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- ABSTRACT

The intruder detection and security system here designed and constructed is essentially a three
(3) trigger zone and a five (5) circuit module electronic system with the primary objective of
securing life and property by detecting the operation of an intruder and achieving apprehension
before the intruder is aware of being momtored This securlty system can find use in any
enclosed area or building. The first zone is sound or vibration triggered, this is triggered when
the intruder tries to break in through an entrance. The second is triggered by depressing switches
embedded in an electric mat; this happens immediately- the intruder steps into the building. The
third is triggered when the intruder in an attempt to proceed further into other sections of the
house interrupts an infrared beam. According to design, the triggering of the first, second and
third zones is indicated by three (3)light emitting diodes-(LED), radiating yellow, green and red
pilot lights respectively. In addition, the triggering of these zones generates a tone that is
amplified and transmitted by an audio- radio frequency transmitter system that transmits the tone
at a modulated frequency. Hence, the alarm can be received remotely by security officers with
receivers tuned to that frequency and within the range of transmission. After testing, the
triggering of the individual zones was indicated by a lighting of each of the LED’s sequentially
as expected. Also, after powering the transmitter, with a pure DC source, a power of about
3.45W was found to be generated in the transmitter by calculation and a signal of 96MHz was
received clearly over a range of about 150meters.
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CHAPTER ONE

1.1  GENERAL INTRODUCTION
By way of introduction the title of this project is the design and construction of an

intruder detection and security system.

As developing countries like ours climb up the ladder of civilization and as developed
countries try to hit the apex of the same, there is one common denominator that ranks high in
demand and that is security. Its e;(pedience cuts across almost every ramification of human life
and activity; the neglect of which puts all developments or structure at the risk of being

undermined. A few arcas where the need for security cannot be overemphasized include:

L Communication: This is a major sector that continuously needs an upgrade of security

measures to curtail the intrusion into restricted arcas. For example the internet:

Here, all internet users are compelied to be engrossed in the unending war against
hackers, virus developers, online Spy, electronic money robbers and the likes. Some of
the security agents in place include antivirus, firewalls, Spywares, encryption software,

etcetera. However, the challenge only remains suppressed and not solved.

2 Transportation: Virtually all aircrafts, land vehicles, trains, water boats, and ship
manufacturers are by the day beefing up security systems to counter the teaming horde of

intruders all around. Metal detectors, touch scisors, temperature sensors and others are

some of the parameters that have been used to provide security for automobile systems.




3. Housing: To the common majority, this looks lite the most obvious- being the one that
touches a larger generality especially around this part of the world. All houses, buildihgs
and enclosed areas need security. This is necessitated by the unfortunate hike in the cascs
of burgling, robbery and other forms of assauiis that breach the boundaries of privacy and
fundamental human rights.

As a students of electrical and Computer engineering and as a concerned citizen of the

World, the aforementioned need for security and the numerous unmentioned, provided the initial

nudge to join the fight against insecurity- hence my project topic.

AIM AND OBJECTIVE

The primary objective of this project is to secure life and property by detecting the operation of

an intruder in any enclosed area or building and achieving easy apprehension.

Other objectives are:

* To reduce to barest minimum the occurrence of false alarms by operating muluple trigger

!.o

zones.

® To realize the system design using simple- basic electronic component

This particular security system has a unique feature: the burglar or intruder would not
have any suspicion of being monitorcd while in operaticn and so, apprehension of the culprit

would be sudden and iather unprécedented. This is made possible by not locating the output

indicators (light emitting diodes ‘LED’ and alarm) at the burgling site or point of entry.




1.3 METHODOLOGY

This project is a siimple sceurity system that operates three (3) trigger zones and five (5) circuit
modules altogether. In the design, the first module is the power supply unit which is basically an
AC rectification module that receives about 220V ac from mains and delivers 9V ac rectified
which powers the system. The second module con;ists of a vibration or soun{d triggered circuit
which is triggered when the intruder tries to break in through an entrance. This is achieved using
an electrets microphone which picks the picks the sound pressure as a physical signal and
converts it to an electrical signal. The third module consists of an electric mat/step switch circuit
which is triggered by depression when an intruder steps on it. When this happens, a low pulse is
sent which triggers the 555 timer 1C. The fourth module of the system is an infrared transmitter
and receiver based circuit which is triggered by passage when an intruder interrupts the infrared
beam between the transmitter and receiver. ‘The fifth and final module is a simple audio- radio
frequency transmitter that sends a tone signal at a particular frequency band within the FM
bandwidth. The tone is generated by an oscillation set up by an astable configured 555 timer IC

and is transmitted by an LC tank circuit. The whole system is powered by a 9V source.

1.4  SCOPE OF THE WORK

This. intruder detection and security system can only be used in and enclosed area or
building. The systen operates three (3) sensor zones designed with an intelligent counter
approacii tw the mode of operation of an intruder. The operation and outputs of ihe trigger zones
are 555 timer controlled. In other words, the various stages operate on either the astable or latch

multivibration operation modes of the 555 timer IC.




i

The system also incorporates into it an audio- radio frequency tone transmitler circuil.
However, this system does not include the radio frequency receiver. Hence, extensive theoretical

and mathematical discussions are not very well covered in this work.

The block diagram of the system is shown beiow;

Power
supply unit

Vibration/ sound
triggered circuit

Electric mat/step
switch circuit

A

Infra-red Audio- radio
transmitter and »| frequency signal
receiver circuit transmitter

FIG 1.1 Block diagram of an intruder detection and sccurity system




CHATTER TWO (2)
LITERATURE REVIEW

2.1  INTRODUCTION
An intruder security or detection system is a network of electronic components
intelligently connected to sense the presence of an intruder and raise a form of alarm to that

effect; either directly or wirelessly.

2.2 A BRIEF HISTORY OF ELECTRONIC BRASED SECURITY SYSTEMS

The evolution of security systems cannot be exactly traced, but as long as man has
existed, security has always topped the list of his dare needs. Now, coming to electronic based
security systems, we can say a feWISpeciﬁc things here. As a matter of fact, the use of basic
electronic components to construct intruder detection or securi}y systems is almost as old as the

evolution of electronics technology, dating as far back as the 19" century.

Before the evolution of electronic burglar alarm, people uséd diffefent techniques to
forestall attacks from enemies. In the years before 1000BC many cities had watch towers at
which watchman were located to keep watch or vigil over the city. In the event of approaching
dange'r, the watchman signals the city or raises some form of alarm to get the people alert.

Besides, each household had a system for ensuring security against intruders.

Another ancient but fairly recent non electronic method of intruder detection was the use
of animals- particularly dogs, to track down on intruders. Usually, it is a traditional belief that
dogs perceive smell and/or sig,ht the presence of intruders and by barking, they raise an alarm to
signal their presence. Also, the domestic use of vigilante or watch guards who signal with a

whistle, the presence of an intruder was also common place. All these ancient and medieval
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techniques had their limitations- particularly tlicy required so much of human attention and

monitoring.

The invention or manufacture of electronic alarms dates back to February 21, 1858. This
from history is accredited to Edwin Hohﬁes. He developed ;:vhat can be considered the first
electric home burglar alarm system. Usually, when a door or window is opened, a spring is
released that closes an electric circuit and then a bell would ring. He installed this first alarm

system in Boston.

Since then, different burglar alarms or intruder detectors have been designed and

constructed using diverse sensors and electronic configuration.

2.3 TYPES OF INTRUDER OR ALARM SYSTEMS
Detector alarm systems are very common in our world of today. Some of the very common ones

inciude:

1. Motion detectors

2. Professional burglar alarm

3. Anti — theft car alarm

4. Photoelectric cell burglar alarm.

5. Intruder detector alarm system.

2.3.1 MOTION DETECTCR BURGLAR ALARM
This is a type of electronic security device that senses movement usually in enclosed or

indoor arcas and then triggers an alarm. Passive infrared motion detector burglar alarms are




sensitive to infrared wavelength of energy it is not visible o the natural eye. It senses the heat
that a human emits and has tenses that enables it to view an area as several distinct zones within
the range of the detector. There zones spread out vertically and horizontally from the detector
lens as a series of finger like area, fanning out from the lens across the protected area and down
to the floor. The electronic circuit enables the detector to recognize the usual amount of heat

usualiy present in the area; hence, when an intruder enters, the heat from the intruder’s body adds

to the amount to heat initially present.

2.3.2 ULTRASONIC MOTION DETECTOR BURGLAR ALARM

This is an older burglar alarm technology in which sound of very high frequency is used
to detect motion. Here a transmitter sends out sound of a frequency that is too high for the human
ear to hear. A receiver picks up the sound waves reflected from the area under protection. The
motion of someone or something in the space between the receiver and transmitter will cause
change in the frequency of the sound. A circuit in the system detects any unusual shift in the
frequency known as dopper effect and the device triggers the alarm. Usually, a small shift such
as that produced by a device triggers the alarm. However, small shifts such as that produced by
an insect is ignored but such as that produced by a moving person is detected. (Ref: Steven R.

Keller).

2.3.3 INTRUSION DETECTION ALARM SYSTEM

This intrusion detection system alerts you as unexpected guests approach your property. The
system consists of two basic components; an infrared sensor and a radio wave tisusiniier. First

the infrared sensor detects the presence of a vehicle or person through heat and motion and then
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transmits a radio signal of about 300MHZ to the receiver in the house which sounds the alarm. It

Thas an exceptional range of up to 1500ft. The sensor has an adjustable field with a 30ft detection

zone and is powered by a 9 volts battery. The receiver / alarm unit is plugged into a standard

electrical socket outlet inside the house. Upon receipt of the transmitted signal from the sensor

unit, the receiver sounds its alarm and activates an LED light for 5 seconds and then resets itself.

2.3.4 PROFESSIONAL BURGLAR ALARM

This is a burglar alarm system that is triggered when a prptective circuit is broken. The
technology requires that a window foil is used, and the window foil ‘breaks’ a circuit
immediately the window glass is broken. This professionat burglar alarm can be used to protect
doors, windows or glass. All protective doors and window circuits are normally closed series
connecied so that an opening of any protective device will trigger the alarm. Immediately the
alarm is triggered, it can only be turned off by opening the master switch. The recommended

supply is an AC powered 6V DC source or a lantern battery.

2.3.5 PHOTOELECTRIC CELL BURGLAR ALARM

The photoclectric cell which is popularly known as the electric eye is usually employed in
operating burglar alarms. A phototube which may be invisible (o the eye forms an essential part
of the electric circuit. Light is produced by a bulb at one end of the circuit and it falls on the

phototube located some distance away. Interrupting the beam of light breaks the circuit and this
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in turn causes a relay to close which then energies the burglar alarm. This circuit is used for

intruder detection.

2.3.6 MODULAR BURGLAR ALARM

This particular burglar circuit features automatic exit and entry delays and a timed bell cut-off. It
has provision for both normally closed and normally open contacts, and a 24-hour personal
attack / tamper zone. It is connected permanently to a 12volts supply and its opcration is enabled
by opening a switch. To set this system, the green LEDs should be lighting before you open the
switch. You then have up to a lpinute to leave the building. As vou do so, the buzzer wiil sound.
It should stop sounding when you shut the door behind you. This indicates that the exit / entry
loop has been successfully restored within the time allowed. When you re-enter the building, you

have up to about Iminute to turn the switch up. If any of the switches in the normally closed loop

is open by any intruder, the resistor (R) will trigger the SCR and the bell will ring.

2.3.7 FIVE (5) ZONE ALARM SYSTEM

This is a complete alarm system with 5 independent zones suitable for a small office or home
environment. It uses just 3 CMOS ICs and features a timed entry / exit zone, 4 immediate zones
and a panic button. There are indicators for cach zone, and a system armed indicator; each zone
uses a normally closed contact. This can be m?cro switches or standard alarm ciicuits (usually
read switches). Suitable switches can be brought from alarm shops and concealed in door frames

or window ledges. Zone 1 is a timed zone which must be used as the entry z:id cxii point of the




building. Zones 2 — 5 are immediate zones which will trigger the alarm with no delay. Some RI
immunity is provided for long wiring runs by the input capacitors, Cl1 — C5, C7 and R14 also

form a transient suppressor. The key switch acts as the set / unset and reset switch. For good

security this should be the metal type with a key.

2.4 PECULIARITIES OF MY INTRUDER DETECTION/SECURITY SYSTEM

The various types of electronics based burglar alarm or intruder detectors as discussed briefly
above, have different principles of operation when considered in detail. However, a common
principle that applies to all of them is that there is always a primary circuit(s) that serves as
sensor or detector of any other form of indicator. All other differences are rather extra-curricular

to this fundamental principle.

ilaving established this fact, [ would qﬁickly admit that the principles of operation of my project
still subscribes to this common underlying principle of all burglar / intruder éecurity systems.
However, being an original work, here are some peculiarities and of course preferences my

project work presents.

2.4.1 ASYNERGY OF MULTI TECHNOLOGIES OR PRINCIPLES

Due to the fact that most of the available burglar alarm circuits make use of a single technology
or single detection circuits, they are quite unreliable and often prone to false alarms. Many times,
only one parameter is not enough to ascertain that a burgling operation is in process as most of

those circuits pre-suppose. However, my project provides three (3) stages of intruder detection
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using three parameters namely sound/vibration, match/ step pressure and motion detectors. This

places it at advantage to many others.

2.4.2 CONCURRENT USE OF VISUAL/AUDIO INDICATORS

Earlier works on burglar alarms as discussed earlier only adopt either of the sound alarm or LED
indicator; only a few make use of both at the same time. My design of an intruder security puts
into use three different LED lightings for each of the trigger zones and further complements it

with a sound alarm, just incase the LED light indicators don’t suffice.

2.4.3 TRANSMISSION OF SIGNALS TO A ‘REMOTE’ LOCATION |

Another rare feature in mry project design is the intelligent separaitio'n of the secondary or output
-circuit from the trigger circuit. By this [ mean the LEDs that indicate security breach are not
located at the sité of the breach, but are wired to a remote security post. Also, instead of the
alarm or sound buzzer residing within the intiuder’s hearing range, the signal is transmittéd ata
fixed frequency that can only be received by security officers with receivers set to that

frequency. Hence, the burglar is completely oblivious of the entire security arrangeinent.

2.4.4 UNIQUE CIRCUIT DESIGN

Apart from the aforementioned peculiarities discussed, the entire circuit design adopted in this

project is uniquely different from others. Here, we have the predominant use of very simple
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clectronic components like the 555 timer, diodes, transistors, resistors and capacitors among
others. A design requiring this kind of outpﬁf would have required thé use of digital logic
circuits, micro-controllers among others. However, this project adopts a simple design and use of
simple and readily available electronic components. Below is a concise theory on the application

of some of the components used.

2.5 DISCUSSION OF SOME COMPONENTS USED
2.5.1. THE TRANSISTOR

The transistor was developed at Bell Telephone Laboratories by the American physicists Walter
Houser Brattain, John Bardeen, and William Bradford Shockley. The invention of the transistor
in 1948 was a turning point i’n the history of electronics. Transistors are composed of a
semiconducting material- that is, a substance that can act as either a conductor or an insulator.

Transistors quickly replaced vacuum tubes for amplifying electronic signals in devices

In the transistor, a combination of two junctions may be used to achieve amplification. One type,
called thc.?»n-p-n junction transistor, consists of a very thin layer of p-type material between two
sections of n-type material. The n-type material is the emitter element of the transistor,
constituting the electron source. To permit the forward flow of current across the n-p junction,
the emitter has a small negative voltage with respect to the p-type layer, or base component that
controls the electron flow. The n-type material in the output circuit serves as the collector
element, which has a large positive voltage with respect to the base to prevent reverse current
flow. Electrons moving from the emitter enter ihe base and are attracted to the positively charged

collector, and flow through the output circuit. The input impedance or resistance to current flow,
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between the emitter and the base is low, whereas the output impedance between collector and
base is high. Therefore, small changes i the voltage of the base cause large changes in the

voltage drop across the collector resistance, making this type of transistor an effective amplifier.

Similar in operation to the n-p-n type is the p-n-p junction transistor, which also has two
junctions and is equivalent to a triode vacuum tube. Other types with three junctions, such as the

n-p-n-p junction transistor, provide greater amplification than the two-junction transistor.

Fig.2.1 shows the transistor as a switch.

IcRc

Ib

[

(Rb

'\\\VBE
S

Fig. 2.1 transistor as a switch
2.5.2. THIE 555 TIMER IC

The 555 monolithic integrated circuit timer was first introduced by Signetics Corporation in
1972 in bipolar technology. It quickly became an industry standard for timing and oscillation

functions. Many manufacturers produce a version of a 555 1C, some in CMUS technology. The
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555 timer is a gencral purpose IC that can be used for precision timing, pulse generation,
sequential timing, time delay generation, pulse width ;nodulalion, pulse position modulation, and
linear ramp generation. The 555 timer can operate in both astable and mon;)stable modes with
timing pulses ranging from microscconds to hours. It also has an adjustable duty cycle and can

generally source or sink output currents up to 200mA. Its functional diagram is shown in fig. 2.2

vVCC
R )
i Bl 8-
RS'I oulr | ————
'Lj DIS
TR
R J TR
. J -
L e GIND
L& e =2

I'ig.2.2 functional diagram of a 555 timer 1C

2.5.3. THE LIGHT EMITTING DIODE (LED).

The Light-Emitting Diode (LED) is a device that cmits visible light or infrared radiation when an
clectric current passes through it. LIEEDs are made of semiconductors, or electrical conductors,
mixed with phosphor substances that absorb clectromagnetic radiation and reemit it as visible
light. When electrical current passes through the diode the semiconductor emits infrared

|
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emission is useful for indicator lamps and alphanumeric displays in various electronic devices
and appliances. Devices such as remote controls and cameras that focus automatically use
infrared LEDs, which emit infrared radiation instead of visible light. Light-emitting diodes use
the properties of electroluminescence, in which certain substances emit electromag.netic radiation
when excited by the flow of an electric current, and fluorescence, in which some substances
absorb wavelengths of electromagnetic radiation other than visible light and reemit the radiation :
as visible light. When charged particles such as electrons pass through certain semiconductors,
they boost to higher orbits one or more electrons in some of the atoms i the semiconductor.
When these electrons fall back to léwcr orbits, the atom emits infrared radiation. When this
radiation strikes a phosphor atom, clectrons in the phosphor atom jump to higher orbits. The

phosphor atom emits visible light when the electrons fall back to a lower orbit.

2.5.4. THE RESISTOR.

The resistor is a component of an electric circuit that resists the flow of direct or alternating
electric current. Resistors can limit or divide the current, reduce the voltage and hence protect an
electric circuit. Resistors are designed to have a specilic value of resistance. Most resistors used
in electric circuits are cylindrical items a few millimeters long with wires at both ends to connect
them to the circuit. Resistors are often colour coded by three or four color bands that indicate the
specific value of resistance. Some resistors obey Ohm’s law, which states that the current density
is directly proportional to the electrical field when the temperature is constant. The resistance of
a material that follows Ohm’s law is constant, or independent of voltage or current, and the

relationship between current and voltage is linear. Resistors can help divide voltages, and when
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combined with other elements can help convert voltages for a specific electrical design. Resistors

can also be used to provide intense light or heat.
2.5.5. THE CAPACITOR.

The capacitor or electrical condenser is a device used for storing an electrical charge. In its
simplest form a capacitor consists of two metal plates separated by a non conducting layer called
the diclectric. When one plate is charged with clectricity from a direct-current or electrostatic
source, the other plate will have induced in it a charge of the opposite sign; that is, positive if the

original charge is negative and negative if the charge is positive.

Capacitors are limited in the amount of electric charge they can absorb; they can conduct direct
current for only an instant but function well as conductors in alternating-current circuits. This
property makes them useful when direct current must be prcvenfed from entering some part of an
electric circuit. Fixed-capacity and variable-capacity capacitors are used in conjunction with
coils as resonant circuits in radios and other electronic equipment. Large c:;lpacilors are also
employed in power lines to resonate the lead on the line and make it possible for the line to

transmit more power.

Capacitors are produced in a wide variety of forms. Air, mica, ceramics, paper, oil, and vacuums

arc used as dielectrics, depending on the purpose for which the device was intended.
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CHAPTER THREFE (3)

: DESIGN ANALYSIS.

3.1 THE POWER SUPPLY UNIT

For the circuit we would require a 7809-voltage regulétor as shown in the figure below, which
gives a required output of 9V. The voltage regulator regulates input voltages above its required
output voltage. If the input voltage is below its required output voltage, it would be passed out

without been regulated.

The power unit involves the transformer-bridge rectifier circuit. A 12V transformer is

used to provide power to the 7809 regulator, which produces regulated 9V.

The common bridge rectifier, comprising four rgctifying diodes, is used fgr converting the 12V
ac power supply into a corresponding roughly 12V dc voltage. The ripple involved at the output
of the bridge rectifier is ﬁltered through a lOOOuF, capacitor. Tl{e voltage rating of the capacitor
is made much higher than the expected output voltage of the rectifier, to protect the device from

the effect of high voltage supply.

A power switch was used to open and close the complete circuit when required. The 7809-
voltage regulator is connected in parallel across the rectified voltage output. The devices are
aimed for stability of the complete circuit. The 9V power supply [rom the 7809 is connected to

the main circuit.
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FIGURE 3.1 POWER CIRCUIT

Moreover, the power circuit is designed to have an auxiliary source provided by a 6Vbattery.
This battery serves as backup when the ac main supply fails. The ac power from main supply-
220Vac is stepped down to 12Vac and then rectified using bridge rectification achieved by D1,
D2, D3 and D4. During the positive half cycle, D1 and D2 conducts and during the negative half

cycle; D3 and D4.

AWAWAWAWARY
\VAAVAAVARVARV/

FIGUURE 3.2 AC SOURCE SIGNAL
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D1 Y D3
D2 | D4

FIGURE 3.3 RECTIFIED SIGNAL

The rectified signal is then filtered to remove the unwanted ac ripple using a filter capacitor. The

resultant wave form is as illustrated below:

FIGURE 3.4 FILTERED WAVEFORM

At this point, the voltage is now regulated using the 7809 regulator for charging the battery
through IN4001 diode. The IN4001 diode prevents feedback from battery to the source to avoid

running down the battery when the main power fails.

Below are some power supply calculations:
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J.1.1  Analysis of Power Supply

If the unregulated input of the 7809 is greater than the required output by a factor of 4, that is
9+4=13, the voltage regulator IC, starts getting hot and will be damaged. Hence we will assume

an input into the 7809 regulator to be approximately 12V,

Since each diode drops 0.6V and we have 4 rectifying diodes forming the full wave bridge, the

voltage drop will then be 0.6 x4 =24V
For a peak voltage of 12+2.4=14.4V peak.

For the r.m.s voltage = —lﬁ=llif= 10.2857V

V2
Hence a transformer of a preferred value of 12V was employed. l.e. 220V/12V transformer
3.2 CIRCUIT ANALYSIS.

The circuit was built using widely the integrated circuit (IC) known as the 555 timer. The 555
timer is a time dependent IC which can be configured to operate in different forms such as

astable, monostable, multivibrator, and also as a latching device.

3.2.1 Astable Operation of 555 Timer

Astable multivibrator also known as the free running vibrator is achievable with the time

dependent 1C- 555 timer. The configuration is shown below:
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FIGURE 3.5a THE CONFIGURATION OF A 555 TIMER

When the circuit is powered, the capacitor ¢l begins to charge through R1 and R2 until the
voltage at the Threshold pin (pin6) reaches 2/3Vee. When this occurs, the internal comparator of
the IC toggles the flip flop embedded inside the 1C and changes the state of the output pin (pin3)
from logic 1 to Logic0. Also, the state of the internal NPN transistor’s base changes from logic 0
to logicl. As a result of this, the internal NPN transistor is being forward biased and discharges
the capacitor gradually through resistor R2 because the collector pin of the transistor is |

connected to the discharge pin (pin7) and emitter to the ground.

After each cycle when the voltage across the capacitor falls to 1/3Vee, the circuit sustains the

oscillation.

The time of change and discharge of the circuit is calculated below:
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FIGURE 3.5b OUTPUT PULSE OF AN ASTABLE 555 TIMER

Thign is the time taken for the capacitor to attain its threshold voltage. It is calculated thus;
Thign=0.693(RI+R2) C1 . . . (3.1)

Thow is the time taken for the capacitor £o discharge to 1/3Vce

Tiow=0.093(R2)C1 . . . (3.2)

Therelore, the period of oscillation is given as:

T= T+ Tiow » - « (33)

T=0.693(R1+R2) C1 + 0.693(R2)

T=(0.693R1 +0.693R2) C1 + 0.693R2C1

T=0.693R1CI +0.693R2C1 +0.693R2C1

T=0.693RICI + 1.386R2Cl

T=0.693C1 (R1+2R2)

The frequency of oscillation is given as

F= 1T

F=1/0.693(i+2R2) C1
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F= 144/ (R242R2) C1 . . . (34)

3.2.2 Monostable Multivibrator Operation Of 555 Timer.

Monostable multivibrator also known as one shot timer is realized using the 555 timer IC. The

configuration is as shown below:

vCcC
§ R 1 vecoe
) RST T e
DIS
N THR THIGH

l TERTI
e 621 —_—

GND
—_—C2

FIGURE 3.6 MONOSTABLE OPERATION OF A 555 TIMER.

s

When this circuit is triggered, the output goes high for a predetermined time interval calculated

as follows:

Thigh-:l.]RlCl. s a w (3.5)

3.2.3 Latch Operation Of 555 Timer.

23




FIGURE 3.7 LATCH OPERATION OF A 555 TIMER

When this circuit is triggered its output goes high and remains high because there is no capacitor
or any source to set pin6 (threshold pin) to 2/3Vee which causes a toggling of the output. As a

result of this, the output remains high until the timer is being reset through pin 4 (reset pin).
3.3 THE GENERAL CIRCUIT OPERATION.

The circuit comprises of four sections that make for efficient and effective intruder detection.
These are the sound detector section, the match/step section, the infrared-detector section and the

audio- radio frequency (RF) transmitter section.

3.3.1 The Audio Detector Section.

Considering an audio alert system, when an intruder tries to break in through the entrance, the
electret microphone picks the signal (sound) and triggers the latch configured 555 timer IC1 and
this keeps the pin4 (reset pin) of IC2 (astable multivibrator) high/set. This oscillator causes a

steady blink of the yellow LED- indicating that an intruder has started breaking an entrance.
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This is achieved with the use of a transducer called electric/condenser microphone. This device

» picks the sound pressure as an analogue or physical signal and converts it to an electrical signal.

R1 R4 LR3
2 2.2NEN 0kQ2 LR6
_y2 Stk © w3 LED1
BQ vee vee RS ﬂﬂ
RST our |3 41 psT our L__/\/V\,____N_____.
R5 Cc1 pIS [ S 1 1kQ

.
4
2|

: & { THR §$7 THR

4.7kQ 10nF : TRI < TRI

3 R2 -————-It CON CON ’
1kQ GND L GlD
T B LM555CN }1:%4 G [ Lmss5CN

= 10nF

.
‘a
-

FIGURE 3.8 CIRCUIT DIAGRAM OF AUDIO DETECTOR MODULE

For effective operation of the electric microphone, the microphone is forward biased through
resistor R3. The forward current for the microphone is about 3mA (as provided by the

manufacturer).
Now to calculate for R3 we apply Ohm’s law V=IR
Where V=9V, I=3mA,

and R= V/I = 9/3 =3kQ + 10%. Choosing a nearest value of 3.3k}

This signal current from the microphone is then reduced by the 4.7k resistor in order to achieve

an audio level which is coupled by the coupling capacitor C2. This coupling capacitor gives

>

room for the ac signal to pass and rejects the dc signal

We then have the class AB amplifier designed using resistors RS, R6 and R7 as follows:
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Given that the transistor TR has a current gain (§) of 100

Therefore, Ic/lb=p . . . (3.6)

Applying KVL we have Vee-IIRS-1bRe=0 . . . (3.7) b
Ib=Vecec .R6/R5+R6 . . . (3.8)

In=n2+13 ... (3.10)

For a small collector current Ic of 0.37mA (small trigger current)

Ib = I¢/B=0.37/100 = 0.0037mA

From equation (3.11)

Ib = Vee/(10R6+R6) = Vee/l IRO

Therefore, 0.0037mA’ = 9/11R6.

11R6=9/0.0037
R6 =9/(11x0.0037) = 221.1k =~220kQ

. since Rs = 10Rg = 10 x220kQ = 2,2 MQ

Applying KVL to obtain R5.
Vee-Vee-IRi=0 . . . (3.12)

Since Vce = Vee/2 =4.5 ’
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Ov-45-037R, =0

4.5=0.37 Re

4.5/0.37 =R¢

i2.16 =R,

=10k

I‘or the astable multivibrator

VCe

RST our fd—

DIS

THR

TRI

2 con

GND

+| C3 T
10uF-POL =

FIGURE 3.9 ASTABLE MULTIVIBRATOR FOR THE AUDIO DETECTOR SECTION.

Choosing a low frequency of 0.5 hz.
For capacitance value of C3 = 10pf.

.:from equation (3.4)
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po L4t
" (RL+ R2)CL

0.5 = LA4/(R1+2R2)10x10°
R1 -+ 2R2 = 1.44/(0.5x10x10°)= 288,000L.
Choosing R1 = 100,000 = u;om
2R, = 288000 — 100,000
= 188,000

Ry = 18800/2 =94000 = 94 k €2

Choosing R, = 100 k

144
o F =

= —— =048H:z
(R1+2R2)C1

3.3.2 The Step/Match Switch.

In any electrical/electronic circuit, there is a need for switching to allow current flow or
triggering. Switching applications depend on the current flow through the circuit. A high current
flow requires a high capacity/ rated switch which could be in form of electrostatic,

electromagnetic and mechanical switch.

In this design, the push-to-make (Tap switch) is a small mechanical switch that is very sensitive

when depressed. Essentially, the design is achieved by connecting t he switches in parallel to
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each other. This 'way, when any of the switches isalepressed by an intruder, trigger will be sent to

>

the oscillator hence, it is indicated on the pilot light (amber).

' %mﬁn ©__Us LED3
R9 s U4 > W R12 ¥
b 100kQ vee C ouT frosmmmn e
W Y ¥ | os 1000
2 p1s 6 { R
\ LR11
'ﬂ TR §100kn - TRI
21 tri CoN
a con ] @D
ﬁ l C5 GND +| C7 Cé6 ' 1 J§M555CN
T1°IIF 1 LM555CN :I:1UF TZZmF
| —0 O0—
= Key = Space

FIGURE 3.10a CIRCUIT DIAGRAM OF STEP/MAT SWITCH MODULE

3.3.3 Infrared Transmitter Section.

In this section, the system has an infrared (IR) transmitter oscillator, beaming at a high frequency
of 38kHz. The transmitter is designed to operate in 38kHz which is the band frequency for most

IR receivers. The oscillator circuit is designed as follows:

J2
—lo—
——0
n i
. . ! S1
R17 D3 LCoun!OFF 'Dz| |
208 RALeps 2 1N4148 o | 1Natas
" v/
s Ue ALED4 "
L %) Q4 M u7 Qs
. Q2 a3 ﬁ-kQSO . me R19 :
IS R16 ; 51 P 1kQ 'l
; - s 945 & | o BSS82C
TRI 2 { tr1
CcoN 24 con
GND
1 GNDY
! LMS5S5CN ggl;i 1 LM555CN
T ] co '
_I_10nF
= I

FIGURE 3.10b INFRARED TRANSMITTER AND RECEIVER CIRCUIT

For F=38kHz. C4 = 0.01uf, Tign =0.693 (Ri0)Cs . . . (3.13)
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Choosing Ry = kL2 we can obtain Vg set value.
Thigh = 0.693 (1x10%) x 0.01 x 10° = 6.93x10sec.

. ... (3.15)

= Thigh+Tiow
38x10° = 1/(6.93x10° + Tioy)
0.26334 + 38x10°T}py = 1-0.26334
Tiow = 0.73666/38x 10> = 2.05x 10 sec.
2 Tiow = 0.693 (Vr1)Cy
2.05x 107 = 0.693 Vi x 0.01x 107

Vit = 2.05x10°5/(0.693x0.01x10)= 2,958k

=3kQ
3.3.3 The Infrared Receiver Section

The IR receiver sensor used is the IR diode which is connected in reverse biased mode. When the
IR diode in the receiver module receives infrared bcz;m, it allows current to cross its junction and
thus provide positive current for the base of the NPN transistor TR2. This transistor turns on and
provides a negative current for }he PNP transistor TR3. TR3 then conducts and sets pin 2 of the
555 timer above 1/3Vce. Moreover when this happens, there will not be any triggering hence, its

output remains at low state.
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Hence when an intruder interrupts the IR beam, the base of transistors TR2 and TR3 goes off and

the (wo transistors go into conduction state. Then pin2 receives a negative trigger through the

39K resistor.

This allows conduction when the diode receives an infrared beam. This beam is amplified by a

iransistor. Tro and Trs. The 39k resistor helps to trigger the 1Cs when beam is cut ofT.
3.3.4 The Radio Frequeney Tone Transmitter

In every radio frequency transmitter, the important circuits that help to achieve workability are;

the audio circuit, the oscillator circuit, the amplifier circuit and the tank circuit. This is so if the.

signal involves the determination of its bandwidth, signal strength (amplification), its frequency

and wavelength.

The alarm/tone transmitter is achieved using the frequency modulation (FM) transmitter. The

modulation involves changing the low frequency of the information carrier (audio or tone signal)

?

by allowing it to pass through a high frequency oscillator so that it can be transmitted or carried

by an antenna.

In this project, the design implementation was achieved using a 555 timer IC operating in an

astable mode with 50% duty cycle as shown below.
For a low frequency of 500Hz, choosing C = 0.1puf
The unknown value R is calculated as

F=1/T where T = tyjgh + tiow = 50% duty cycle.

T=RC+RC=2RC
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F=1T

500 = 1/2RC

RC = 1/(2x500),

R = 1/2C. 500 = 1/1000C = 1/(1000x0.1x10°)
R = 1/0.0001 = 10000€2 =10K

Since the oscillator maintains a stable frequency irrespective of change in voltage. The
modulation is achieved by the generator, but for a stable oscillation feedback is required and this .
is achieved by choosing a high resistor that will provide a small signal current to the input of the

~ amplifier. This is achieved using a 100k resistor.

Therefore a current of 0.6mA to the signal amplifier, we have:

Vee — Vee —IcRe =0

Where Vec =6v, Vce = %(Vce) =3v

6-3-0.6Rc=0, 0.6Rc=3

Re= 3/0.6 = 5k (choosing the nearest.value =4.7k £10%)

Signal Amplifier: This is achieved using a high frequency transistor of 250MHz and current gain

ol 200mA. The choice of transistor is 2N2222.

Veo

Ri+R2 ° R2

Choosing a base voltage of 2v, Vb. =

Choosing R1 >> 3R2 (we can choose R1 = 10k).
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20 + 2R2 = 6R2
R2 = 20/4 = 5k (choosing R2 = 4.7k 4:10%)

1

Tank Circuit: = = (choosing a frequency band of 96 M1z and inductor value of 0.2pH)

MPLC=1, C=1/@7rL)
C=1/(4% 3.142% (9.6 x10°*x 0.2 » 10°)

C = 13.739pF (Note: with the help of Variable C, frequency range could be changed incase of

relocation)

To calculate the amplification current Ic we calculate the reactances of the inductor and capacitor
Xp=2nfl = 21 x 96x10° 0.2 x 10 = 120.637Q

Xe=1/(2n x 96 x 10° x 13.739 x 10'?) = 120.668¢2

Therefore X, = Xc¢

Since R and C are in parallel, the total.impedance is given as

Z=X;.Xe/ (X1 + Xc)

_120.637 X120.668
120.637 +120.668

Z = 60.3261.
Therefore, Ic = Ie
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Vee- Vee- IeZ-1eR3 =0 and le=lec =1 :
6 3 060.3261--2201 =0, 3--280.3210

1 3/280.32 ~ 10.7mA.

Therefore the power of the transmitter is P = 1Z. afler substituting for 1 and Z , we have the

power as = 3.45W.
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L3 ’ L1
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10k el U0 10ur —— JL&:FJ
I 4 N ) e T
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FIGURE 3.11 AUDIO- RADIO FREQUENCY TRANSMITTER CIRCUIT
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CHAPTER FOUR (4)

CONSTRUCTION, TESTING AND RESULT

4.1 CIRCUIT CONSTRUCTION

The construction of the intruder detection system was carried out by a process of component to
component connection in accordance with the design of the system circuitry. First of all, it was
ensured that the various components required for the construction were economically purchased
and professionally tested- using a digital multi meter to ensure that they wére in good working
condition. Also, the accuracy of the values and polarity of the respective components were
asceitained using the digital mult’i-meter as well as other signs and codes. Moreover, a duplicate

of most of the components were also purchased alongside to make for easy replacement in the

event of damage of any component.

4.1.1 Breadboard Implementation.

As a preliminary step, the system circuitry was first implemented module by module on a
breadboard. This was necessary for prior testing for workability before carrying out a final

implementation on a Vero-board.
4.1.2 Vero-board Implementation.

Subsequent upon a successful implementation on the breadboard, the components were then

transferred and intelligentiy mounted on the Vero-board with strict adherence to the system
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design and circuit diagram. Each component after the other was carefully connected and affixed
to the Vero-board by means of appropriate lead-soldering. This was carried out module by

module for easy analysis of the system circuitry. Some of the tools used to make for neat and
effective connection include: Soldering leads, Electric soldering iron, Sucker, Cutting scissors,

Sand paper, Pliers, Digital multi-meter, Brush, Celotape, Cutting knife, et cetera.

Below is a photograph picture of the entire system circuitry:

FIGURE 4.1a FIGURE 4.1b

4.1.3 Casing and Modeling

Bearing in mind that this project work is supposed to be incorporated into any building and
particularly and enclosed area, it became expedient to niake a model of a simple building to

serve as prototype.
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A bit of architeetural prowess was applied in the design and construction for the house model.
The model was done on a scale 1:50. Predominantly used for the model were cardboard papers,

plastics strong adhesives, cutting scissors and razor blades.

The system circuitry was then incorporated into the building prototype and fastened with

adhesives.

4.2 TESTING.

Carrying out a module by module implementation of the circuit on the breadboard provided the
initial confirmatory tests to ascertain tl;at the préject was realizable. The ﬁ;lal implementation on
the Vero-board was tested module by module by connecting the circuit to ac mains. Forthwith,
the sound/vibration detection section being the first module was tested by generating a sound of
adequately high intensity near the electronic microphone to test if the cifcuit would be triggered

and the LED come on.

Thereafter, the match/step switch section was tested by applying sufficient pressure on each of
the six (6) switches to confirm if each of them could trigger on the circuit for the second module

and its corresponding LED.

Next was the infrared beam interruption triggered section. The area between the transmitter and
receiver was crossed through to test if the interruption of the invisible beam would trigger on the

third LED as well as generate an oscillation for the audio RF transmitter.

Finally, a simple everyday FM receiver (radio) was used to test if the signal could be received

and especially at the predetermined design frequency. The receiver was also used to test for the
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bandwidth of the frequency by determining the distance from the transmitter at which the signal

fades away completely.

Also, the set/reset switch was also operated to test if it efficiently controlled the entire system.
4.3 RESULTS

The result of the module by module test is given below:

For the sound/vibration detection scetion, afler generating a sound of adequately high intensity

the circuit was triggered and the corresponding LED came on as expected.

For the match/step switch section, it was noticed that each of the six (6) switches and a varying

combination of them all triggered the circuit and the corresponding LED came on as expected.

The result of the infrared beam interruption triggered circuit was not any different as well,
immediately the area between the transmitter and receiver was crossed through, the third LED

came on.

For the audio- RF transmitter section, the receiver used at the point of test received the signal at a
modulated frequency of about 96MHz and over a range of about 150meters the signal was

clearly received.

Finally, operating the set/reset switch proved very efficient as the whole circuit was both set and

reset by the switch.
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CHAPTER FIVE (5)
CONCLUSION, PRECAUTION AND RECOMMENDATION
5.1 CONCLUSION

Afler going through the rather painstaking rigours of the design and construction of a 555 timer
based intruder detection system, I was able to achieve my primary objective of securing life and

property by detecting the operation of an intruder and achieving apprehension before the intruder

is aware of being monitored.

My auxiliary objectives were also realized, which include;

e Llimination of the discrepancies and false alarms often encountered in the use of single-

zone burglar alarm systems by using three (3) detection or trigger zones.

e Avoiding the use of alarm speakérs or buzzers at the site of intrusion by emp)oying the
audio- radio frequency transmission system- thus making the burglar completely
oblivious of being monitored.

e The predominant use of cheap, simple and readily available electronic components like
the transistor, resistor, capacitor, diode, and the 555 timer IC rather than other expensive,
scarce or sophisticated electronic components.

Conclusively, I would say that the design was successfully realized at construction. Also, the
uses and applications of the basic electronic components as taught throughout the bachelors in

engineering programme were better appreciated in the course of design and construction.
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5.2 PRECAUTIONS

1

Integrated circuit sockets were used to ensure protection of the 555 timer IC in the event
of any failure or error in circuit connections.

Over-congestion of components during connection was avoided to make for casy
soldering and prevent b;idging of components at the points of soldering.

The copper plating of the Vero-board was scratched out or cut open at points where
necessary to avoid short circuiting or bridging of the system.

A digital multi-meter was used to verify the polarities and values of the various
components used to ensure that the construction was consistent with the design.

Special care was taken when connecting the predominantly used IC (555 timer) to avoid

any errors in the connection of the pins.

5.3 PROBLEMS ENCOUNTERED.

1. The major problem encountered was the problem of bridging of the circuit due to
poor soldering.

2. Another problem encountered was false triggering especially at the sound detection
due to the sensitivity of the electrets microphone and the resistors used to biase it.

3. Also, sensitivity of the inductor coil of the tank circuit to ambient conditions also

caused variation of the tone frequency being transmitted.
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54 RECOMENDATIONS.

I would like to propose the following recommendations to aid further work and improvement on

this project.

1. The project here submitted can serve only one entry point. 1 would like to recommend
that the system be designed to secure all possib-le entry points into a building and a micro-
controller employed to manage it. With this, a program can be written for intelligent
management of the securi}y system by dividing the various entry points into main zones
and s0, the particular point of entry of the intruder can be detected.

2. This project has only three detection zones; this can be improved upon by incorporating
more sensory zones. It is believed that the more the detection zones, the more effective

the whole security system would be.
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