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ABSTRACT

Security men play a very important role of protecting lives and properties of people in
different places, including residential, industrial or other places of work. Hut due to
inadequate provision of facilities that would make their work easy and effective. they face
many problems that affect the quality of their service which sometimes lead to inability to
discharge their duties well. Ibis thesis therefore, is a Design and Construction of
Electronics Security assistant which could be used lor enhancing the performance ol
security men. It includes a two terminal intercommunication between the securit) man and
his employer when the need arises. There is an Automatic emergency light that conies on
when the mains power supply tails and goes off when the mains power supply ison. The
system also contains Door/ Gate alarm section which gives out an alarm when an
unauthorized person tries to open the door gate. There isa X motor direction controller
that could be used by the security man to open and close the gale(s) from his office \
laser beam trespassers alarm is aso included tor alerting the security man that someone is
closing gate path of the beam within the premises. In addition the system has an automatic
nighl light portion which turns on the security light automatically in the night and switches
it off in the morning, finally, there is a morning alarm that alerts the security man in the
morning to switch oil some sections that are need only in the night. This system was

developed and tested and its performance was satisfactory.
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CITAPTER ONFE
INTRODUCTION
1.1 INTRODUCTION

The issue of securily bs indispensable in the fields of mans 11%e and that of other creatures
and materials as well. The man that is charged with the responsibility of pravision of
seeurity services has a lot of short comings that make it very difficult for him to discharge
his duty to a high degree of efficiency. The sense organs of man have some limitations
that make it impossible for him to monitor multiple situations simultancously and with
high accuracy. For this reason some unfortunate situations happen when man is given the
respunsli‘nility of taking care of particular places as a secvrity agent particularly when the
place is big in stzc. Some offorts have been made in trying to provide some assistance for
the security persotinel to enhance the quality and effectiveness of their services to the
society through engineering researches by different people across the world. But most of
these works concentrate on basically one or two functions. For instance, a commuuication
gadgct is provided to facilitate communication in case of emergency and in some projects
only alarm system is provided with the hope of helping the security personnel o do their
work more efivctively.

All these projeets and simifar ones serve an important purpose in enhancing the work
of securily men in one way or another, But the criminals that are ready to achieve their
goal at all cost use different strategies to break the traps and po ahead with their tHegal
operations. In view of these conditions, it is decided to come up with a systen that would
have multiple functions which can preveni the criminals from achieving their aims. This is

because. il they escape one trap of the system they would definitely fall in another



for the multiple functions it serves. o line sorth this, the sestem would provade some reliel

and comfort 1o the security man for him to do his work elfectively

L2 THESIS MOTIVATION
Engineermg is basically concerned with the application of the fundamental principles al
puire science mto practical sittations so as o solve some basic problems of hfe m general.
e mam motivation of this study is therefore to come up with a system that would he
very useful in enhancing the services ol the security men in residential. mdusinal and
other public places. This thesis work s expected 10 make the work of securny men very
simple and effective and well secured. This system if successtully completed is hoped 1o
help in reducing the rate of burglary in the soctety thercby saving the properties and hves
ol people. especially the sccunity men who are at risk of beng Killed by the crnmmnals i

the process of their operations

L3LITERATURE REVIEW
Over along period of tune many devices were desipned and constructed by different
people with the aim of enhancing the security measures to protect the hife and properties of
people m different places. Most of these inventions look at particular arca where the
problem usually arses that reselt i the loss Gl certain important items as a result of the
miruder activities.

Ihomas Scarborough i 1999 designed and constructed an anti-burglary eate alarm

[23]. Ron Jones designed and construeted a modular buredar alarm i 2001 (250 A radio

wave alarm was also designed and constructied by



Thomas Scarborough in 2002 |23). Automatic Intruder alarm was designed by Ren Jones
in 20()1}?.4}. Howeyer, An Optical Obstacl: switch was designed by Mourns J. M. in
2003 |24). 1o addition. a Dark activated switch was designed by Gorge Levis in 2004 [24].

Yusha’u Shehu {ABU) worked on the design and construction of an wfra-red security
system in 2006§28], Agbanuji David Adieza (A1) designed and constructed an
¢lectronic system that could be used for derecting an intruder as he opened a door[29].
Haruna Josiah Okpanachi worked on a sceurity device that deals wath a zone alarm in
2004, Howver. Abba Qusmane worked on the design and construction of a light-on
warning systemn lor security purpose{30].

All these works and similar ones serve an important purpose in enhancing and
tacilitating the work of sccurity men in some ways. But their basic lunitation 1s their
restriction 1w only one or semetimes two functions. This thesis is theretore going to
eliminate or greatly reduce the problems due to its ability Lo serve many functions in

deterring the criminals from succeeding in their operations.

1.4 PROBLEM DEFINITION
The problen to be solved by this thests work 3 that of security concern. The aim of the
work is Ithc design and construction of an clectronic securily system that would have the
following sub-units:
¢ atwo terminal fntercom communication between the seeurity man and his employer if

the necd arises.



e an Automatic emergency light that comes on when the matns power supply latls and
goes oft when the mains is on,

» a Door/ Gate alarm section which gives ot an alarm when an nnsuthorized person
tries to open the door/ gate,

s 2 DC motor direction controlier that could be used by the security man to open and
close the gate(s) from his office,

& 2 laser beam trespassers alarm for alerting the security man that someonc Is crossing,
the path of the beam within the premises,

e an automatic night light portion which turns on the security light automatically i the
night and switches it off in the morning, and

s finally, there is a morning alarm that alerts the security man in the moming te switch

off some sectiony that are needed only in the night.

5 METHODOLOGY

The methodofogy that was adopted in sulving the basie problem of 1his investigation
includes the design of the vanous sub-circuits i the system in the step-by-step analysis
mcthods where the basic caleubations done would be shown clearly with any basic
assumptions made 1n arnving at the value of the components of the cireuit. However, the
procedure followed for the sclecting, of the components would be given. After designing
the different sub-sections of this security system, the whole work would be constructed to
give a single system with one central control unit with conpections to all remole parts

being under the control of the system. Finally, measurements would be iaken on the



constructed system to know the actual performance ol the system as compared with the

design goals.

1.6 THESIS OUTLINE
This thesis comprises five chapters, Chapter vne s an introdoction 1o the basic idea of the
project where the basic motivation, definition of the problem and the methodology of
solving the problem are discussed. Chapter two is the theoretical background of the study,
1n this chapter the basic theoretical aspect on which the project is based are discussed. In
chapter three the basic design caleulations and the analysis i the desipn of the entire
system are presented. Chapter four is dedicated to the taboratory measurements and the
basic experiments carried out on the system. Then the thesis report 1s concluded in the

chapter five.



CHAPTER TWO

THEORETICAL BACKGROUND OF THE STUDY
2.0 INTRODUCTION
'This chapter deals with the details on which the theoretical background of the design and
construction of an electronic security assistant is based. The chapter gives the general
averview of the theoretical aspects that has to do witl this syster, The fundamicntal operation
principles of the different parts ot (he circuit are discussed step-by-step in order to give the
hasic understanding on the designed system as well as its mode of operation. Tlowever, the
major compottents used i the desigh and construction of the circuit are trcated where their

chatacteristics and mode of operation and applications are discussed.

2.1 OPTOELECTRONICS

Optoclectronics s the stuwdy and application of electronic devices that source, detect and
control light, usually considered a sub-ficld of photonics. In this context, light oficn includes
invisible forms of radiation such as gamma rays. X-ravs, ultraviolet and inlrared, in addition
ta visible light. Uptoeclectronic deviees are clectrical-to-opticat or optical-to-electrical
transducers. or instruments that use such devices i their operation, Electro-optics is ofien
erroncousty vsed as a synonym, but is in fact 2 wider branch of physics that deals with sl
mteractions between light and electiie Helds, whether or not they fonm part of an electronic

device,

Optoelectronics is based on the quantum mechanical etfects of light on semiconducting

matertals, sometimes in the presence of electric fields. {24}



2,11 PHOTORESISTOR

. Al

i
Wl

- g -

Fup 2.1 Light Dependent Resistor

A Photoresistor or Light Dependent Resistor or CdS Cell as shown on Figs 207018 a resistor
whose resistance decreases with mereasing inerdent hight mtensity. 1t can also be referred 1o as
a photacenductar. A Photoresistor 1s made of a high resistance semiconductor. 1 hight Talling
ot the device is of high enough frequency. photons absorbed by the semiconductor pive
bound clectrons enough energy ta jump nto the conduction band  The resultmy free clectron

tand its hole partner) condact electricnty. thereby lowering resistance.

A photoelfectric device can be either intrinsic or extrmsic. An intrinsic senconductor has its
own charge carriers and is not an efficient semiconductor, ¢.g. silicon. In mtrinsic devices the
only avatlable electrons are n the valence band, and hence the photon must have enough
encrgy to excite the electron across the entire bandgap. Extrinsic devices have impurities. also
called dopants. added whose ground state energy is closer to the conduction band: since the

electrons don't have as far to jump. Jower energy photons

(1c. longer wavelengths and lower frequencies) are sufficient 1o trigger the device 1 a
sample ol stheon has some ol its atoms replaced by phosphorus atoms (impurities), there will

be extra electrons avatlable for conduction. This is an example of an extrinsic semiconductor.
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d.2 0 APPLICATHONS

Photoresistor comes in many ditferent forms. fuexpensive cadnium sulfide cells can be found
i many consumer items such as camera hight meters, street hehts, clock radios, secury

[alanms, and outdoor clocks,

Thev are also used in some dvnamic compressars lagether with a small mcandescent lamp or

heht enmitting diode 1o controf gain reduction

Iead sulfide and mdium antimonide LDRs arc used for the md nfrared spectral region
Ge:Cu photoconductors are among the best far-mirared detectors avarlable, and are used lor

mirared astronomy apd mfrared spectroscopy

2,13 PHOTOBIODE

Fuag. 2.7 Photodicde

A photodiode as shown on Fig.2.2, 1< a tvpe of photodetector capabie of converting hight

o cither current or vohage. depending upon the mode ol operation

Photodiodes are similar to regular semicondnetor diodes except that they may be either
exposed (1o detect vacuum UV or X-rayvs) o packaged with a window or opneal fiber
connection to allow light to reach the sensit ve part ol the device. Many diodes designed for
use spectfically as a photodiode will also use a PIN juncoon rather than the typical PN

junction. [ [1]



2.1.4 PRINCIPLE OF OPERATION

A photodiode is a PN junction or PIN structure, When a photon of sufticient energy sirikes the
diode. it excites an electron thereby ereating a mabile electron and a positively charged
glectron hole, 11 the absorption ocevrs in the junction's depletion region, or one diffusion
length away from it, these carriers are swept from the juaction by the built-in field of the
depletion region. Thus holes move foward the anode, and electrons toward the cathode, and a

photocurrent is produced,

Although this mode is faster, the photovoltaic mode tends to exhibit less clectronic noise.
(The leakage current of a good Photodiode diode 15 5o [ow - < TnA — that nowse of the foad

resistance in a typical cireuit oiten dominates )
2.1.5 APPLICATIONS

P-N photodiodes arc used in similar applications to other photodetector, such as

photoconductors, charge-coupled devices, and photomultiplier tubes.

Photodiodes are used in consumer ¢lectronies devices such as compact dise players, simoke

detectors, and the receivers {or remote controls in television sets.

Inn other consumer items such as camuera light meters, clock radios {the ones that dim the
display when it's dark) and street tights, photoconductors are often used rather than

photodiodes, although in principle either could be used.



22 ELECTRONIC OSCILLATOR

An eleetronic oscillator is an electronic circuit that produces a repetitive electronic signal,

often a sine wave or a square wave from a DU source

A low-lrequency oscillator (LFOY 18 an electronie oscillator that generates an AC wavelorm
between 0.) Hzand 10 1z This term s typically used in the Beld of andio synthesizers, 1o

distimgeuistoit from an audio frequency oseillator

Oseillmtors designed to produce a high-power AC output from a DC supply are usoally called

mverters, [

22,1 1YPES OF ELECTRONIC OSCULLATOR

There are two main types of electronic osciliators: the harmonic oscitlator and the relaxation

oscillator.

e [Harmonic oscillator

The harmonic oseillator produces a sinusordal output. The basic form ol a harmonic oscillator
s an electronic amphifter with the output attached 1o a narrow-hand clectromie filter. and the
output of the filter attached to the mput ot the amphificr. When the power supply 1o the
amphihier is first switched on. the amplifier's output consists only of noise. The noise travels
around the loap. being filtered and re-amplitied until it increasingly resembles the desired

sienal



A piezoelectric erystal (commonly quartz} may be coupled to the [iiter to stabilise the

frequency of oscillation, resulting in a erystal oscillator,

‘There are many ways to implement harmonic oscillators, because there are different ways to

amplify and fifter.

(4) HARTLEY OSCILLATOR

Hartley oscillator is an LC electronic oscillator that derives its feedback from a tapped coil in
parallel with a capacitor (the fank cirenit). Although there 1s no requirement for there o be
mutual coupling between the two coil segments, the circuit is usually implemented as such. A
Hartley oscillator is vssentially any configuration that uses a pair of serics-connected coils and

a single capacitor. |4]

Hartley oscillators may be serics or shunt fed. A Hartley oscillator is made up of the

following:

« Two inductors which need not be mutval (may be a two-winding transformer)

= Onpe tuning capacitor
Advantages of the Hartley oscillator include;

e The frequency is varied using a variable capacitor;
+  The output amplitude remais conslant over the frequency range; and

s The feedback ratio of the tapped inductor remains constant.



Disadvantages include;

+ Harmonic-rich content of the output; ard

» It s ot suitable for a pure sine wave.
(M COLPITTS GSCILLATOR

A Colpitts vscillator, is one of a number of designs for electronic oscillator eircuits. One of
the key features of this type of oscillator is its simplicity and robustoess. It is not difficult to

achieve satisfactory resuits with littie effort [{1]

Fig. 2.3 Two condigurattions of Colttts Dscillator

The ideal frequency of oscillation for the circuits shown in Fig, 2.3 (a) and (b) arc given by

the equation:




Where the series combination of CFand C2 ereates the effective capacitance ot the LU tank,

Real cireuits will oscillate at a slightly lower frequency due to junction capacitances of the

transistar and possibly other siray capacitances.

Fig. 2.1 Oscllater combginatisn

One method ot oscillator analysis is to determine the put impedance (as showat in Fig. 2.4)
of an input port neglecting any reactive components. I the impedance yields & negative
resistance term, osciflation is possible. s mrethod will be used here to determine conditions

of oscillation and the frequency of oscitlation. [12]
2.2.2 OPTO-ELECTRONIC OSCILLATOR

An opto-clectronic oxcillator (OEO} is an opto-clectronic circuit that produces repetitive

clectronic sine wave and/or modulated optical continuous wave signals,

Opto-electronic oscillator is based on converting the continuous light energy from a pump
laser to radio [requency (RF) and microwave signals, The OEO is characterized by having
very high quality factor () and stability, as well as other functional characteristics that are
not readily achieved with the electronic vseillator, Hts unigue behavior results from the use of
electro-optical (E/Q) and photonic components, which are generally characterized by high
efficiency, high speed. and low dispersion in the microwave {requency regime. [15)

13



2ZIINTERCOMMUNICATION DEVICE

An mntercommunication device (Intercom) is an electronic communications svstem intended
for imited or private dialogue. direction, collaboration or announcements. Intercoms can be
portable or mounted permanently i butldigs and velucles, Intercoms can imcorporate
connections 1o walkie talkies. telephones, cell phones and 1o other mtercom systems over
phone or data Iimes and 1o electronic or electro-mechanical devices such as signal ights and

door latches.

Permanent miercoms installed m buildmes are generally composed of fixed
microphone/speaker units which connect to a central control panel by wires. A small honwe
imtercom might connect a lew rooms i a house. Larger svstems might connect all of the
rooms 1 a school or hospital (o a central office. Intercoms in larger butldmgs often function

as public address systems. capable of broadeastimg announcements.

In many schools. tones signaling the change ol classes are sounded over the imtercom. taking
the place of the electromechanical bells useo in older schools. Addionally many schools now
use audio / video intercoms to wdentily vistlars frying o gain access to a locked schoal

huthding. Many intercom systems can be interfaced with the building's access contral system.

Intercom systems can be tound on many tvpes ol vehicles meluding trams. anceatt and

armaoiired ftghting veheles

Portable mtercoms are commondy used by special event production crews and professional
sports teams. Performing arts venues such as theaters and concert halls often have a

combination of permanentty mounted and portable intercom elements

4



BASIC TERMS

Master Station or Base Station - There are units that can control the system, i.e.,

initiate a call with any of the stations and make announcements over the whole svstem.

s Sub-station - Units that are capable of only initiating a call with a Master Station but
not f:apable of initiating calls with any other stations (sometimes called slave units),

« Door Stafion - Like sub-stations. thes: units are only capabie of inttiating a call to a
Master Station. They are typically weather-proof.

v Intercom Station - Full-featured rannote vait that ts capable ol initiating and reeciving
party-line conversation. individual conversation and signalling. May be rack-mounied,
wallsmounted or portable.

»  Wall Mount Station - fixed-position intercom station with buili-in loudspeaker. May
have flush-mounted microphone. hand-held push to talk microphone or telephone-
style handset,

«  Belt Pack - portable intercom station worn on the belt. Reguires a headset or handset.

» [fandsef - permanent or portable telephone-style connection to an infercom station.

Holds both an carpiece and a push to talk nicrophone.
2.3.4 Wireless intercoms

For installations where it is not desirable or possible 1o sun wires to support an infercom
systen, wircless intercom systems are available. There are 1wo miajor benefits of a wircless
intercom system over the traditional wired intercom. I'he turst iy that installation is much

easier since no wires have W be run between intercom units. The second is that you can casily



move the vnits at any time. With that convenicnce and ease of installation comes a risk of

interference from other wireless electrical duvices and adverse wheather conditions.
2.4 LASER

A laser is a device that emits light (electromagnetic radiation) through a process called
stimufated emission. The term “laser” is an acronym {or Light Amplification by Stimulated
Emission of Radiation. Laser light is usually spatially coherent, which meaus that the lght
either is emitied in a narrow, low-diverpence beam, or can be converted into one with the help
of optical components such as lenses. The coherent nature simply means all {he beams are
converged in such a way that all beams move parallel to cach other. Typically, lasers are
thought of as emitting light with a narrow wavelength spectrum ("monochromatic” lLight). This
is not true of all lasers. however: some emit light with a broad spectrum, while others emit
light at multiple distinct wavelengths simuhaneousiy. The coherence of typical laser emission
is distinctive. Most other light sources cmit incokerenr light, which has a phase that varies

randomiy with iime and position. {26]

A laser consisis of a gain medium iustde a highly reflective optical cavity, as well as a means
to supply coergy 1o the gain medium. Yhe gain medimn is a material with properties that allow
it 1o amplify light by stimulated emission. In its simplest form. a cavity consists of two
mirrors artanged such that light bounces back and forth, each time passing through 1he gain
medium. Typically one of the two mirrors, the outpui coupler. is partially transparent. The

output laser beam is emitted through this mirror.



Light of a specific wavelength that passes throvgh the gam medium is amphilied (mereases
power ). the surrounding mirrors ensure that most of the light makes many passes through the
gain medium, being amplified repeatedly. Part of the Lieght that s between the marrors (that is.
within the cavity) passes thraugh the partially transparent mirror and escapes as a beam ol

light

[he process of supplying the energy required or the amplification 1s called pumping. The
energy is typically supplied as an electrical curremt or as light at a different wavelength. Such
light may be provided by a flash lamp or perhaps another laser. Most practical lasers contaim
addimonal elements that alfect properties sucl as the wavelength ot the emmted hght and the

shape of the beam. [16]

2.4.1 LASER PHYSICS

Fhe elowing ray i the middle (centre of the parallel beam) is an electne discharge producing
light momuch the same way as a neon light. 11 s the gam medm through which the laser
passes. nof the Taser beany tsell. which s visible there. The Taser beam erosses the ar and
marks # red point on the screen 1o the night.

Spectrum of a hehum peon laser showing the very high spectral mtrinsic purnity is typical
example of pure faser. When compared with the relatively broad spectral emittance ot a light
emitting diode. the gain medmm ol a aser 15 a matenial of controlled punity, small size. and
shape. which amplifies the beam by the process of stimulated emission. Laser can be in any
state of matter: gas. hquid. sohd or plasma. The gain medium absorbs pump energy. which
rarses some electrons into higher-energy ("exeited”) quantum states, Particles can interact with

light both by absorbmg photons and by emitting photons. Limission can be spontancous o1
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stimulated. In the latter case. the photon is emitted m the same direction as the hight that s
passing by, When the number of particles i one exented state exceeds the number of particles
in some lower-energy state. population mversion 1s achieved and the amount of stimulated
emission due o fight that passes through s farger than the amount of absorption. Hence. the
heht 15 amphiticd. By itself, this makes an optical amphifier. When an opucal amplifier 15

placed mside a resonant optical cavity, one obtains a laser. [27]

2AZMODES OF OPERATION

The output of a laser may be a continuous constant-amplitude output (known as ¢ 1 or
continuans wavey. or pulsed. by using the techniques of Q-switching. mode-locking. or pam-

switching. In pulsed operation. much higher peak powers can be achieved.

Some types of lasers. such as dve Jasers and vibronie solid-stte lavers can produce hight over
a broad range of wavelengths: this property makes them suitable for generating extremely

; ) v . [
short pulses of light. i the order of a few femto-seconds (107 5)

In the continuous wave (CW) mode of operation, the output of o laser is relatively consistent
with respect to time. The population mversion requred for lasimg s continnally maimtamed by

a steady pump source.

In the pulsed mode of operation, the output of a faser varies with respect 10 time. typiealiy
1aking the form of altermating "on” and 'ofl’ perods. In many applications one mms o deposit

as much energy as possible at a given place m as short time as possible.



2.4.3 SEMICONDUCTOR LASERS

Semiconductor fascers are actually solid-state {asers, too, but because semiconductor lasers
have a dilferent mode of laser operation. they have a different name. ‘This can be confusing to

somcone who knows the term solid-state electronices.

Commercial laser diodes emit af wavelengths from 375 nm 1o 1800 nm, and wavelengths of
over 3 put have been demonstrated. Low power laser diodes are ased i Jaser printers and
C1YDV1 players. More powerful laser diodes are frequently used (o optically pump other

lasers with high efficiency. The highest power industrial laser diodes. with power ol up to

10 kKW (70dBm), are used in industry for cutting and welding. External-cavity semiconductor

lasers have a semiconductor active medium in a larper cavity.

Vertical cavity surface-emitting lasers (VCSELs) are semiconductor lasers whose emission
direction is perpendicular to the surface of the waler. VCSEL devices typically have a more
circular output beam than conventional taser diodes, and potentially could be much chieaper to

manufacture, {26]

2.44 APPLICATIONS

Lasers range in size (rom microscopic diode lasers (top) with numerous applications,

Semce of the other applications include:



«  Medicine: Bloodless surgery. laser healing, surgical treatment. Kidney stone treatment,
eye treatmeni, dentistry;

» Industry: Cutting, welding, material heat treatment, marking parts;

e Dotense: Marking targets, goiding mundions, mussile delenec, alternative o radar;

e Research: Spectioscopy, e.t.a:

o Product development/commercial: laser printers, C1s, harcade scanners,
thermomelcers, laser pointers, holograms;

+ Laser lighting displays: Laser light shows: and

Laser skin procedures such as acne treatmend, cellulite reduction, and hair removal.

2.5 RELAY

A relay is an electrical switch that opens and ¢loses under the vontrol ol another electrical
circuit. In the original form, the swilch is operated by an electromagpet to open or cluse one or
many scts of contacts. Because a relay is abl: 1o control an output civeuit of higher power
than the input circuit, it can be considered to be, in a broad sense, a form ol an clectrical

amplifier. (Sec I'ig, 2.5)
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Fig. 2.5 Flectromagnenc Relay

When a current flows through the coil, the resulting magnetic field atlracts an armature that is
mechanically linked 10 a moving contact. The moyvement either makes or breaks a connection

with a fixed contact. When the current o the coil is switched ofT, the armature is returned by a



force approximately hali as strong as the magnetic foree 1o its relaxed position. Usually this 18
a spring. but pravity s alse used commonly m industral motor starters. Most relays are
manufactured 1o operate quickly. In a low voltege application. this is to reduce nose. Ina high

vohage or high current application. this 1s 1o re duce arcing.

I the conlis energized with DC.a diode s frequently mstalfed across the coil. to dissipate the
encrgy from the collapsing magnetic freld at deactivation. which would otherwise penerate a
spike of voltage and might cause damage 1o crrcutt components. Some automotive relays
already include that diode inside the relay case. The typical connection of the protection diode

is shown in Fig. 2.6,

e ———— e 2N
L = - - ‘ <D N
Protactior % Halay |

Diode £ I \ I Conl | f 3 LM
—— N

Fualay Cantacts

R T
It : y {\l\j) Transistor

Tig, 2.6 C onnecrion of diod& across jelas
Alternatively a contact protection network, consisting of a capacitor and resistor m series.
may absorb the surge. If the coil is designed (0 be energized with AC. a small copper ring can
be crimped to the end of the solenoid. this "shading rmg” ereates a small out-of-phase
current. which mereases the minmmum pull on the armature during the AC evele. By analogy

with the functions of the original electromagnetic device. a sohid=state relay is made with a

thvristor or other sohd-state switching deviee | 19]



251 TYPES OF RELAY

(a) LATCHING RELAY

A latehing relay has two relaxed states (bistable) These are also called "keep' or 'stay relays
When the current 15 switched off. the relay remams in ns laststate. This s achieved with a
salenotd operating a ratchet and cam mechanism, or by having two opposing cotls with an
aver-cenier spring or permanent magnet o hold the armature and contacts in posiion w hile

the cotl 1s relaxed. or with a remnant core

(h) Reed relay

A reed relay has a set of contacts inside a vacuum or inert gas hilled glass tbe. which
protects the contacts against atmospheric corrosion. The contacts are closed by a magnetic
held generated when current passes through @ coil around the glass tube. Reed relays are
capable of faster swiching speeds than larger types of relays, but have low switch current and

vohiaee ratings,

(¢) MERCURY-WETTED RELAY

A mercurv-wetted reed relay s a form ot reed relav i which the contacts are wetted with
mercury. Such relavs are used to switch low-voltage signals (one volt or less) becanse of 1s
low contact resistance. or for high-speed counting and timing applications where the mercury
climinates contact bounce. Mercury wetted relavs are position-sensitive and must be mounted

vertically 1o work properly



(1) POLARIZED RELAY

A Polarized Relay placed the armature between the poles of a permanent magnet to increase
sensitivity, Polarized relays were used in middle 20th Century telephone exchanges to deteet
faint pulses and correet telegraphic distortion, The poles were on serews, so a technician could
{irst adjust them for maximum sensitivity and then apply a bias spring to set the criticaf

current that would operate (he relay.
(¢) CONTACTOR RELAY

A contactor is i vory heavy-duty relay vsed for switching clectric motors and hghiting loads.
With high current, the contacts are made with pure silver. The unaveidable arcing causes the
contacls to oxidize and silver oxide is still a good conductor. Such devices are oflen used lor
motor starters. A motor starter is a contactor with overload protection devices attached. The
overload sensing devices are a form of heat operated veloy where a coil heals o bi-metal sirip,
or where a solder pot melts, releasing a spring 1o operate auxiliary contacts, These auxifiary
contacts aré in scries with the coil. {I'the overload senses excess current in the load. the coil is
de~energized. Contactor relays can be extremely loud to operate, making them unfit for use

where noise is a chicf coneertt.
(D) SOLID-STATE RELAY

A solid state relay (3SR) 15 a solid state electronic component that provides a similar
function to an clectromechanical relay but does pot have any moving components, increasing
long~term reliability. With carly 8SR's, the tradeoft came from the fact that every transistor

has 2 small voltage drop across it This collective voltage drop limited the amount of current a
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given SSR could handle. As transistors improved. higher current SSR's, able to handle 100 to

1,200 amps, litve become commercially available,

(g8) OVERLOAD PROTECTION RELAY

One type of electric motor overload protection relay is operated by a heating clement in series
with the clectric motor . 'The heat generated by the motor current operates a bi-metal strp or
melts solder, releasing a spring to operate contacts. Where the overload relay s exposed 10 the
same environment as the motor, a usefu) though crude compensation for motor ambient

temperature is provided.

2.5.2 POLE & THROW
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Fig. 2.~ Pote and Thiow vonligurations of Relas

Since retays are switches, the terminology apphed to switches is also applicd 1o relays. A
relay will switch one or more pofes, each of whose contacts can be tirown by energizing the

cotl m one of three ways;

»  Normally-open (NO) contacts conneet the circurt when the relay is activated: the

circpit 15 disconnected when the relay Is mactive. 1t is alse called o Farm A contact or

"

"make" ¢ontact;



« Normally-closed (NC) contacts disconticct the cireuit when the relay i activated: the
circult is connected when the relay is inactive. It ix also called a Form B contact or
"break™ contact: and

v Change-over {CO), or double-throw (D), contacts control two circuits: one normally-
open contact and onc normatly-closed contact with o comnon leamimnal. 1t ts also
called a Form C contact or "transfer” vontact ("break before make™). [ this type of
cottact ulilizes a "make betore break™ factionality, then it is called @ Form D contact.

117}
The following designations are commonly cneountered:

« SPST - Single Pole Single Throw. ‘These have two terminals which can be connected
or disconpected. Including two for the coil. such a relay has four terminals in total. 1115
ambignous whether the pole is normally epen or normually closed. The termmeology
"SPNO" and "SPNC" is sometimes used to resolve the ambiguily.

s  SPDT - Single Pole Double Phrow, A commoen terminal comeets to cither of two
others. Ineluding two for the coill sueh a relay has five termmals in total,

s DPST - Double Pole Single Throw. These have two pairs of terminals. Lgquivalent to
two SPRT switches or relays actuated by a single coil. Including two for the coil, such
a relay has six terminals i 1otal. The poles may be Form A or Form B {vr one of
cach).

«  DPDT - Double Pole Double Throw. These have two rows of change-over terminals.
Equivalent (o two SPIT swilches ot relays actuated by a single coil. Such a refay has

eighl terminals. including the coil.

-~y



2.5.3 APPLICATIONS

Relays are used to:

-

control a high-voltape circuit with & low-voltage signal. as in some types ol modems

or audio amplificrs,

« control a high-current circnil with a low-current signal, as in the starter solenoid of an
automobile;

e deleet and isolate faults on transimission and distribution lines by opening and closing

circuit breakers {protection relays);

» isolate the controlling circuitl from the controlled circuit when the two are at ditferent
potentials:

« pertform logie tunctions. For example. the Boelean AND function is realised by
connecting NO pelay contacts in series, the OR function by vonnecting NO contacts in

paraliel.

2.54 SELECTION OF AN APPROPRIATE RELAY

Sclection of an appropriate relay [or a particular application reguires evaluation of many

different factors: such as:

+ Number and type ot contacts - normally vpen, normally closed. (double-throw),

There are two types. This stvic of relay can be manulactured twe different ways: "Make

before Break" and "Break before Make;



+ Rating of contacts - small relays switch a few amperes, large contactors are rated for
up to 3000 amperes, alternating or direct current;

»  Voltage rating of contacts - typical control relays rated 300 VAC or 600 VAL,
automotive types to 50 V1)C | special high-voltage relays to about [5000 V.

«  Coil voltage - machine-tool relays usually 24 VAC or 120 VAC, reiays for switchgear
may have 125 V or 250 VDO coils, "sensitive” relays operate on o few milllamperes;
and

»  Switching time - where high speed is required.
2.6 ELECTRONIC AMPLIFIER

An electronic amplifier s a device tor increasing the power and/or amplitude of a signal. It
doos this by taking power lrom a power supply and controlling the output 1o match the input
signal shape but with larger amplitude. 1n this sense, an amplifier may be considered as

moduiating the output of the power supply.
2.6.1 VOLTAGE, CURRENT, AND POWER AMPLIFICATION

Amplifiers can be specified according to their input and output properties. ‘They have some
kind of gain, s.c. 2 ratio of the output and input signal. The pain may be specificd as "putput
vollage/input voltage", “output power/input powet” or any other combination of current.
voltage and power, In many cases. with tnput and output in the same units, gain will be

unitless; for this is not necessarily so ~ for example, a iransconductance amplifier has a gain

with units ot conductance (output current par input voltage).



In most cases an amplitier should be linear. that is the gain should be constant for any
combination of input and output signal. If the gain is not lincar. ¢.g. by clipping the output

sighal at the limits of its capabilities, the outpor signal is distorted.
2.6.2 CLASSIFICATION OF AMPLIFIER STAGES AND SYSTEMS

There are many alternative classifications that nddress different aspects of amplitier designs,
and they alf express some particular perspective refating the design parametors (o the
objectives of the circuit, Amplifier design is always a compromise of numerous factors, such
as cust, power consumption, real-world device impertections, and & multitede of performance

specifications, Below are several different approaches to classification:
(a) INPUT AND QUTPUT VARIABLES

IZlectronic amplifiers use two variables: current and voltage. Lither can be used as input, and
either as output leading to four types of amplifier. In idealized form they are represented by

each of the four types ol dependent source used in linear analysis, as presented in Table 2.1

Table 2.1 Types of amplifier

| i : |
(Input Outpuf’ Dependent source i Amplifier type
D'p i1 current controlled current saurce CCCS current amplifier

i

V. jeurrent controlled voltage source CCVS  transresistance amplifier

B T
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YV 1 voltage controlled cusrent source VOCS ransconductance amplifier

:
b
j :
i i
i .
|

|

Y VvV volfage controlled voltape source VCVS voltage ampliber

I 3 '

Each type of amplilier in its ideal form has an ideal input and output resistance that s the

. . 1
same as that of the corresponding dependent source;!!!

In practice the ideal impedances are only approximated. For any particular cirenit, a small-
signnal analysis often is used to fiad the mpedance actuatly achieved. A small-signal AC test
cutrent /. is applied to the input or output node. all external sources are sct W zero, and the
corresponding alternating voltage V, across the test current source determines the impedancee

seen at that node as 72 ~ V. /1.

Amplifiers designed to atrach to a transmission lime at input and/or output. especially RE
amplifiers. do uot O fino this ¢lassification approach. Rather than dealing with voltage or
current individually. they ideally couple with an wmput and/or output impedance matched to
the transmission line impedancc, that is, maich ratior of vohage 1o current. Many real RY
amplifiers come close 1o this ideal, Although, for a given appropnate source and {oad
impedance, RF ampliliers can be characterized as amplifying vollage or curreni, they

fundamentally are amplifying power.

{(b) COMMON TERMINAL

(e set of classifications tor amplifiers is based on which device terminal is common fo both
the input and the output circuit. 1n the case ol hipolar junetion transistors, the three classes are
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common emifter, common basc, and conunon collector, For field-cffect transistors., 1he
corresponding configurations are conumon source, comumaon gate, and common drain; tfor

triode vacuum devices, common cathode. common grid, and common plate.
(¢} INVERTING OR NON-INVERTING

Anather way to classify Amplitiers is the phase relationship of the inpat signal to the outpat
signal. An inverting amplifier produces an onfput 80 degrees out of phase with the input
signal (that is, an inversion or mirror image of the input as seen on an oscilloscope). A non-
inverting amplifier maintains the phase of the input signal waveforms. An emitter follower
is a type of non-inverting amplitier. indicatirg that the signal at the ematter of a transistor 13

following (that is, matching with unity gain but purhaps an offset) the input signal.
This description can apply to a single stage of an amplifier, or to a complete amplificr system.
2.6.3 FUNCTIONS

Other antpliliers may be ¢lassified by their [unction or output characteristics. These functional
descriptions usually apply to complete amplifier systems or sub-systems and rarely to

individual stages.

« A linear amphiier responds to difterent freguency components independently, and
does not generate harmonic distortion or inter-modulation distortion. A ponlinear
amplifier does generate distortion.

« A wideband amplifier has a precise amplification factor over a wide range of

trequencics., and is oflen used to buast signals tor relay in conununications systems. A
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narrowband amp 15 made 1o amphiy only 2 specilic narrow range of lrequencies. 1o
the exclusion of other frequencies,

«  An RF amphitier refers o an amplifier designed for use m the radio frequency range al
the electromagnetic spectrum. and is often used to increase the sensitivity of a receiver
or the output power of a transmitter

o Anaudio amplifier is designed for use i reproducing andio frequencies. This
catepory subdivides mto small signal amplification. and power amplifiers which are
optimised for dniving speakers. sometimes with multiple amphifiers grouped together
as separate or bridgeable channels 10 cecommaodate different audio reproduction

l'L'l]IIIl'I..‘IIlL'Il'lh

The performance of an operational-smplitier with these characterisiics would be
entirely deftned by the (usually passive) components fornmmg o negative feedback loop
around it that 15 the amplifier itself has no effect on the output,

Loday. eperational-amphtiers are usvally provided as mteprated cwrcunts rather than
constructed from diserete components. All real-world operatopal-amphitiers fall shon
of the wealised specification above - but some modern components have remarkable

performance and come close in some respects

2,04 INTERSTATE COUPLING METHOD

Amplitiers are sometimes classified by the coupling methad of the signal ar the input. output,

or between stages. Different types of these mcefude

o R-C coupled amplificr, using a network of resistors and capacitors, By design

these amplitiers cannotamplity DC signals as the capacitors block the 1 component

i



of the mput signal. RC-coupled amplifiers were used very often in circuits with
vacunm tubes or diserete transistors

o L-C coupled amplifier, using a network of inductors and eapacitors. s kind ol
amphifier 15 most often used i selective radio-frequency circunts,

» Transformer coupled amplifier, using a transformer to match impedances or 10
decouple parts of the circuits.

o Direet coupled amplifier. usmg no impedance and bias matchimg components. This
class of amplifrer was very sncommor i the vacuum tube davs when the anade
(output) voltage was at several 100V plus and the grid (mput) voltage at a few

vollages minus.

2.6.7 POWER AMPLIFIER CLASSES

Power amplibier circuits (output stages) are classitied as A B. AB and C for analog designs.
and class D and b or switchmp designs based apon the condaction angle or "anele of low' 0
of the mput signal through the amplitving device, that 1s. the portion of the mput signal eyele
during which the amphifving device conduers. The image ol the conduction angle is denved
trom amplifving a stusoidal stgnal (W the deviee ts always an, 8 3687 3 The angle of How
15 closely retated 1o the amplifier power efbiciency. The various classes are mtroduced below,

followed by more detailed discussion under individual headings later on



{a) CLASS A

Class A amplifying devices as shown on fig. 2.5 operate over the whole of the input cycle
such that the output sipnal is an exact scaled-up replica of the nput with po clipping, Class A
amplifiers as shown in Iig. 2.5 are the usual means of impiementing smatl-signal amplifiers.
They are not very efficient; a theoretical maximum of 50% is oblainable with inductive

output coupling and only 25% with capacitive conupling,

fn a Class A cireuit. the amplifying element is biased so the device is always conducting to
some extent, and is operated over the most linear portion of its characteristic curve (known a
its transfer éharaclcrislic or transconductance curve). Because the device 1s always
conducting, even if there is no input at alf, power is drawn {rom the power supply. Tus s the

chiel reason for its melficiency.

Chass A

Fig. 2.5 Class A Amplifier

If high output powers are needed {from a Class A circuil, the power waste (and the
aceompanying heat) will become significant, IFor every watl delivered to the load. the
ampliticr itself will, at best, dissipate another watt. For large powurs this means very large ar
expeitsive power supplies and et suiking
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{b) CLASS B AND AB

Class B ampliliers only amplity halt of the input wave eycle. As such they create a large
amount of distortion, but their elticiency is greatly improved and is much better than Class A,
Class B shown in fig. 2.6 has a4 maximum theorctical efficiency of 78.5% (i.e.. n/4). This is
because the umplilying clement is switched ol altogether half of the time. and so cannot
dissipate power. A single Class B element is rarely found in practice, though it can be nsed 1n
RF powcer amplifier where the distortion fevels are less important. However Class C is more

commonly used lor this.

Ciase B

£\ y
A M\

Fig. 2.6 Class 8 Amplifier

A practical circuit using Class B clements 65 the complementary pair or "push—pull”
arrangement shown in Fig. 2.7 Tlere, complementary or quasi-complementary devices are
used to cach amplify the opposite halves of the imput signal. which is then recombined al the
output, This arrangement gives excellent efficiency, but can sutler from 1he drawback that
there is a small mismatch st the "joins” between the two halves of the signal. This is called

crossover distartion.

Ciass AB sacrifices some efficiency over ¢lass B in favor of Tincarity, so wiil always be {ess

cfficient (below 78.5%). 1t is typically much more ctficient than class A,



\

Fig. 2.7 Class B Push-Pull

Class B or AB push—pull circuits (shown in Fig. 2.7) are the most common design type found
in audio power amplitiers. Class AB is widely considered a good compromise lor audio
amplifiers, since much of the time the music is quict enough that the signat stays in the "class
A" region, where it is amplilicd with good fidelity. and by definition if passing out of this

region, s large enough that the distortion moducts typical of ¢lass B are relatively small.

(¢) CLASS C

Class C amplifiers conduct less than 50% of the input signal and the distortion at the output is
high. but high efficiencies (up to 90%) are possible. Some applications (for example,
megaphones) can tolerate the distortion. A much more common application for Class C
amplifiers is in RI¥ transmitters, where the distortion ¢un be vastly reduced by using tuned
loads on the amplilicr stage. The input signal is used 10 roughly switch the amplifying device

on and off, which causes pulses ol current to flow 1hrough a tuned circuit.



The Class C amp has 2 modes ot operation: tuned. and untuned 6], The diagram of figure 2.8
shows a wa.vefnrm from a simple class € cireuit without the tuned load. This is calted untuned
operation, and the analysis of the waveforms shows the massive distortion that appears in he
signal. When the proper foad (e.g.. a pure LC filier) s used, 2 things happen. The first is thin
the output's bias level 1s "clamped”, so that the cutput variation is centered at one-hall of the

supply voltage. This is why tuned operation is sometimes called a "clamper®.

The tuned circuit will only resonate at particular frequencies, and so the unwanted frequencies
arce dramatically suppressed, and the wanted full signal (sine wave) will be extracted by the
tuned load (e.g., a high-quality bell will ring ai a particular frequency when it is hit
periodicall); with a hammer). Provided the transmitter is not required to operate over a very
wide band of frequencies. this arangement works extremely well. Other residual harmonics

can be removed using a filter.

Fiy. 2.8 Class € Amplifie



CHAPTER THREE
DESIGN OF THE SYSTEM

O INTRODUCTION
The electronic projects that involves the desien and construction ol some systems always has
some defined procedures that must be followed in order o achiove the goal of the project.
These procedures include the definition of the actual problem that is going to be solved. Then
the methodology that would be used for achieving the goal is specified. From this defined
methodology the desipn of the actual systent is carricd out. After this. the destgned system is
then construcied to verify its workability. When 1he system constructed is made to work
properly after some adjustment, measurements are carried oul on the constructed system.

This chapter gives the design details of the of the electronic security assistant system.
The step-by-step design caleulutions and the analysis of the different sub-circuits o the
system are shown in the sub-headings that follow. However, the methods adapted for
selecting some components as well as the reasonable approximations and assumptions made
in choosing actual components used in the circuits are given in the design analysis of the
different circuits that made up the whole system. The components of the cireuits designed are

presented in the tables of components (1ablz 3.1 10 table 3.9).



3.1 DESIGN AND ANALYSIS OF THE SECURITY ALARM (FOR DOORS AND
GATEN)

This security alarm for gates and doors is designed and implemented vsing the circuit diagram
shown in Fig. 3.1:
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Fig. 3.1 Door alaim civcuit dhagh s

This electronic security alarm for doors and gates is designed and construeted using Schimitt
trigger IC us the active component that gencerates the oscillation. The L, Two-input Schinitt
trigger AND pate is a fast oscillator that generates a high frequency audio signal, The
frequency of the oscillator 1s controlled wsing a variable resistor VR, together with the
capacitor Czy, 'The JC21 on the other hand is a low [requency oscillator whose frequency is
determined by the capacitor Cyy and {eedback resistor By Sinee 1he resistor Ry is of lixed
value. the frequency of 1C21 15 constant which only replacing the R with other vatues can
change. The oulputs of the twe oscillators 1011 ard 1C21 are connected to the taput ol 1031,
which serves as the mixer and produces the fing) warning alarm signal.

Furthermore. the outpul of IC41 15 delivered o one nput of 1041 with the other input terminal
connected 1o an RC network that works as the timing circuit 1o detertnine the duration of the

alarm when a door or gate is closed and opened. Finally the output of 1C41 s further
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amplified using a Darlington pair amplifiet t> improve the loudness of the signa) produced by
a piery disk.

To design for the operating frequency of the 1C 11 (the fast oscillator), we use the relation [2]:

| ——
TUBIBRE e s e TP (3.1)

The operating [requency of the [C11 oscillalor is selected to be in the range of 1 kllz 10 16
kHz in the andio frequency spectrom. In this case, the value of the capacitor Uy was selected

to be 10nF (0.01pF), fast discharge type. The range of valucs of vatiable resistor 1s caleulated

as follows:

When f= [ kllz and C = 100F

R = : = ATGIRE e (3.3)

Elot - G T Tl

When F= 16 KHez and € = 10nk

1
R= — - — = Qg% 00 ,,
.28 % 16000« 10 » 107 e (3.4)

According to the values caiculated in equations (3.3) and (3.4) the resistance is in the range
ot 995 S0 15924 7 To achieve this design requirement a 1KV 18 used in series with 15k /2
variable resistor which gives the resistance value range required, The frequency of operation
of IC21 is designed, using the same oxpression used in equation (3.1). since the (wo

oscillators have the same configuration.



This oscillator is low frequency type and there fore the capacitor is of clectrolytic type with

slow discharge. A 10p¥ capacitor is nsed here, The slow vseillating frequency is selected to

be 500Hz,
a 1
ST REFL
R ! 31.BRKD
= — = 3 1.38K10
408 % 5Q0 x 10 « 107F T (3.5)

A 32K resistor with +:10% tolerance is used as i is practically available within the range.
The RC timing for the 1C41 is designed using the refation:

T LM R (3.6}
The delay time is taken as [0s and the capacitor of 100pf s used as Cyy, the resistor Ry 18

¢alculated as follows;

From equation (3.6} above 1 RC = o RO= ¢ o

R=1eT0 R= et = BEIE e (3.7)

FIERY Gl

11
)
el ]

B

This resistance value 13 made to be 100kE2 1o nerease the delay time 1o about | s
The Darlington pair amplifier is designed using NPN transistors BC548 with specifications
given as: current amplification f§ = 106 and coflector resistor (foad) Re = TkEL.
Muaximnm power cutput Pp = 0.6W, Maximum collector current I = 0.5A |5)
The gverall pain of the amplifier is evaluated as:

A= i (3.8)
Where, Ay and A; are the gains of the two stages respectively. The combined current
amplification B =10,000. R, 882, Input resistance Ry, 3K €. Supply voltage Vi, ~ 9v.

The base resistance is evaluated as follows:



OO0 w3
i E

IKE = Ry |
1000 - 3 TP TR OT PP (G.16)

3

Solving the equation we have Rg = 2.21k€2

Quiescent collector current Lo

1 9
oo = = = 04SA
YOR = R E-LLEE 'SREY
oo = AEUmA (3.12)
Power ontput
P ! i._x.‘- R
T L T, (3.13)
P OOl (3.14)
The power gaitt Ap
ap = Em e = B e = 0BT (3.15)

Table 3.1 Door alarm circuit’'s components. and devices

COMPONENT CALCULATED VALUE USED VALUE
R 31.03K1 32k

[\ % FIED {00k~

Ciy 10uF 10u¥

Cay “T10nF | 10nF

Cn Clonk —TourR

Cay H00ur [ 100uF

VR 45 277 — 1531360

' Lk + 15k variable

4]




The designed cirenit of security alarm for doors and gates was constructed temporarily
on a breadboard to testils workahility and was found working properly after all the

required arrangement of the components in their places,

3.2 DESIGN AND ANALYSIS OF MORNING ALARM

The morning alarm is designed and implemented from the circuit diagram in Fig.3.2;

Fig. 3.2 Mo ning alarny civeudt diagn sim

The cireuit i1s made up of {wo transistors Q12 and Q22. T'he first transistor acts as a switch,
which is turned on and off based on the liglt intensity falling on the light dependent resistor
(LDIR). When the LDR is illuminated, the resistance reduces to tew ohms. This supplies
enough base current (o turn on transistor Q° 2, but in the darkness the resistance of the .DR
greatly increases and thus turns ofT the Q12 by culting the supply of the base current. The
output at the collector of Q12 is connected to the base of transistor Q22 for further
amplification and finally Q22 produces the output to drive the pieco- disk which generates the

alanm.



The light intensity at which the Q12 turns on and off is controlled using variable resistor
VR 2. The transistors Q12 and Q22 are BC547 NPN transistors with the lollowing
specifications [5]:

Cut-in voltage V, = 0.7v, Min current gain B = 100. Max collector current I — 600mA

Max. Power dissipation Py - 450mW. The circuit is powered with Vi -9v being within the
range the transistors can operate [5]

To abtain the value of tesistor R1, the following relation is used:

Where Vi ix the potential differenee between collector amd the emitter.

Rys = B2 o 088 TR L oot (3.17)

- b e

So [5KE2 i€ used for resistor Ry, The resistors Ry and Ri; are similar, used to connect the
emitters of the two transistors in order to improve noise immunity.

The values of these resistors are obladined from

Bax = mE = Uge Fo (3.18)
B e N (3.19)
Rey = 2o w100= LI6E7Mhcii e e (3.20)

J'r‘: 60{:

T — — -
‘f—T_ Ah_l:}l?=4
- I JREIH
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Since when the LDR s i total darkness the sesistance 15 m order of megaohms and when
fully tHmnated the resistance reduces o saome few ohms (less than | KOy

Here variable resistor 1K £2 was used as potential divider with LDR at the base to set the point
of switching on and off of the transistor G12. The Prezo- disk used 1s the type with mternal
oscillation so that the output of transistor Q22 sets it into oscillation

fable 3.2 Maorning alarm circuit’s components

[ COMPONENT | CALCULATED VALUE | USED VALUE '

{ !
l Ry 14,667k [SKE ?
lu;z 116,674 { 1200
R  ueera ) ! 12002
s - —l e |
Ci . 100K

| |

(‘:: - | 1tk
O - | BOS47
[ ' s  BCSYT )
e ) E
LDR - Gen. parpose
' VR2 . ’ 1k Q2
b'li}aln—\h - " R - r Gen. pFr[m.w -

This cireuit of morning alarm was constructed temporarily on a breadboard 1o test iis
workability and make needed adjustments and was found working properly after all the

required arrangement of the components in their positions,



3.3 DESIGN AND ANALYSIS OF AUTOMATIC NIGIIT LIGDT

The avtomatic night-light is designed and implemented as shown in Fig. 3.3

Fig- 3.3 Automatic nlghn Bghe cincuit =

As shown in the circuit diagram 1he automatic night light is controlled using 555-timer [C
multivibrator. The level of the light intensity on the light dependent resistor (LLIDR) determines
when the trigger signal to pin-2 is available. When the LDR is illuminated its resistance goes
low thereby allowing enough current to flow to tura on the IC which produces an outpat at
pin-3. This output of the IC is [urther amplified by the transistor Q13 whose oulput is used to
trigger the relay. Intotal darkness, the triggering current for the 1C is blocked so the output of
the 1C is low 50 that the transistor (13 is cut-oft: conscquently. the relay is also turned-ofT. As
it 1s known, the normally-closed and the normally-open relay terminals arc used based on the
desired operation.

To find the trigpering period of the multivibrator we use |17

T = LT R+ R Gl oo et e (3.24)
Choosing the period as T = 15m§ and the capacitor Cys is selected as 0. tuF, the value of the

resistor R)3 can be calcolated i1 Ry3 is selected as Ray = 120KQ

- e 2 Tt~ S T T T 7
2T T = Rt e (3.25)
T LI [T — 1 rAnar
i PEr—— L e {3.26)



Ri= 160363.0400. ... (3.27)
The resistor Ry s selected as 16K due to its availability and this would have nepligible
effect on the value of the period. Capacitor Csy of value 0.01uF is used 10 conneet pin-5 of the
IC to the grlound 1o filter vut any noise. Also capacitor Cyz of 0.1ul’ ix used as fast discharge
fiiter to further smoothen the de supply.
The triggering current o pin<2 of the JC can be in the range of 2.5mA and [5SmA. The

needed resistance is calculated as follows:

1.
USROS (3.28)
L R,
T (3.29)
s e
B o T OO (3.30)

Therefore a potential divider with variable resistor of 2.2K€ together with 1he 1.DR is vsed,
In this way. depending on the light intensity lalling on the L.DR the variable resistor is varied
ta set the triggering point of the 1C.

The catput of the timer 1C at pin-3 15 cannecied to the base of transistor Q13 through resistor
Ry for further amplification. The transistor used is a general purpose. NPN transistor with the
following specilications:

Turn-on voltage V= 0.7v., Collector current [ = 450mA. Power dissipution

Pp = 500mW Current gain factor f =100 (min). The part number of the transistor is BC548
[7).

The basc current of the Q13 is obtained as follows:



. - 450md 4.5
e === = 4 O
S S TR U RS U SRS (3.31)

This buse current is delivered to the Q1 through a resistor Ryy = | KE2 which limits the current

to the safe, maximum valuc. The de power output produced by the Q13 is evaluated as

follows:
o
P ‘::-=[:‘C‘(_‘:s?_ — [51 £3.32)
. - £ Rl:{
= ‘;: Cpnl
P.,.. =58 y22Ema -~ = 375wy
B 1000 e (330

The output of the Q13 drives the relay with the following specifications:

Part pumber, J7C 4088, DC trigger voltage — 9v. Maximum current capacity - 10A, AC
frequency = 50-6011z. The peak reverse voltage (PRV) of Diode D1 is [000v with maximum
current of 2.5A. Based on the specifications of the relay, 10A 230v-AC, 11 can carry the

following lighting loads sately. (Total rating. - 10 x 230 = 2300W).

Table 3.3 Load values for the morning alarm’s circuit

Power rating Number of Bulbs Total Load
60w Bulb 38 2280W
100W Bulb 23 2300W
200W Bulb | 2200W
S00W Security light 4 2000W




Fable 3.4 Morming alarm circuit’s components

COMPONENT ~ [CALCULATED VALUE [ USED VALUE
TS Vo ST

R 120k L 120k 2

|

R, Ik [Tk -
Cn - oder L0k
I(';-. 0.01] ul '{lll! ul

i('-.-. 0.1 ul jlll ul

VR : F3ak

_l),_-, S 1:'—_7 n [ IN4OO7

I DR = | Gen. purpose (CS¢)

The automatic night light, after the design was constructed icmpom rily; was found

waorking according to the design requirements.

JADESIGN AND ANALYSIS OF INTERCOMMUNICATION UNIT

The intercommunication unit designed in this project is made up of an amplifier that accepts
the mput stenal (vorce). amphifies it and passes it 1o the other end for the two people to
communicate. The second part is the oscillator that generates the alarm signal to alert people

being called.  The amplifier used is shown i Fig. 3.4

g o 1 + =9y
1o 100uF { Ras < ge chin €340 1000F
- 3 |6 -,T 220pF | €51 C ' 100uF
T TOA2822 | |, A .
S kg B ' 5 . Cai . A70 uF
108 < Rag _|_ a |¥ ry tohm™Y .
< 1 speaker
ohm Ry, Cz11 220nF
— e [ 1 !

Fron b e o amipitics o« umn




The amplifier s designed using an integrated circuit TDA2822 (see Fig. 3.4). The circunt
dhagram of the 1C 14 1s shown in fig 3.4(b}; |5]
Frequency GCamp. [ 4 8 {lhpplc reject
Gain setting [ 2 TOA2822 | i HBootstrap
Input I 3 & ’ Vee

Greund I -3 5} Output

Fig. 14 (h) TOAZR2Z2 Pin-Out

Phe 10149 can produce a maximum power optpnt ol 2Wn the range ol andio frequency
spectrum. The voltage supply 1o the 1C T4 15 m the range ol 3V 10 12V from a direct current
source. The output 1s defivered to a loud speaker of 8 €2 impedance. The mput signal 1s taken
mto the 1C through pim-3 while pin-5 produces the output. Pms 6 and 4 serve as the Voo and
the ground respectively. Pin-8 is a ripple reject which is used to control any distortion m the
input signal. Pins 7 and | (bootstrap and frequency comparator) are used to nulhly any
frequency iterference that can distort the signal. Finally the gain of the amplifier is controlled
using the gamn-adjust pin-2. This design used three-quarter of the maximmum voltage (9V) 10
avold any distortion, The capacitors C14 and Cyy are used 1o remove any de that may be
present in the supply 1o turther make 1t smooth. These capacitors may take values from 47ul
o 150ul [2]. This design used 100ul which 1s intermediate. Pin-7, bootstrap used tor
controlling mterference. is connected to the V¢ through the resistor Ry and teedback is taken
from the output 1o the pin-7 through feedbac’k capacitor Coy. The value ol this capacitor as
given by the manufacturers can be between 100ulF and 150ul J4) In this design 100ukF was

used to himit the feedback signal to its mimimum value



The value of the resistor Ry, is calculated as 1ollows:

S U - - 1

Where Vo — supply voltage

lg = bootstrap ¢urrent

Vi — bootstrap voltage
The supply voltage is Ve -~ 9v. the bootstrap voltage: Vi - aVee 1o Voo [ 5] Here Vi = Ty
was taken which is in the range and [z = 36mA (Typical).

To find Ray:

Therefore, 5602 was used as the Ry, as it is the available practical value in the range.

The frequency comparator is connected to thi: oulput via a feedback capacitor which is used to
compare the frequency of the output signal with the standard operating frequency tor the
stability to be maintained. The value of the feedback capacitor is calculated using the relation:

1 i )
O = = 2 P = RO S

- 8. 235X .-

- I

Where - frequency of the system X — reactance of the capacitor,
The aperating frequency is chosen to be 2.67 kllz. The reactance of the feedback capacitor is
supposed to be big in the range of 10M Q to 30M £ [3]. The bigger the value, the more stable

is the requency of the system. In this case it is taken as X - 27M Q.

i i _— e - P

e S o o T S lEB AT (3.36)
T val WILT WL WAL

e I L0 o (3.37)

Therefore, Ceay is approximately 220pF.



The resistor Ryy connected between the input terminal and the ground is used as a bypass
resistor 10 any de component that may be present in the input signal. The value ol the resistor

is calculated as tollows;

8. = it e he e e e . 3,333

Where V,y = maximum possible input voltage. [, = maximum possible input current.
From the data sheet {5] lor 1C, Vi, ~ 2v and 1,, = 220uA.

To find Kja substitute lin = 220uA in the equation (3.38).

Ry, = e = GOHOSELN e vove e e (3.39)

EENETED
In this design a 10kE1 is used as R4 becavsc it is the standard available value in the range of
the culculated values.

The gain ofl'the amplifier is adjustable which can be varied up to the point it would give the
maximum power of 2Watt. But by the designer’s specification, it is not good to operate the IC
at its maximum power output. The gain adjustment resistor takes the value in the range of 100
£ 1o 150 L2 AL 100 £ [3] the gain is maximum and it decreases with the increase of Ry,.

A 120 L2 15 used as Ry, to give a sale gain,

The ocutput of the 1C from pin-5 is partly bypassed to the ground to improve the distortion
prevention in the circuil. This is achieved by a series network of capacitor Cay and resistor Rag

The resistor takes a value of | £2 while the capacitor value is evaluated as follows:

Where '~ 2.67 kHz as before and the reactance of the capacitor Cay is taken as one-tenth of

ohe percent of that of Cgy [2]. That is 27kEL. Hence:

o = U T U U (3.40)

- § 28 28T IR 02T v1lt




Cop 22088 x 107'F, = Coy - 22088x 107 F  Coy= 2200F

The capacitor Cyy 15 used to couple the output to the loud speaker. This capacitor should be
chosen mn such a way that 1t should supply the “ull output 10 the load from the 1€ The
manufacturers show that it can take a value from 220uk 1o several hundreds of microfarads

and operate efficiently [5]. A 470uk was selected lor this purpose.

Table 3.5 Intercom’s amphifier circuit components

!T()M]’{ INENT T TCALCULATED VALUL. TUSED VALUE

_'I_ll-\;!-,'glfcd ciremit ] . T TTpAZS22M
Resistor Rq 100909010 |10k
' Ry e . TP
Ru S lssse 5642 -
— e 1 =  |10a -
(Capacitor Cpy —Twow
T Ca 22088 x10°F 2200k o
G = 100ul
[ Ca B P 470ul |
- Cea . - - .—.Il}liu}-—‘_ N
- e 22088 x 10" 2000

Loud speaker - RO




The oscillator used as the ringer that generates the alerting signal at the recciving end to alert

the person that there is a call is designed as in the cireutt diagram shown i Fig. 3.5,

+ ® :
Qg /.fl
——!' 4TI
R153 33K 015 :

L

cns 2400 ahrm
3K cz “35
';"J 100uF A —I___.

' n1ur QUTPUT
Y

Fi‘; 3.5 haterconm pinge circult cinarann
The esciilator is designed with two transistors Qs and Q=5 which are NPN and PNP 1ype. The
NPN is C945 and the PNI* is A733. The Q)< is used as the main oscillator that penerates the
basic oscillation iTequency. This is achieved using a network of resistor Rgs and capacitor Cys.
While the capacitor Cos is used for providing feedback to the base of transistor Qs which is
necessary for the maintenance of the oscillation. T'he vutput of transistor Qs is directly
coupled to the base of Qg5 for lurther amplification. The tinal cutpat of the second tramsisior is
delivered to the load through resistor Ris. The two transistors are general purpose, silicon
transistors with the lollowing specifications:
Cut-in voltage V, = 0.7v. Minimum current gain B 80:
Maximum colicctor current ¢ = 0.4A, Maxinium power dissipation Pp = 0.5W;
Chosen value of base current 1y - 250uA.

To find the value of the resistor Rys:

Rl 2"‘”:‘_“7, ..................................................................... (340

m EC E N

wy

Ris =324 ) L (3.42)



A 33k €2 was used as the value of Rs since 11 1s the standard available value within the range
of the calculated value,

The value of the feedback capacitor C25 should be as small as possible mn the range ol 001l
1o 0.03pF for fast discharge. In this design 0.01 p Fis used,

lo find the value of the capacitor C <, its capacitive reactance should be the total of the
reactance between the base and the ground.

To find the reactance. the following relation is used:

................................. (3.43)
But I = 1y~ 80 x 250 x107 - 0.0224A
¥, wa = JORVAL oo s i s s A e (3.44)
I'he selected frequency of the oscillator 1s 1500112, To find the capacitor Cs, use
£i: = —_-— ............................................................................ RN
s = T, e (3.45)
e [ 2:40)

Cis=102% 1OF....couie
In this design a 100 pF s used as the approx imate value.
In case of resistor Ras 1t s equivalent to Rys. So Rys = 33K €. The resistor Ry« is a load
coupling resistor which is used to couple the output of the oscillator 1o the load. Its value can

be taken arbitrarily in the range of 100 € 1o 470 €2 A 100 £2 1s used in this work in order to

get high current 1o the load.
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Resistor R 15

Fable 3.6 Intercom’s rimger circuit components

CCOMPONENT

Transistor  NPN(Q15)

PNP(Q25)

Capacitor C ¢

Cas

oy

CALCULATED VALUL

32149 Q

321490

102 x 107F

TUSED VALUE

o3

| A733
33k Q2
|' 33k Q2
100 £
00

L 0.01 i

The combined circuits of ampllﬁer and alarm were constructed It‘l‘llpllrd rll\ on a

breadhoard to test the workability of the intercom and was found working properly.

SDESIGN OF AUTOMATIC EMERGENCY LIGHT

The automatic emergency Tight that comes on automatically in the event of power farlure and

goes off when the power is back s designed ind implemented as in the ciremt diagram shown

in |1g 16
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The circuit as shown above is made up of two basic parts. They are the battery charging unit
and the switching unit. The battery charging unit used for charging the standby battery
consists of a transformation section made with a step down transtormer, the rectification unit
made with rectiticr diodes D\, — Das. and the filtration unit using a capacitor Cye. The output
of the tilter capacitor is passed through an adjustable voltage regulator, LM317 tor adjusting
the leveld of voltage to the desired value. There is a charging control circuit used for
controlling the charging ol the battery. That is. when the battery is fully charged to a voltage
of about 6.8V the control transistor is cut-off co that the charging ol the battery stops. As the
voltage of the battery drops the charging continues.

The switching unit of the circuit is made up of a switching transistor and the base
resistor 1o the capacitor.
The transfarmer is a step-down type of 230V 7/ 12V and 500mA current output.
The diodes for rectification are Dy, — D4, = 1N4007 of peak reverse voltage 1000V and

maximum current capacity of 2.5A. The filter capacitor Cyr is selected using the relation

V... .3

X = O.L0L011GF
AUfee,  COLXBEEC W L20 (3.47)

Oo2 3000.F. L e e (3.48)
Where the V. is the maximum voltage required lor charging the batlery, 6.8v in this case,
AV is the ripple factor, 0.0V in this case. The [, is the peak to peak [tequency of the full wave
rectification which is twice the maximum frequency n the input (50Hz). Ry, is the load
resistance to the output of the circuit.
The variable voltage regulator used can take in voltage in the range of 3v 10 42v and can give
an oulput voltage of 1.2V 10 37V with maxinmum current of 1.5A. The level of the output

56



voltage is adjusted using a variable resistor VR, As given by the IC manufacturers the
22K is the resistor range that can give this voltage range.

A diode D56 (1N4007) 15 used n series with a power resistor Ry (5W. 1662} to regulate the
charging current of the battery and prevent the backward movement of the voltage (or current)
from thic battery when the power fails. A Zener diode Z1),, as stated belore, limits the voltage
to the battery at its breakdown value of 6.8V,

As long as the voltage does not exceed the maximum value of 6.8V the Zener diode conducts
and therefore. the base of the transistor T16 gets supply and the T16 conducts and the output
of the regulator continues to flow to the battery.

Since the base curtent of the transistor is as fow as 6mA ( from the data sheet), the base
resistor is calculated as follows:

R = e (3.49)

¢ =
% J"F T

R = 1133330 (3.50)
A 12K resistor, with +10% lolerance which can serve the purpose.
The switching transistor I'L6 has a base current of 1 5mA (max), here a 1K base resistor is
used 1o regulate the current to the basc of the ransistor, where in this case the current is

obtained as follows

This current (9mA) 1s a safe base current that can turn on the transistor without damaging, it
since il is less than the maximum value a (i.c. 13mA).

The transistor T16 is B1)140 which is used as the switching device that turns on and off the
emergency light as the mains goes off and come on respectively. When there is mains supply,

the base of the transistor which is connected to the 1o the output of the rectifier through a base



resistor Ryq 15 high and therefore the transistor is not conducting since it 1s PNP type. So the
emergency light is off in this situation. but in the event of mains power fatlure the base of the
transistor is low and therefore the transistor begins to conduct and this results m g on the
emergency light. The resistor Ry, is used to Hirit the base current (o the transistor to a sale
value. Here a TKE2 resistor 1s used which keeps the base current o the maximum value o 9mA

which safe for the transistoar as follows;

This transistor can withstand a maximum load current of 1.5A. Where the load current is
higher than this. a transistor with more current capacity is used and a battery that produces
more energy (ampere-hour) should be used depending on the amount of load and the duration
ol operation of the emergency light

Table 3.7 Aumtomatic Emergency Light Circuit’s Components

COMPONENTS CALCULATED VALUE [ USED VALUE
D16 - D56 . INAOO7

R - 7w
R26 |- T

R36 1133.3302 1.2k

R46 : 16€2. 5W

[ VRI6 - AR

e - BDIAO

7 EE o IBesas

/D16 . - 6.8V, 0SW

——— — 4 _ o




The circuit of emergency light was constructed temporarily on a breadhoard to test its

workability and was found working properly.

3.6 DESIGN AND ANALYSIS OF LASER BEAM SECURITY ALARM
The laser beam security alarm is designed and implemented based on the arrangement shown

in Fig. 3.7

| STy O
Az e | nfl J{J ‘L‘
C s NN Lmse j
Bommn
Lo~xer
ABEenm Lavwor
Howun e Boowm »
Mirror 'E":'::::‘
. Laser
Fig. 3.7 Geneval acangetnent of the Laser eam alarm systen Torch
2
T

As shown in Fig. 3.7, the whale security system is made up of a laser torch which generates
the laser beam. A combination of planc mirrors (M1 — M2) is used 1o direct the beam around
the building (e.g. House) 1o form a net. A light dependent resistor is used as a sensor to detect
the beam. The lascr torch used has a part number LST 1390 and the strength of the beam is
un-attenuated if the total distance docs not exceed 500m. The arrangement of the plane
mirrors is done using the law of reRection of the plane mirror which says ‘the angle of

incidence is equal to the angle of reflection’,



The LDR is kept in a along pipe to proteet it from other sources of light around. The LDR is
connected direetly 10 an alarm circuit that produces wurning alanm whenever someone crosses
the net of the beam and blocks the beam frem reaching the LDR., This blockage serves as the
trigger pulsc to the alarm circuit.

The whole system of the alarm is designed and implemented using the cirewit areangemoent

shown in Fig, 3.8

SRR

“v:.]—_ {iHD
Fig- 3. & 1 aser Beam Alann cincuit dlagn am

In the first place when the light falls on the 1 DR its resistance goes very low in such a way
that carrent {lows from the source and turns on transistor Ti7 through a base resistor Rys. in
this case the resistance between the collector and the emitter ol the T17 is very low so that the
current flowing from the source through resistor Ry, goes directly 1o the ground and therefore,
the base ol the tranxistor 127 would not have cnough current 1o turn it on. In thas sitnation the
transistor T27 is off and consequently the relay is off and hence the alarm is also oft. The
Laser light ix the one that provides the illuminating, light to the LDR as a resull of the Laser
beam dirccted to it.

When someone crossed the path of the Laser beam. the LDR is in darkness. In this
case the transistor T17 is turned off because, there is no base current to it due to the high
resistance of the LDR that is in darkness. The current from the source through the resistor Ry;

serves as the basc current to the transistor T27 which turns it on, ‘The vutput of the 127 at its



callector s used to trigger the relay which in turn connects the base of the transistor 137, The
output of this transistor supplies the trigger input to the pin-4 of the S55-timer circuit and
hence sets it into oscillation. The output of the oscillator is used as the alarm signal.

The whole circuit is powered using 6V DC supply which is enough to drive the 6V
relay. When illuminated with the beam of Laser, the LIDR has an average resistance of 60062
and the transistor T17 requires a basc current of 2mA 10 SmA to be on {5]. When the resistor

Ry is arbitrarily chosen as 1k€2, the corresponding base current is obtained as follows.

[y = ———£& = — —— = 3785 A e e e £3.830
B — RBens 18800 = &G0 ’ '

Therefore with a base resistance Ry7 — 1kE and LDR thuminated the base of the ranststor T
gets a current of 3.75mA which is enough to turn it on. But in total darkness the LDR has a
resistance of average value 1.12MSQ. Using this value the base current now is as follows:

. &
ir = = = = 53504 . 0. §3.54)
;'-:'1- - R."'T'F 1300 — 112'30'36 ’

This current is far less that the minimum base current 2mA so that the 117 is turned off.
The value of the resistor Ry; which supplies the base current to the transistor T27 is obtained

as follows:

Where the supply voltage Ve ~6V. cut-in vollage Vi 0.7V and the transistor is BC547with

low base current of 0.5mA and a minimum gain of 100 |5]:

- = S5 — 2.7
_— Lot =3 > il 4 P PR
Ra- = = = LOECO0 o e (5.55
= SN ] :

A 10kQ £10% tolerance is used as the Rpy since it can give the required calculated value,

K1



The output of this transistor is used to trigger the relay on and off as the LR experiences
light and darkncess. The Diode D17 is placed in parallel to the input terminals ot the relay in
order to protect the transistor from the ¢ffect ol back electromotive force from the relay due
its sclf' induction. The diode is a general purpuse type with number IN4007, peak inverse
voltage of 1000Vand maximum current of 2.5A.

The output of the retay is delivered te the base of the transistor 137 which serves as
the  driver to the reset input terminal (pin-4) of the 555-timer 1C. The relay directly connects
the base of the transistor to the circuit supply voltage (Vo) when it is on. The value of the
base resistance is evaluated as follows;

t-

=z — Ysrz

.qu\

Where Vg = 6v, Vi = 0.7V, ligme - 0.4A and = 100 {min) tor the transistor used |5].

The base current is thercfore obtained as follows:

The basc resistor 1s then calculaied thus

Bo— LT

- T e = = L =1 -
e =Ty 13250 T3.830

To keep the base current below the maximuin value (i.c. 4mA) Ry s taken ay 1.5k which
helps in making the base current less than its maximum value,
The astable multivibrator circuit using 555-timer K is designed to produce the alarm audio

signal. The frequency of its oscillations is calculated using the relation:

62
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<, CIR_- 2 /7=~

The frequency should be within the audio range (20Hz 10 20 kHz). here 5 kHz is selected. The
capacitor Cy7 — 1s chosen as 001l (making sure that it is above S00pk. below which noises

can be imtroduced 1o the circuit due to the elfect of stray capacitances [ 1]). The value of either
of the resistors can be selected arbitrarily provided Ry + Rsy s greater than 1Ke2 and less than

33ME 1] So Rq1s chosen as 4.7k62 and Ry 15 evaluated thus:

o 1~k = =
Scog = T — — - = o . . saw 5 iea . e ran § SO0
VOL N LICTE v N~ —d 4  H S S |

After simplifying this. Ry7 is obtained as Ry 19400€2. But a standard 20k£2 resistor is used
as the Ry; which produces a small change in the selected frequency without any negative
effect on the circuit performance. A 1k elecrolytic capacitor 1s used 10 couple the output of
the oscillator with the loud speaker.

Table 3.8 Laser-Beam alarm cireuit’s components

COMPONENT — [CALCULATEDVALUE  [USEDVALUE
LDR ' e GEN PURPOSE

17 - o BCS47

127 . - BC547

137 : . - _J?'TMS' :

R - I
. 10600 10k

Ry - 13250 ] sk

R 1940052 20k

.Rw - : - - '4 71;.—_

ik



s : = = o 0.0k o |]
}_L'r _ _ T < i_l pl o 1
Dy, R o | - INAO07 <
ll('l‘: N o 3 n 535-TIMER '
RELAY . 6v DC. 10A ;

The circuit of laser alarm was constructed based on the design and the arrangement of
the sensors and it was found working after some adjustments,

3.7 DESIGN AND ANALYSIS OF DC-MOTOR GATE CONTROL CIRCUIT

I'he circunt that is used to control the DC motor used tor opening and closing the gate s
shown in Fig. 3.9,

« ¥Yece

- 528
- S45
AM— [J_J
®1a £|E
| RL23

Fig. 1.9 D Motor Gate control <incum diadg an

As shown in the circuit diagram of Fig. 3.9, two identical transistor-switches are used for
trigeering two relays that finally drive the motor i Torward and backward directions as the
two relays are triggered on and of 1 alternativzly.

The transistors are of NPN type each supphed with a base current that turns it on through a
base resistor. Each transistor has its emitter connected directly 1o the eround and the collector
output is delivered to the input of the relay. Diodes Dy and Dag are comnected 1o the input
terminals of the relays to protect the collectors of the transistors from the effect of the back

0O



electromotive force from the self induction of the relays which can damage the transistors.
I'he output termmals of the two relays are connected 1o the two input termmals ol the DC
motor. In this way. when switch S18 s pressed the relay RLjg s on while the relay Rlagis oft
so that the motor 1s driven i one direction and when the switch 828 is pressed the relay Rl
is on and RL g 15 oft. Therefore the polarity of the voltage supplied 1o the motor changes and
hence the direction of its motion also changes. Theretore by pressing the two switches (818
and S28) the motor s driven in forward and backward directions. Connecting the moltor 1o the
mechanism of the gate properly. it can be used 1o open and close the gate remotely.

The value of the resistor Ryg which supplies the base current to the transistor 118 1s obtamed

as follows;

Fi. = — Ces ean sme mem e e ban see eem oaee vee s 3.1

Where the supply voltage Vo 12V, cut-in voltage Vi 0.7V and the transistor s

BC337with base current of 0.5mA and a minimum gain ol 120 [5].

Hje B et = wee—ee—oms D SGOIQEY .., oer oy s o L DS

-~
4 = —

13

tn
L

A 22 k€2 resistor with £ 10% tolerance is used as Ry since it can give the required caleulated
value. Since the ressstor Ry and Rog are similar they have the some value of 22 kL2, Similarly
the transistor 28 s identical 1o the TI8 (BC337)

The protecting diodes are general purpose type with number IN4OO7, peak reverse

voltage 1000v and maximum current of 2.5A.



Ihe relays used are triggered with 12V DC and can carry a maximum load current of 10A. In
a situation where the motor controlling the gate needs higher current the relays are sumply

replaced wath others that can withstand the required current.

fable 2.9 [XC-Motor Gate control ¢ireut’s components

COMPONENT [ CALCULATED VALUE [ USED VALUE
R bﬁlﬁl o 1 22k€2, 10% tolerance

R ! 2260062 ! 22k€2 10% 1wlerance

Dhx - IN4BOT

Phs - IN4007

118 - - 1BC337 B
FI:R i ' _17 - __ BC337

RLs —4 - levpcoroa
R1a . VDO, 10A

The DC motor gate control cirenit was constructed temporarily on a breadboard for
testing its workability and was found working properly after all the required connection.

It could open and close the gate.



3.8 DESIGN OF POWER SUPPLY UNIT

The gencral circuit ot the power supply unit of the project is shown in Fig. 3.10.

Bridge IC requlator

rectifier 1806
SN g b R
—LI cto __L by
Multi-uotput Bridge IC regulator __i"

Transtormer reqtifier . 7809
o— |EBv |t — 'L ! -“:;

, cr¥e =
_L?:. o sz - |_' b : .*_
VAL 3 ""““—"E— IC regulator =
INPUY Y

Ae * 1812 [
o] |3 "L eg T 12v
' L_L—I——o = _l_

124~ zentre tap

Fig. 3.10 General power supply circuit diagram

A multiple-output transformer that takes in 220V-230V from mains source and produces
various stepped down voltage of 6V, 9V and 12V. For 6V and 9V four-pin bridge rectiliers
are used 1o reclily the stepped down voltages to direet-current voltages. But for the centre tap
12v output two diodes are used to get the full-wave rectified 12V output. The outputs of the
rectitiers are passed through filter capacitors (o remove the ripple components to make the
cutputs smoother. The values of these filter capacitors are caleulated using the relation below;

-
o= r P T

= U L 2. T T = R = I

Where the Vi, is the maximum voltage required, AV is the ripple facior. The £ is the peak to

peak frequency of the full wave rectification which is twice the maximum tequency in the



input (50H2Z). R, s the load resistance to the output of the circnit. The filtered outputs are then
connected to integrated circunt regulators 1o produce the hixed vohages required. In this power
supply system 12V, 9V and 6V regulators are used 1o give 2V, 9V and 6V respectively

These voltages are the ones needed by the different parts of the system ol this project.

NOTE

After the design of the various sub-circuits above and testing, the whole system was also
constructed temporarily based on the complete cireuit diagram shown in fig. 3.11. The
circuit was found working after all the necessary adjustment on the difterent sections.

Finallv, the whale circuit was constructed permancntly on a veroboard.
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Fig 3.11 Complete circuit diagram



CHAPTER FOUR
MEASUREMENT ON THE SYSTEM
40 INTRODUCTION
I'his chapter presents the measurements carried out on the designed cireuits in this project
The aim of these measurements and experiments is mainly to help to visualize the actual
operating condition of the system usmg devices hike oscilloscope that gives the waveforms as
well as the values of parameters like time and voltages
Different measurements were carried out which mclude. testing the intercom
amphifier. gain measurement of the amphifier. testing the oscillator the using oscilloscope.
frequency measurement for door alarm. measurement of input power for door alarm and
frequency measurement of laser alarm. The other measurements are ol power consumption of
the de-motor gate control circuit, power consamption of the automatic night light circun,

frequency of dayhght alarm and of power consumption of the emergency light circuit

4.1 TESTING THE INTERCOM AMPLIFIER

The amphfier was tested using a signal generator that gives sinusoidal signal wavelorm as the
mput and osclloscope was used to visualize “he ontpul signal as shown in block diagram of
Fig 4.1

Oscilloscope
Signal generator

R = 1 B - ]

amplifier

——

Fig, 1.1 WEPCOM AMPLIFIER TEST'S BLOCK MAGEAM



Ihe signal generator was used to apply mput signal of different frequencies and the output
wavelorm was observed at the output terminal (oscilloscope). In each case the outpu
wavelorm is an amplified version of the sinusoidal input signal with some distortion as shown
in the Figure 4.2. The oseilloscope used is a dual channel 1ype and in this experiment, one ol

the channels was used.

Fig 4 2(a) Input Waveform (b) Output Waveform

4.2 GAIN MEASUREMENT OF THE AMPLIFIER

Ihe amplifier was also tested to determine the levels of the peak-to-peak input and the outpin
voltage signals on the wavelorm from the oscilloscope and hence evaluate the approximate
gam of the amplifier. A signal generator was used to apply input of different frequencies and
the correspondimg outputs peak-to peak are measured from the wavelorms. The bloek diagram
of the experiment is as given in Fig 4.3 below;

tscilloscope
Signal generator

Cht CA2

ampiter | I

. R Il e A

Fig. A3 GAN FEASUREMIT'S BLOCK DAGRAM



Lable 1.1 Gam measurement data

lilpul Irequency | Peak-to-peak Peak-10-peak Gamn (V/V,)
Input voltage (V) Output voltage (Vi)
10012 3.8mV T |27 6mv s
25kHz 3 8mV — 1setamv w17
| 1.9kHz [ 3.8mv 1503 9mv (1482
EETE ] T8mV $33.2mV 148 1
9 7kHz o 38mv  setemv 1478
12, 1kHz i 3 8mV 385.7mV s
. i

The table as said carhier gives the values of the measured veoltages a1 the input and the ouipul

peak-to-peak of the amplifier. The gain at each mput frequency is evaluated as given above

The plot of the gatn agamst the frequency is piven by the Fig. 4.4

Lm
F 3
160
. -
140 *
120
100 -+ *
80 + ~—— BEanibwiith
(I
10 +
0oy
-
ot 1.3 25 w7 9 N1 7.3

Fro L4 Gaaph of Goan Fropiency of the aonplifie)

0 S | J— —1{ ¥

8.5 9.7 109 12.1

A Frequency (kHzy

From the graph. the gain at the horizontal hine 1s 1104 which 1s the 0.7071 of the maximuom

gain (148.2). the bandwidth is therefore. approximately (0.35 k11210 11.9 kHz).



43 TEST OF THE OSCILLATOR USING OSCILLOSCOPE
I'he oscillator used as a rmger was tested using an oscilloscope 1o visualize the waveform of
the output signal and to determine Irequency of the oscillation. Figure 4.5 depicts the

arrangement used for the experiment.

GSCLOSC OPE

_l e Chi  CZ

|
OSCILLATOR } ’

Frg. 45 ntercomn’s Pinger test Block diagi an
I'he oscilloscope was used to visualize the waveform ol the signal From the oscillator. The
wavetorm observed is time varying signal, which is approximately a square wave in shape as

showii m Figure 4.6,

Frp Lo Bimager iosollaol on b Wavetonm

Fo measure the fundamental frequency ol the oscillation of the oscillator, the periad ol the
fundamental frequency of the signal was taken from the oscilloscope which was obtained as
0.7 msee. The frequency was evaluated as follows:

= ey = 2857 Az (1.1)

s value of the fundamental frequency obtamed is not exactly equal to the design value

(1500Hz). but within the range of the design value. The variation is due to some design

~d
-



problems of deviation in the values of the parameters of the components used or from

the mistakes on the side of the designer.

44 FREQUENCY MEASUREMENT FOR DOOR ALARM
I'he fundamental frequency of the door alarm was measured usmg an oscilloscope. The block

diagram for the measurement is shownoin Fig 4.7

OG0 ILLOSCOPE

 nmmcns | RSTkE

" DOOR ALAPM CIPCINT L ) =}
r_

Fior 1.7 Block diagam of agency meastmenent of doog alain

When the variable resistor was turned fo its maximum resstanee the output terminals ot the
oscillator (alarm circuit) were connected to the oscilloscope as shown in Fig. 4.7 and the

wavelopm was observed on the oscilloscope as shown i Fig 4.8 below

Froo. 1.8 Wavetotin of the Door anm oscillatog



Each division on the horizontal (fime) axis is 0.1mS and as scen in Fig. 4.8 the period of (he
fundamental frequency waveform was made up ol eleven such smaller divisions. Therefore,

the period:

T=1.tmA. So the fundamental frequency was calculated as [ollows;

1

m= 1R L0 I (4.2)

1
f:::
4

But when the variable resistor was reduced to its minimum value the waveform observed had
the same shape with the one in Fig 4.8 but the period then was 1~ 0.65mS. The fundamental

frequency was therefore cvaluated as follows;

f o = S ABEBAE HIi (4.3)

These fundamental {requencics are not exactly equal to the designed values (1 k117 to 16 kl17)

bt are very much close to the values in the range.

4.5 MEASUREMENT OF INPUT POWER FOR DOOR ALARM

Digial Multsmeter Digital Maltimeter
Py :. ...l £ A
-
+ wy [ i W: Sanamine
POWER Alarta L POWER t o Alam
SOURCE ol i clrowit 1 STURCE ooy 0 cunk
Fig 49 (a) vohage measuremert (o) fweent Mmeasta ement

The input voltage for three different measorements and the corresponding input current are as

presented in Table 4.2,



Table 4.2 Input power for Door alarm data

' Serial Number

Power consumed

Inpun \'t.‘li‘[iit.'_t.‘ (V) \ Iﬁpul Current (mA)
867 3 B -
I X3 - L 3.34 -
851 _ 1351 -
8.67 3.35
BEIV x 3 35WA = 29 0TMW s v s s s s {4.4)

4.6 FREQUENCY MEASUREMENT OF LASER ALARM

The operating fundamental frequency of the laser-beam based security alarm was measured

using the arrangement shown i Fig 4 10 The cireut diagram of the Laser alarm s given by

the block diagram. While the Oscilloscope used is as shown in Fig 4 10

L ASER-BEAW
OSCILLATOR

OSCILLOSCOPE

“ Chl a2

T

Frp. 110 Block diagn ot tor laser alanin i equency measu enent

The wavetorm of the signal as observed on the screen 1s given by the graph shown in

Fig4.11.



Fup L1 Wovetotm of Laset beam alanm ioscdlaton

I'he wavetorm of the signal as observed on the oscilloscope was rectangular as shown i
Figure 411 above. The fundamental frequency of the oscillation was caleulated as follows
[he pertod of the signal as obtained from the graph of the waveform is 120uS. And the
fundamental Irequency is given by the reciprocal of the period as follows

f - = : _ . (4.5)

(4.6)

4.7 MEASUREMENT OF POWER CONSUMPTION OF THE DC-MOTOR GATE
CONTROL CIRCUIL

['he power consumed by the DC-motor gate control circmt when 1t 1s i operation was
measured in the following experiments. Figure 4,12 illustrates the arrangement used for the

measuraments

t— ¢ DC Mt powes
DC-Metar power sta

'] cantial circut Suppl
contral circuit supply wie 4

Fup 1,12 ab Vollage ineasin etnen iy Camr et e asin erent



When the motor was moving forward and bacsward 1o ¢lose and open the gate. the values of
the voltage and the current were measured. Table 4.3 presents a summary ol the
measurements taken

Table 4.3 Data for power consumption measurement of DC-motor

Serial No. | Input voltage I Input current In'pul voltage Input current

Forward (V) LI*‘nr\\urdIIm) Backward (V,,) | Backward (1,,)

i 114V 3SmA 1.6V mA
2 11.5V l 37TmA 114V 37.7mA
3 11.8V BmA 1.9V 3mA
4 113V } 36mA 1114y 37.7mA

— e - —————— SN S — -

Ihe average power consumption ol the motor 1s 405.2mW from the table above.

4.8 MEASUREMENT OF POWER CONSUMPTION OF THE AUTOMATIC NIGHT
LIGHT CIRCUIT

I'he power consumed by the lamps was determined by multiplyving their power ratings with
their number. But the power consumed by the circuit that controls the lamps (by putting them
ON and OFF) was determined by measurement as shown by the block diagrams of

Figure 4.13.

f I |
) l | A at ™ ! ' !
Avmornatic gl . " — onluI ‘: (TR I anlar
| {0
t'ﬁlllli“l"rll wr | ! ' supply | cantrel cirewit } | “upply
| l
| RTTER R A Voltage mieasurement Ay Coprent e asin enent

78



When the light dependent resistor (LDR) was covered to trigger the circuit. the lamps came
ON and the voltage and the current consumed by the power supply were measured and

tabulated in Table 4.4,

Fable 4.4 Data for power consumption measurement of Automatic Night Jight

Expenment Number ' Input Corrent ! Input Voltage

K [ 85.2mA 8.87V
2_ - R P_S() l[l;\ N o ] 8.""]@ o |
z__ 884mA |87V ” Jl
Average [86sTRHA 884V _\

I'he average power consumed by the control circuit 1s given by

P.ln- v.n.- by l,:\-- {"l-?}
Pice = B.BEAV x BOSTMA .ociivavinnviiiaiias Ty TP [ T D LR ey Lk
Poe =763 28BMW = 0.765W .o veveieannns o (41.9)

4.9 FREQUENCY MEASUREMENT OF DAYLIGHT ALARM

The waveform and fundamental frequency of the daylight alarm circuit were analyzed using

the block diagram shown in Fig.4.14.

OLCILLOSCOPE

—_— ,_ ‘+ _-
DAYLIGHT ALAPM I
OSCILLATOR

Fro. 404 Block g i of frequiency meastieine of of Doayliaht alarm



Figure 4.15 gives the actual picture of the wavelorm as seen on the screen ol the oscilloscope

Fig, 115 Wovetorm of Daylight alti coscillatorn

I'he waveform of the output of the dayvlight a arm as shown in Fig 415 18 a tnangular wave
The fundamental frequency of the waveform is evaluated by hiest finding the peniod of the

wavelorm. The period of the wave was obtained as 480uS. The fundamental frequency was

then calculated as follows:

- . — = 5 3.33M2 ; (4.1

L 10 MEASUREMENT OF POWER CONSUMPTION OF THE EMERGENCY
LIGHT CIRCUIT

I'he Emergency hght comes on only when the mains supply fails. The Light gets its supply

directly from the standby battery. The power consumed by the emergency hight was measured

usig a digital multimeter

I'he voltages and the currents were measured Tor three different times when the Lhght

{emergency) is on and the readings are tabulated 1in Table 4.5,



lable 4.5 Data for power consumption measuement of Emergency hight Circuit

Experiment Number Input Corrent [ Input Voltage |
I T “ssiv ]
2 . [ 260mA | 5.90v

s {mma sV
Average 26.5mA o S8IV -

The average power consumed by the light circuit is given by:

Pl ™ Mol e s ayeass AR AR (4.11)
P e DRIV K 2B s i cimcammcn v s s A e b R oA B A e (4.12)
P, 1533965mW = 0. 154W. ... . P 1 8 I § |

411 OVERALL PERFORMANCE OF THE SYSTEM

The system after final construction was tested to access its overall performance i terms of
operation and stability. The system was found working with high quality performance
because, all the various sections of the syster were working satisfactonly as expected.
Howcever, the stability of the system’s operation was found very satistactory since it was kept
in aperation i the laboratory for a period of five hours and no any malfunction was observed

durme the period.



CHAPTER FIVE

CONCLUSION, LIMITATIONS, RECOMMENDATIONS AND REFERENCES

5.1 CONCLUSION

This thesis work of design and construction ol an ¢lectronic securily assistant 1s aimed
at coming up with a system that would help in enhancing the security services in our hife
environment. The system was designed ind constructed. However, measurements and
experiments were done mainly to help 1o visualize the actual operating condition of the
system using devices like oscilloscope that gives the waveforms as well as the values of
parameters like time and voltages and also devices hke digital multumeter which s used for
measuring the actnal values of voltages, currents and other parameters. These measurements
cnable us to know the actual working condition of the system which is very much close 1o the
expected performance from the design of the system.

I'he system was found working as expected from the design stage. This system when
produced i industry in the size that could be used practically in our homes and other parts ol
the environment it would definitely help in making the work of the security personnel easy.
effective and very sale. Morcover. il the production of this system is done in Jarge quantity 1t
would help in making the system affordable to the people and it would definitely help in

providing employment to many people in the society



5.2 LIMITATIONS

I'he electronics projects like this are detinitely uselul 10 the people due 1o the roles they play
i making hile easy and comfonable 1o the users. But no matter how pselul a project s 10 1he
users it must have some limitations to its applications. This project being not an exception has
limitations to its apphcations.

Some of the limitations of this projeet include the Tact that its intercom unit 1s not
wireless and can be used for communication between only two people. Also the aomatic
emergency light that s used in this project can work for not very long time due 1o the small
capacity of the storage battery used. In addition, the door / gate alarm sub-circuit could only
give a warning alarm when the door or gate 15 actually opened. This could enable the
criminals o have an access to the place by drilling a hole on the door without necessarily
opening 1. Another limitation of the application of this project work is that it could only be
used tor alerting the security man about the presence of a crimmal person but it can not take

any action in helping to trap the criminal.

5.3 RECOMMENDATIONS

As seen above. this project has some limitations 1o its application. For this reason some
suggestions would be given on the further work that should be done in order o improve its
performance by eliminating the basic hmitations associated with it These recommendations
include the following:

* Ihe fntercom unit of the system should be made wireless so as to improve its reliability in

such a way that the criminals can not deactivate it by cutting the connecting wire:



¢ The number of the (erminals and the range should be improved to cnable the security o
have contact with other people especially the police in case of emergency;

» The duration of operation of the autonatic emergency light should be improved by
using a storage battery with higher storage capacity:

*  The door / gate alarm should be made to have the ability to give an alarm when
someone touches it without necessarily opening. This would make the doors and gate
more secure;

e [inally, it 18 recommended that the system should be made more intelligent by
incorporating a provision that can serve as a trap for arresting the criminals when

detected by the system.
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