
maintenance plan will be developed to ensure system efficiency. The system's effectiveness will
be evaluated based on predefined criteria, and any necessary improvements will be implemented.
The thesis concludes with a summary of key findings, recommendations for further research, and

reflections on the future of security system development.
1.3 Relevance of study

The importance of sound and motion detectors in modern safety infrastructure cannot be
overemphasized. These systems serve as deterrents against potential intruders, aiding in crime
prevention and early detection. They also facilitate real-time monitoring, allowing for immediate
actions to prevent theft or vandalism. The integration of sound and motion detectors with other
technologies enhances the overall security infrastructure, allowing for remote monitoring and
control. The combination of sound and motion detectors with alarm systems reduces response
times to potential security threats, minimizing damage or harm. A well-designed security system
contributes significantly to the safety of occupants within a property, fostering a secure
environment for all stakeholders. Thus, sound and motion detectors are vital components in
modern safety protocols, ensuring the protection of assets and individuals in an increasingly
complex security landscape.



CHAPTER TWO
LITERATURE REVIEW
2.1 OVERVIEW OF CURRENT SECURITY SYSTEMS

Security systems are networks of integrated electronic devices working together with a central
control panel to protect against burglars and other potential home intruders (safewise, 2022).
Security systems play a crucial role in safeguarding assets, both digital and physical, from
unauthorized access, breaches, and potential threats. With the increasing reliance on technology
and interconnected networks, the need for robust security measures has become paramount
(Andrzejewski, 2020). This overview explores the key components and principles of modern
security systems, highlighting their importance in protecting sensitive information and

maintaining the integrity of various environments.
2.1.1 COMPONENTS OF SECURITY SYSTEMS

Security systems are multifaceted structures designed to protect assets, information, and
individuals from various threats. Within the realm of security, several components play vital
roles in ensuring comprehensive protection. These components include access control systems,
surveillance systems, intrusion detection systems (IDS), firewalls and network security, and

physical security measures.

Access control systems serve as gatekeepers, managing entry and exit points to designated areas
or information. Employing methods such as biometric authentication, smart cards, and PIN
codes, these systems ensure that only authorized individuals gain access, thus mitigating the risk
of unauthorized entry and data breaches (Smith, 2019). Surveillance systems form another
critical component by providing real-time monitoring and recording of activities. Through
technologies like video cameras, facial recognition, and analytics, these systems enhance threat
detection capabilities, enabling security personnel to identify and respond promptly to potential
risks (Jones et al., 2020). Intrusion detection systems (IDS) are designed to identify and respond
to unauthorized activities within networks or physical premises. By monitoring for anomalous
behavior, IDS trigger alerts or responses, enabling security teams to mitigate threats before they
escalate (Anderson, 2019). Firewalls and network security mechanisms act as barriers between

trusted internal networks and untrusted external networks. They prevent unauthorized access and



safeguard against cyber threats by employing techniques such as encryption and intrusion
prevention systems (Harrison and Smith, 2021). Physical security measures complement digital
protection by safeguarding physical assets and premises. Barriers, locks, and surveillance
cameras are among the tools utilized to deter intruders and ensure the physical security of a
facility (Doe, 2022). Integration is essential for maximizing the effectiveness of security systems.
By coordinating access control, surveillance, and intrusion detection systems, organizations
create a holistic security infrastructure that enhances overall protection (Williams and Brown,

2023).

However, security systems face challenges and must adapt to emerging trends to remain
effective. One significant challenge is the evolving landscape of cybersecurity threats, which
require continuous updates and proactive measures to counter (Chen et al., 2020). Additionally,
the integration of artificial intelligence (Al) introduces opportunities for faster threat detection
and response but also raises ethical considerations and concerns about potential biases in Al

systems (Gupta and Kumar, 2021).

2.2 ANALYSIS OF TRADITIONAL SECURITY MEASURES

The foundation for protecting digital and physical assets from various attacks has always been
traditional security procedures. These precautions include a variety of techniques and tools
intended to reduce risks and guarantee the safety of important assets. Using information from
several research projects and academic publications, we will examine the shortcomings and

efficacy of conventional security mechanisms in this analysis (Gongalves et al., 2021)
2.2.1. PHYSICAL SECURITY MEASURES

In order to safeguard material assets, physical security measures entail the installation of physical
barriers and controls. Security guards, surveillance cameras, and access control systems are some
of these precautions. According to studies, physical security measures are essential for

preventing unwanted entry (Smith, 2018). For instance, surveillance cameras serve as a deterrent



and support investigative efforts, while access control systems might limit admittance to just

authorized individuals. (Patel ef al., 2020).

However, it is important to note that physical security measures may have vulnerabilities. For
instance, surveillance cameras can be tampered with or bypassed, and security personnel may be
susceptible to human errors or collusion (Brown, 2019). Therefore, a holistic approach that
combines physical security with other layers of protection is recommended for comprehensive

risk management.
2.2.2 LIMITATIONS OF TRADITIONAL SECURITY MEASURES

While traditional security measures have proven effective in many scenarios, they are not
without limitations. One common challenge is the inability to address insider threats adequately.
Studies have shown that a significant percentage of security incidents are caused by employees
or trusted individuals within an organization (De Bruijn and Janssen, 2017). Traditional measures

often struggle to differentiate between legitimate and malicious activities from insiders.
2.3 OVERVIEW OF SOUND AND MOTION DETECTORS

Sound and motion detectors are critical components in various technological applications,
ranging from security systems to home automation. These detectors play a pivotal role in

detecting changes in the environment and triggering appropriate responses.
2.3.1. SOUND DETECTORS (SENSOR)

Sound detectors, also known as acoustic sensors, operate based on the principles of detecting
changes in acoustic signals (Patel et al., 2021). These devices typically consist of a microphone
that captures sound waves, and the variations in these waves are analyzed to identify specific
patterns or disturbances. Sound detectors are pivotal components of modern security systems,
offering a layer of surveillance that complements traditional visual monitoring (Johnson, 2018).
By leveraging advanced audio sensing technologies, these systems can detect and analyze sound
patterns to identify potential threats, intrusions, or abnormal activities. Sound detection has
become an essential component of security. It can isolate suspicious sounds amidst everyday

noise and pinpoint what video surveillance often cannot: gunfire, shattered glass, trigger alarms



from cars and within corridors, and various forms of aggression. Sound detection immediately

alerts security staff in real time and sends then speeding to the source (Garcia and Wang, 2017).

Figure 2.1: SOUND DETECTOR photo credit: ((Patel ez al., 2021).

Functionality of Sound Detectors

Sound detectors operate by capturing and analyzing audio signals within their environment. They
employ various techniques such as microphones, signal processing algorithms, and machine
learning models to differentiate between normal background noise and suspicious sounds. These
systems can be programmed to recognize specific acoustic signatures associated with
unauthorized access, breaking glass, gunfire, or distress calls. By continuously monitoring audio
inputs, sound detectors can trigger alerts or alarms in response to detected anomalies, enabling

swift intervention by security personnel.



Applications of Sound Detectors

Sound detectors find widespread applications across different sectors, including residential,
commercial, and industrial settings. In residential security systems, they provide homeowners
with enhanced intrusion detection capabilities, alerting them to potential break-ins or
disturbances. In commercial establishments such as banks or retail stores, sound detectors can
help prevent theft or vandalism by detecting suspicious activities like forced entry or glass
breakage. Moreover, in industrial facilities where safety is paramount, these systems can identify
hazardous situations such as equipment malfunctions or environmental emergencies based on

specific sound patterns.

2.3.2 MOTION DETECTOR (SENSOR)

A motion sensor is a device designed to detect moving things, primarily human motion. Often, a
motion sensor is built into a system to notify a user of motion in an area or to carry out a job on a
regular basis (EIProCus, 2019). These sensors are a crucial part of energy-efficient, automated
lighting management, home control, security, and other useful systems. The primary function of
a motion sensor is to detect intruder activity and notify your control panel, which then notifies
your monitoring center. Motion sensors respond to a variety of events, such as movement in your
living room and doors and windows that are closed or unbolted. These sensors may also Activate
a doorbell when someone comes close to the front door. These sensors give you an alert
whenever kids enter into some restricted areas in the home such as medicine cabinet, the

basement or workout room. Conserve energy by using this sensor lighting in empty spaces.

Types of Motion detectors (Sensors)

There various kinds of motion sensors are available in the market, which has their ups and

downs. They are namely PIR, Ultrasonic, Microwave and Tomographic.



1. Passive Infrared (PIR) detector (Sensor)

Passive Infrared (PIR) sensors are remarkable devices that detect infrared radiation emitted by
objects within their field of view. They operate on the principle of detecting changes in heat
signatures rather than emitting infrared radiation themselves, hence the term "passive. Every
warm-blooded mammal emits infrared radiation (Lee et al., 2018) One component of passive
infrared sensors is a thin Pyroelectric film material, which produces electricity in response to

infrared light.

Mode of Operation

PIR sensors rely on a fundamental understanding of infrared radiation. All objects with a
temperature above absolute zero emit infrared radiation (Chen, et al., 2019). PIR sensors contain
a pyroelectric sensor that generates an electric charge when exposed to infrared radiation. This
charge is proportional to the temperature difference between the sensor and the detected object.
When an object moves within the sensor's detection range, it alters the distribution of infrared

radiation, causing a change in the electric charge and triggering the sensor (Karki et al., 2018).

Figure 2.2: Passive Infrared (PIR) Sensor  photo credit:(electronics.org)

Motion detectors play a vital role in enhancing security by providing early detection of potential

threats, allowing for timely response and mitigation. However, it's essential to select the
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appropriate type of motion detector based on the specific requirements and environmental
conditions of the installation site. Regular maintenance and testing are also crucial to ensure the

continued effectiveness of the security system.

2 Ultrasonic detector (sensor)

Ultrasonic sensors can be either active or passive; passive sensors listen for certain noises, such
as glass breaking or metal hitting metal. Although these sensors are highly sensitive, they are
often costly and prone to false alarms. Active ones produce pulses of ultrasonic waves, also
known as sound waves, and then measure how these waves reflect off of moving objects. Fish,
dogs, and cats are among the animals that can detect sound waves; therefore, an active ultrasonic
alarm may frighten them. An ultrasonic detector, or sensor, is a device that utilizes ultrasonic
waves to detect various objects or measure distances. Ultrasonic waves are sound waves with
frequencies higher than the upper audible limit of human hearing, typically above 20
kHz.Ultrasonic detectors offer several advantages, including high accuracy, reliability, and the
ability to work in various environmental conditions. However, they also have limitations, such as
reduced effectiveness in environments with high levels of noise or dust, and limited range
compared to other distance sensing technologies like LiDAR. Nonetheless, their versatility and

cost-effectiveness make them valuable tools in a wide range of applications.

Figure 2.3: ULTRASONIC DETECTOR (SENSOR) photo credit: (electronics.org)
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2.4 REVIEW OF RELATED WORK ON SECURITY AND ALARM SYSTEMS.

Designing and Implementation of Security alarm system for organizations, industries, and houses
based on Global System for Mobile Communications (GSM) technology was review by Prasad
and Sai ram susheel, that administer double ways to implementing security alarm system using
internet of things. Firstly, is by the use of web cameras, in a case when there is any motion
sensed by the camera, it will sound an alarm and sends a message to the industries,
organizations, or homeowners that they are an intrusion (Prasad and Sai ram susheel, 2019).
Daniel and Karri in the year 2021, they suggest to use internet facilities to deliver an alert or
messages to the place an intrusion took place rather than the ordinary short message service
(SMS) (Daniel and Karri, 2021). Arvind and Jayashri 2023 have carried out a fingertip or
fingerprint-based verification system to unlock a certain closed place or door. This type of
security system aids users to unlock a certain place because they are the ones whose fingerprint
IS register to the system so if you put the unregistered fingertip, it will not unlock the place or
anything the finger is registered to (Arvind and Jayashri 2023). Guiawa et al., (2018), developed
a compact home security system based on the Global System for Mobile Communication (GSM).
The system consists of a motion sensor, temperature sensor, and gas sensor, all controlled by an
ATMEGA 8 microcontroller. The motion sensor detects intruders, the temperature sensor alerts
the owner when the temperature exceeds a certain value, and the gas sensor detects smoke and
gas, sending SMS alerts to the owner. This system helps prevent intruders, accidents, and fire
outbreaks in homes, offices, and industries (Guiawa et al., 2018). (Nosiri., et al., 2019), designed
a microcontroller-based security system for indoor geo-location using motion detectors. The
system integrates cameras and motion detectors into a web application, controlling the Raspberry
Pi camera for remote sensing and surveillance. The system alerts owners via SMS and buzzes
alarms when intrusion occurs. The system offers a cost-effective, efficient, and easy-to-
implement surveillance solution. Budijono et al., (2021), design a home security device capable
of swiftly sending alerts to the user's GSM (Global System for Mobile) mobile device via SMS
(Short Messaging System) and enabling system control through SMS commands. The modular
design of this Home Security System allows for the expansion of its capabilities by adding

additional sensors. The hardware components of this system include a microcontroller AT Mega
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328, a PIR (Passive Infra-Red) motion sensor for detecting motion, a camera for image capture, a
GSM module for SMS communication, and a buzzer for alarm alerts. As for the software,
Arduino IDE is utilized for programming the Arduino microcontroller, and Putty is employed for
testing the GSM module's connectivity. This Home Security System is capable of monitoring the
surrounding area using PIR sensors, sending SMS alerts, saving captured images, and triggering
the buzzer to alert individuals in the event of detected trespassing. The Modular Home Security
System has undergone successful testing and has proven its ability to detect human movement
effectively (Budijono et al., 2021). (Zungeru, 2013),designed an ultrasonic motion detection
which emit ultrasonic sound waves into a designated area, which then reacts to changes in the
reflected energy pattern. This detection system relies on a method that detects movement or
changes in position by analyzing shifts in the frequency of the reflected energy. In this setup,
ultrasonic sound is emitted from a transmitting device, typically in the form of energy, and
travels through the air in wave-like motion. These waves bounce off the surroundings in the
room or hallway, and the device registers a characteristic pitch indicative of the environment
being monitored. When motion is detected, the wave pattern is disrupted and reflected back more

rapidly, resulting in an increased pitch that triggers an alarm.

The primary innovation of this project lies in the creation of a circuit capable of detecting motion
through the movement of any object, offering a cost-effective and portable motion detection
solution. Additionally, another circuit was designed to activate or deactivate another circuit based
on its attachment. Generally, the design is intended to identify movement or moving objects
within a confined area. In this system, a transmitter transducer produces a signal at a frequency
of 40kHz. When this signal is obstructed by a moving object, it activates a buzzer through a
timing circuit. This system operates on the principle of signal interference caused by a moving
body and relies on the presence of an intruder or moving object within the monitored area.
Following its design and construction, the system underwent testing and was found to perform in

accordance with specifications (Zungeru, 2019).

2.5 USES OF THE PROJECT
Security and alarm systems with sound and motion detectors play a crucial role in enhancing the
safety and protection of homes, businesses, and various other environments. Here are some

common uses and benefits of such systems:
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10.

11.

12.

Burglar Deterrence: Motion detectors can sense unauthorized movement within a premises,
triggering alarms that can deter burglars and intruders.

Intrusion Detection: Sound and motion detectors can identify unauthorized access to a
property, alerting occupants or security personnel immediately.

Property Protection: These systems help safeguard valuable assets, such as electronics,
jewelry, and other high-value items, by providing early detection of potential theft.

Home Security: Protecting homes with security systems can provide peace of mind for
residents, especially when they are away. The system can notify homeowners and security
services about any suspicious activity.

Fire Detection: Some security systems include smoke and heat detectors, enhancing overall
safety by alerting occupants to potential fires or smoke.

Emergency Response: Security systems can be linked to emergency services, providing a
faster response time in case of a break-in or other security breach.

Pet Safety: Motion detectors can be adjusted to account for the presence of pets, minimizing
false alarms while still maintaining security.

Monitoring of Sensitive Areas: Security and alarm systems with detectors are valuable for
monitoring specific areas within a property, such as entrances, windows, or secure rooms.
Business Security: Commercial establishments benefit from these systems by protecting
assets, confidential information, and ensuring the safety of employees.

Insurance Premium Reduction: Installing security systems with motion and sound detectors
may lead to reduced insurance premiums for homeowners and businesses, as they
demonstrate a commitment to safety.

Remote Monitoring: Many modern security systems can be monitored remotely through
mobile apps, allowing users to receive alerts and check the status of their property in real-
time.

Integration with Smart Home Systems: These security systems can often be integrated with
other smart home devices, allowing for automated responses, such as turning on lights or

locking doors when an intrusion is detected.
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CHAPTER THREE
METHODOLOGY AND DESIGN

3.1 MATERIALS FOR CONSTRUCTION
To guarantee that the system functions properly, and construction of a security and alarm system

with sound and motion detectors. The following are the primary parts utilized in this project:

Transformer
Adaptable box

Jumper wires
Connector

Condenser microphone
Microcontroller
Diodes

Ceramic capacitors

© 0 N o g B~ w DN PE

Small polarized

=
o

. Small polarized capacitor

-
-

. Push buttons

[EY
N

. Relay
. Transistor (NPN)
. Light emitting diodes

el el e
oo~ W

. Buzzers

[EY
»

. Batteries

17. Power module (transformers and regulators)

3.1.1 TRANSFORMERS

Based on the idea of Faraday's Law of Electromagnetic Induction, which states that "the
magnitude of voltage is directly proportional to the rate of change of flux," a transformer is an
electrical component that transfers electrical energy from one circuit to another without requiring
the addition of external power or altering the frequency of the electrical waves (Kokotovic,

2019). When a current passes through one of the coils in a transformer, it generates a magnetic
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field that subsequently induces a voltage across the other coils wrapped around the same core
(Electrical4U, 2019).

FIGURE 3.1: ATRANSFORMER (Villegas et al., 2022)

PARTS OF A TRANSFORMER

1. Windings: These are set of copper wires wrapped around the transformer core. There are
two major types of winding (Abror, 2020).
»  Primary windings: Primary winding of transformer produces magnetic flux when it is

connected to an electrical source (Abror, 2020).

= Secondary windings: The magnetic flux produced by primary winding passing through
the core links with the secondary winding. The set of turns of winding from which output
is taken (Abror, 2020).

2. Magnetic Core of Transformer: This serves as the support to the winding in the
transformer and provides a low reluctance path to the flow of magnetic flux. The core
diameter is directly proportional to copper losses and inversely proportional to iron losses
(Lloyd, 2021).
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3. Insulation Agents: Insulation is important in transformers to separate windings from each
other and to avoid short circuits. Insulation influences the durability and stability of a
transformer. Insulating tape, paper, oil and wood-based lamination are the types of

insulation medium (Dalessandro et al., 2017).

Secondary Winding

vV e v Y

Leakage Flux Mamn |

Figure 3.2: PARTS OF ATRANSFORMER (Electrical4U, 2019)

3.1.2 Diodes

A diode is an electrical component that only permits one direction of current passage (Tooley,
2020). Rectification is one of the numerous uses for diodes. In particular, diodes are used to
convert alternating current (AC) on the input terminals to direct current (DC) on the output
terminals in a bridge rectifier circuit, which consists of four diodes. A diode bridge is used to
change the negative voltage sections of an AC waveform to positive voltage. No matter which

way the input polarity goes, the output polarity never changes (Mike, 2019).
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Figure 3.3: BLOCK DIAGRAM OF A BRIDGE DIODE (Strzelecki and Benysek, 2018)

3.1.3 CAPACITORS

A capacitor is a device that works by keeping separate pairs of opposing charges in order to store
electrical charge and energy. It is made up of two electrical conductors spaced apart by an
insulating substance known as a dielectric or by a vacuum. Capacitance (Chenming, 2019; Sze

and Lee, 2022) is the capacity of the capacitor to hold these charges.

Figure 3.4: Different types of capacitors (Wikipedia, 2023)
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3.1.4 RESISTORS

A resistor is a passive electrical component that has two terminals and prevents electricity from
flowing through it in a circuit. Resistors are frequently used in circuits to balance out active parts
like op-amps, microcontrollers, and other integrated circuits. Resistors are frequently used to

split voltages, draw up 1/O lines, and restrict current (Jelten et al., 2021).

™

l,

Figure 3.5: A Resistor (Zubaer ef al., 2020)

3.1.5 MICROCONTROLLERS

Microcontrollers (MCUs) are tiny, basic personal computers (PCs) that lack a comprehensive
front-end operating system (OS) and are intended to control certain functions of a bigger
component (Lutkevich, 2023). This part processes the data, decides which switch to make, and
monitors the voltage and available phase supply from the alternate power source or the national
grid. It is also in charge of the LCD screen. According to Keim (2019), a microcontroller is a
single chip that consists of a CPU, memory, and input/output (I/O) peripherals.
They are used in a variety of applications, including industrial control systems, motor control
systems, display unit peripheral interface systems, SMPS and power regulation systems,
embedded systems, and boards for the Arduino UNO, Arduino NANO, and Arduino MICRO
(Compton and Jameson, 2018).
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Figure 3.6: Microcontroller (Compton and Jameson, 2018)

3.1.6 RELAYS

A relay is an electromagnetic switch operated by small electric current which turns on or off
large electric current. Relays works on the principle of electromagnetic induction by using an
electrical signal to control an electromagnet, which in turn connects or disconnects another
circuit (Prasad, 2022). Relays are used to protect the electrical system and to minimize the
damage to the equipment connected in the system due to over voltages (Zheng et al., 2021).
There are numerous types of relays such as high voltage relay, solid state relays, timer relays,

thermal relays, frequency protection relays, and more (Vladimir Gurevich, 2016).
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Figure 3.7: A Relay Module (Hattaraki et al., 2020)

3.1.7 TRANSISTORS

A transistor serves as a switch and an amplifier; they are a semiconductor device that conducts
and insulate electrical voltage/current. Transistors are three terminal device that regulates the
flow of electrical currents, enables fast switching, and are used to develop a single integrated

circuit (Turner, 2018).
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Figure 3.8: A Bipolar junction transistor (Othman, 2019)

3.2 METHODOLOGY

| POWER SUPPLY

], SOUND AND MOTION SENSOR ‘\L—’ ‘ CONTROL UNIT ‘

\ BUTTONS AND LEDS

| RELAY AND TRANSISTOR CIRCUIT )  DCBUZZER

FIGURE 3.9 SYSTEM BLOCK DIAGRAM
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3.2.1 POWER SUPPLY
The voltage requirement for this project includes; 5V and 8V. The power supply is a combination
of a switch mode power supply (Ac-DC 12v 2A Power module) and two 4v batteries connected

in parallel to form an 8V battery system.

&V OUTRPUT EATTERY QUTRFUT
—

BAT1
i
Ac to De 5V Power Module =1
b BATZ
gEE:

POWER SUPPLY

FIGURE 3.10: POWER SUPPLY CIR€UIT

The 5V output of the power module is connected to the controller circuit, the sensor circuit and

the LED circuit while, the parallel battery connect is connected to the dc water pump.

3.2.2 CONTROL UNIT

The control unit comprises the microcontroller (PIC16F887), crystal oscillator circuit and the
master clear reset circuit which in turn consist of a resistor and a capacitor. The microcontroller
is the main control unit which controls the on and off status of the relay under the influence of
the microcontroller. The crystal oscillator controls the timing of the microcontroller which means
the time at which the microcontroller execute one instruction. The microcontroller frequency is
one-fourth of the crystal oscillator frequency. The master clear reset circuit helps to prevent the
microcontroller from resetting by continuously connects the master clear pin of the
microcontroller to power through a resistor and ceramic non-polarized capacitor connected to
ground. The figure below shows the circuit diagram of the control unit. Capacitors connected
from the crystal oscillator to ground are meant to stabilize the crystal oscillator signals to the

microcontroller.
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FIGURE 3.11 CONTROL CIRCUIT

R1 = 10K (Recommended in PIC microcontroller datasheet)
C6 = 100nF (Recommended in PIC microcontroller datasheet)
C10 = C11 = 22pF (Recommended in PIC microcontroller datasheet)

3.2.4 Controller Flowchart

The journey through the controller flowchart begins with the pivotal step of system initialization
and device configuration. At this juncture, the system lays the foundation for its operations by
setting up parameters and configurations necessary for efficient functioning. This initial phase
establishes the groundwork upon which subsequent actions will unfold, ensuring that the system

operates within predefined parameters.

Following system initialization, the flowchart proceeds to check the status of devices through
sensors and configuration settings. This step serves as a critical checkpoint, enabling the system
to gather real-time data from sensors and assess the current state of connected devices. By
leveraging this information, the controller can make informed decisions regarding the

management of device operations.

Upon evaluating device status, the flowchart navigates through conditional pathways based on
user input. If the control button is pressed, the system initiates actions tailored to maintain

optimal conditions within the controlled environment. Herein lies the essence of automation —
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the ability to respond dynamically to user commands and environmental cues, thereby enhancing

operational efficiency and user experience.

One pivotal aspect of device control entails regulating temperature levels within a designated
space. In accordance with the flowchart, if the room temperature falls below a predetermined
threshold, the system takes corrective action by turning off the temperature control mechanism.
Conversely, if the room temperature surpasses a predefined upper limit, the system activates

temperature regulation to mitigate overheating.

The iterative nature of the controller flowchart is exemplified by the continuous monitoring and
adjustment of device operations. As long as the controller remains active, it perpetually cycles
through the decision-making process, ensuring that devices operate optimally and in accordance
with user-defined parameters. This iterative loop encapsulates the essence of continuous

improvement and adaptation inherent in automated systems.

Ultimately, the controller flowchart culminates in a termination condition whereby the system
halts its operations. This final step serves as a safety mechanism, ensuring that the system
disengages gracefully when no longer required or when encountering an error condition. By
adhering to predefined termination criteria, the system mitigates the risk of unintended

consequences and safeguards both devices and users.
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FIGURE 3.12 CONTROLLER FLOWCHAT

3.2.5 RELAY UNIT CIRCUIT

The relay circuit consist of a 5V 10amp relay used to switch the Dc Fan On and Off. The circuit
also have a NPN transistors (bc547) to sink the relay actuator pin. The transistors under the
control of the microcontroller (PIC16F887) can turn ON or OFF the corresponding relay by
sinking the current at relay actuator. Each transistor is connected to the microcontroller through a
10k ohms biasing resistor. The microcontroller can supply up to 5V, 25 milli-amps signal which

go through the resistor and bias the transistor, which turns ON the transistor there by turning ON
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the Dc Fan. When the voltage signal is removed, the transistor goes OFF there by turning OFF
the Dc Fan.

CALCULATION OF TRANSISTOR BASE RESISTOR

The nominal current of a 5V relay is about 70mA. This value represents the Ic of the circuit,
which is the current flowing from Collector of the transistor to the Emitter of the transistor. To

calculate the resistor needed to bias the transistor at the base we use ohm’s law.

V =IR
R_V
T

In this case, R is Rb, V is the potential difference between Base and Emitter. Therefore,

b_Vb—Vbe
b

But,
Ib = —

Where f is the transistor gain and the value is 200. And Ic is 70mA. Therefore,

b= 70 x10 — 3
200
Ib = 0.35mA

Assuming Vb is 5v, voltage supplied by the microcontroller, Vbe is 0.2v voltage at the transistor

junction.

5-0.7

Rb = 35310 -3

27



Rb = 12.285k,

10k ohms was used as the biasing resistor for the transistor because it is hard to get the exact

12.285k ohms.

BUZA1

BUZZER

] RL1
124
AN ‘ ‘

FIGURE 3.13 RELAY CIRUIT UNIT

3.2.6 SENSORS CIRCUIT

The sensor circuit is a combination of the two-motion sensor and three sound sensor circuits. The
motion sensor circuit detects whether or not there is noticeable motion along it path. If the
motion sensor detects any motion along it path it sends a wave signal to the microcontroller,
while if the motion doesn’t detect any motion along it path the microcontroller doesn’t get any
wave from the motion sensor. When the motion sensor detect any motion it requires a cool down

period for it to be able to adequately sense further motion after a cool down period.

Also the sound sensors send a high signal to the microcontroller it can detect any audible sound

in the surroundings.
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FIGURE 3.14 SENSORS CIRCUIT

3.2.7 LEDS AND BUTTONS
E R8
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FIGURE 3.15 BUTTON AND LED SETUP
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The setup for the Light Emitting Diodes (LED) and buttons circuit is show in the figure 4.3
above. The setup consists of 4 push buttons, four 10k ohms resistors and a 5volts power input for
the Button section. And 3 red LEDs and three 200 ohms resistor for the LED section.

The button circuit uses a pull-up button configuration (ACTIVE HIGH) where the button is
active when its output measures a high signal (2.5V -5.5V). Before a button is pressed or pushed,
the output measured is 0.00 V (LOW). When the button is pressed or pushed, the momentary
voltage measured at the output is 4.98 V (HIGH), Therefore this configuration is considered pull-
up or active high configuration. The 10k ohms resistor connected between output and ground is

to prevent direction current flow from power to ground (SHORT CIRCUIT).

LED RESISTOR CALCULATION

From Ohm’s law;

V=IR W  eeeeeemeeecmeeeeeceeeeeeee eqnl
Ve =Vs—Vled W ---=-mmmmmmmmmmmmmmmmee- eqnl.1
e A eqnl.2

Ve =IR W —=mmemeemeeecececeeeee egnl.3
Substituting egnl.1 into eqnl.3
Vs —=Vled = IR  -------mmmmmmmmmmem e eqnl.4

Make R the subject of formula

__ Vs=Vled
- 1

R

----------------------------------- eqgnl.5

lled =1 W —emcememeeeeeeeeece e eqnl.6
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Substituting egnl.6 into eqnl.5

__Vs=Vled

R =" -rmrmrmssseceoeoeocene eqnl.7

Where;

V = Voltage

Ve = Effective Voltage

Vs = Supply Voltage

Vled = Led Forward Voltage
Iled = Led Forward Current
R = Resistance

From the Equation 1.7 above;

R=_>"2_
20x10-3
Vs =5v
Vled = 2v for red LED
Iled = 20mA — 50mA
R =150 ohms.

Therefore, the resistor used for the LED can range between 120ohms to around 200ohms,

depending on the brightness you want to achieve.
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AC TO DC POWER MODULE

fﬂ‘”
1 FULL CIIiCUIT DIAGRAM

3.16 FIGURE COMPLETE CIRCUIT DIAGRAM

3.2.8 WORKING PRINCIPLE

The project entry point is the power supply which is made up of the combination of an Ac to D¢
power supply module. The 5V is used to power the microcontroller unit, 5V relay the
temperature sensor and every other part of the circuit. When the system comes on, the
microcontroller configures the device and set every necessary data like the waiting period of the

motion Sensors.

When the microcontroller senses audible sounds from using the sound sensors or any motion
from the motion sensors, the controller actuates the relay connected to the buzzer to turn ON the
buzzer and the sound stays ON till the reset button is pressed and a 30min delay is observed

before the sensors are active again to check for sounds and motion.
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CHAPTER FOUR

SYSTEM TESTING IMPLEMENTATION AND EVALUATION

4.1 SYSTEM TESTING

Upon completion of the model, testing is vital to ensure that the system functions optimally
based on the aim of the project. The model contains different components and circuitry that has
to be tested individually and subsequently, together, to ensure that first, the components work
well, the individual circuits perform the function they have been designed to form, and the entire

system function well.

4.2 TEST PLAN
The test plan encompasses all the steps taken in checking the functionality of each module that

makes up the entire system design.

4.2.1 SIMULATION
The test plan begins with a simulation of the complex work using an electronics software called
Proteus. The simulation test result provided assurance that the system design was feasible and

fully functional in its logical decision.
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4.2.2 POWER SUPPLY TEST

W DUTRUT
LMT7E0S

BR1 ) 5V OUPUT

=
T AL
BRIDGE

H
il 2 | amn
&

Figure 4.1: POWER SUPPLY SETUP

The setup for the power supply test circuit is shown in the figure 4.1 above. The setup comprises
of a 220V — 2x15V step down transformer, a bridge diode, a 1000uf 100v filtering capacitor, 3
linear voltage regulators (L7805CV, L7809CV, L7812CV). This test was carried out with no

load connected.

AC SVOLTS 8VOLTS
INPUT OUTPUT OUTPUT
212.35V 5.04V 8.08 V
21557V 5.08V 8.11V
204.17V 5.06 V 8.03V
195.19 VvV 499V 8.01V
188.20 V 497V 795V

Table 1: POWER SUPPLY TEST RESULTS

Table 4.1 shows that there is a negligible voltage drop in the output of all the voltage regulators.
This is because the input AC voltage dropped. From the table above it can be deduced that the
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power supply design will still work fine. Even if the AC voltage input drop significantly to
around 160V from the 220V expected, the voltage drop at the voltage regulators will not be that

significant to affect the system.

4.2.3. RELAY CIRCUIT TEST

The figure 4.5 below shows the setup for the relay circuit, simulated in the Proteus CAD
software. The setup above consists of three 5V 10A relay, one 12V 20A — 30A relay, four
2N3904 NPN transistor and four regular diodes. Considering the setup above, the normally
opened terminal of each relay is connected to a 220 AC input, the normally closed of each relay
is not connected, while the common terminal of each terminal is connected to the load to be

switched.

220 AC INPUT LINE 12V POWER

RL4
1zv

‘ SWITCH CONNECTION SWITCH CONNECTION SWITCH CONNECTION SWITCH CONNECTION

Figure 4.2: RELAY SETUP

The 2N3904 act as a secondary switch to actuate the corresponding relays connected to it which
is the primary switch. For every high signal (2.5 — 5.5 volts) sent to the base of the transistor, the
corresponding transistor ground (sinks) the relay cathode pin and actuate the corresponding
relay. The diode is connected in reverse bias, this is to protect the circuit against transient current
built up in the coil of the relay which can destroy the relay and other components connected in
the circuit. The diode prevents transient by creating a path way for the built-up transient current

to flow in the sudden switching of the relay state (on to off and off to on).
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4.2.4. CONTROLLER TEST
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Figure 4.3: Controller circuit test
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The figures 4.4 shows the setup for testing the microcontroller circuit simulated using the

Proteus CAD software. This set consists of a microcontroller, an LED, two resistors, three

ceramic capacitors, a crystal oscillator and a ground and 5v power terminal from the power

supply. A simple code was uploaded into the controller to control turning ON and OFF the LED

circuit connected to the controller to ensure that the controller circuit is working as intended.
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4.3 BILL OF CONSTRUCTION MATERIAL AND ESTIMATION
Table 4.2 provides a list of all the materials used in the construction of security and alarm system
with sound and motion detectors, alongside the quantity used, and the cost per unit price. Table

4.3 shows the total cost of materials and the total estimate for the project.

S/INO | PARTICULAR RATE AND QUANTITY | PRICE TOTAL
SPECIFICATON RATE AMOUNT
(Naira) | (Naira)

1 Vero Board Strip Pattern 2 500 1000.00

2 Adaptable Box 9.5cm by 15.8cm 1 3000 3000.00

3 Jumper wire 1 yard 1 500 500.00

4 Connector 10 pins 5 300 1500.00

5 Condenser 4 100 400.00
Microphone

6 Microcontroller PIC18F4620 1 10000 10000.00

7 diodes 1A 2 100 200.00

8 Ceramic capacitors | 104 10 20 200.00

9 Small Polarized 50V, 10uf 10 100 1000.00
Capacitors

10 Push button 2 100 200.00

11 Relay 10A, 230V 2 800 1600.00

5V DC

12 Transistor (NPN) | BC547 5 200 1000.00

13 Light Emitting 30mA 5 50 250.00
Diode

14 Buzzer 3V - 24V 1 1500 1500.00

15 Batteries 4V, 800mA 4 1000 4000.00

16 Power Module 12V 2A 1 3500 3500.00

17 Motion Sensor 5v 2 3000 6000.00

Table 4.2: Bill of construction material
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S/INO | PARTICULAR AMONUT
(Naira)

1 Initial Total 35850.00

2 Miscellaneous 10000.00

3 Grand Total 45850.00

Table 4.3: Total calculation
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CHAPTER FIVE
DISCUSSION AND CONCLUSION

5..1 DISCUSSION

This endeavor involves creating an alarm system with sound and motion detectors with
microcontrollers serving as the central control and relays as the switching components. The
initial step is setting up the power supply unit to generate the required 8 Volts DC output.
Following the completion of the power supply circuit, a multimeter test is conducted to confirm

the DC voltage falls within the specified range.

Furthermore, the relay circuit responsible for switching is assessed and found to be functioning
correctly. Challenges are encountered in effectively operating the microcontroller initially.
However, after some persistence, it successfully takes control of the entire switching process.

This functionality is verified through testing the individual circuits of the project simultaneously.

Designing and implementing an alarm system with both sound and motion detection involves
several key considerations, ranging from sensor selection to integration with a microcontroller or

embedded system. Let's delve into the discussion on how one might approach such a project.

For sound detection, a common choice is an electret microphone sensor. This sensor can detect
sound intensity and convert it into an electrical signal that can be processed by a microcontroller.
Alternatively, specialized sound detection modules are available, which simplify the process of
detecting sound events. Motion Detector (Passive Infrared) sensors are widely used for motion

detection.

These sensors detect changes in infrared radiation within their field of view, typically triggered
by the movement of warm objects such as humans or animals. Ultrasonic sensors or microwave
sensors can also be used for motion detection, depending on the specific requirements of the

project.

The microcontroller serves as the brain of the alarm system, processing inputs from the sensors
and triggering appropriate actions. Popular choices for microcontrollers include Arduino boards,

Raspberry Pi, or custom-designed microcontroller units (MCUs). The selection depends on
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factors such as processing power, input/output capabilities, and available libraries or community
support. Sensor Integration Connect the sound and motion detectors to the chosen
microcontroller using appropriate interfaces (analog or digital). Configure the microcontroller to
continuously monitor the sensor inputs for trigger events. Define the logic for triggering the
alarm based on sensor inputs. For example, the alarm could be activated if the sound level
exceeds a predefined threshold or if motion is detected within a specific range. Implement the
alarm output mechanism, which could include sound generation (e.g., through a buzzer or
speaker) and visual indicators (e.g., LEDs). The microcontroller controls these outputs based on
the trigger conditions. Incorporate a user interface for configuring alarm settings, such as
sensitivity levels for sound and motion detection. This could be achieved through physical
controls (buttons or potentiometers) or a digital interface (LCD display and buttons). Ensure
efficient power management to prolong the battery life or maintain operation during power
outages. This may involve low-power modes for the microcontroller and sensors, as well as
considerations for power supply and backup systems. Rigorously test the alarm system under
various conditions to ensure reliable operation. This includes testing sensor sensitivity, trigger
thresholds, alarm responsiveness, and overall system stability. Fine-tune the system parameters
based on testing results and user feedback. This may involve adjusting sensor settings, refining

trigger logic, or optimizing power consumption for extended operation.

Once the alarm system is fully tested and optimized, integrate it into the desired environment and
deploy it according to the specific application requirements. This could include home security,
industrial monitoring, or any other scenario where sound and motion detection are critical for

alarm functionality.

In conclusion, designing and implementing an alarm system with sound and motion detection
involves careful selection of sensors, microcontroller programming, and thorough testing to
ensure reliable performance. By following a systematic approach and considering the key factors

outlined above, one can create an effective alarm system tailored to their needs.
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5.2 CONCLUSION

In conclusion, the design and implementation of an alarm system equipped with both sound and
motion detection capabilities represent a significant stride in enhancing security measures for
various environments. Throughout this project, we have delved into the intricacies of sensor
technologies, circuit design, and software integration to create a robust system capable of

detecting potential threats and alerting users promptly.

By combining sound and motion detection, our system provides a comprehensive approach to
security, effectively covering a wide range of potential intrusion scenarios. The integration of
these features ensures a higher level of accuracy in detecting unauthorized activities while

minimizing false alarms, thereby enhancing the overall reliability of the system.

Furthermore, the flexibility and scalability of our design allow for customization and adaptation
to specific requirements and environments. Whether deployed in residential homes, commercial
spaces, or industrial facilities, the versatility of our alarm system ensures its applicability across

various settings.

As we conclude this project, it is evident that the successful implementation of an alarm system
with sound and motion detection capabilities holds immense potential in safeguarding properties

and enhancing peace of mind for users.

Moving forward, further refinements and advancements in technology will continue to improve
the effectiveness and efficiency of security systems, ultimately contributing to safer and more

secure environments for individuals and communities alike.
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