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ABSTRACT

The design and construction of ultrasonic intruder detector is described in this
project.

The project uses ull-rasonic' sound, which is gencrated by using 555 timer, The
transmitted signal is then received by another transducer (recciver).

The objective of this project is to detect intrusion; this ‘is achieved when an
intrucler breaks the reception, thereby setting up an alarm.

The theory, design, circuit analysis, block diagram and circuit diagram with

values are provided to give adequate information about the design.

Xt



CHAPTER ONE

1.1.0  INTRODUCTION l3]

This project is based on the “DESIGN, CONSTRUCTION AND TESTING OF
UliTRASONlC INTRUDER DETECTOR?” stating clcarly the device is used to detect an
intruder coming across it. Using an ultrasound is better than other mecans used in intrusion
detection e.g. infra-red.

The term ultrasonic refers to the science and technology dealing with acoustic
waves (elastic waves or stress waves that is mechanical waves), the frequency of which is
higher than the nominal limit of audibility by human car. It is nominal limit since it is not
definable in exact terms, only on some statistical bases because it also depends on sex
~and age, which varies from person to person. Hence 20,000 hert; (cycle per second) is
taken as limit of audibility by human ear, sounds having frequencics between 20 hert;
 and 20,000 hertg are termed as audible sounds, vibrations above 2000Hz are too fast to be
detected by the ear. Hence this project is aimed at generating 40,000Hz ultrasound
frequency for its operation. The advantage of using ultrasound is that it is not visible and
audible. .

_ The ultrasonic sound generated by an oscillator in this case (a 558timer is used) is
transmitted by a transmitting transducer (in this case Ultrasonic transducer is used} in the
form of a beam to the receiver (Utrasonic tfansducer),-the received signal is filtered and
amplified. .

The device is composed of four functional blocks- the pulse generator, the

ultrasonic transmitter, receiver and the alarm circuit. Each block is in itself a simple



circuit with few individual components. Fig 1.1 shows the block diagram of the
ultrasonic intruder detector.

For intrusion detection, the transmitting transducer sets up a pattern of ultrasonic
wave passed in the fo.rm of a beam to the receiver. An intruder alters the ultrasonic wave
pattern setting on an alarm. In this case an ultrasonic sound precisely 40Kl is sent
through the transducer (ultrasonic recciver), the received signal is filtered and amplified,
but at intrusion, reception is broken and the alarm is activated or triggered.

After intrusion, while transmission and reception resumes the alarm switch is

reset for next action
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1.1.1  AIMS AND OBJECTIVES [4]

Nature has been so kind to man by providing a lot of resources at his disposal,
which sound. is one of such resources. Thercfore in this project we want to explore sound
as one of such resources by using ultrasonic sound of precisely 40KHZ. Hence this
project is design in such a way that if therc is alteration in the reception of the transmitted
signal .an alarm will be set on, which gives an indication that is intrusion.

1.1.2 ‘' APPLICATIONS [7,8]

Apart from usi_ng ultrasonic wave for intrusion detection, ultrasonic waves have
many practical applications. Ull'rasonic waves have many uses industrially,lexample,
testing and inspection of castings and other manufactured objects. In many circumstances
ultrasonic method can replace the more haz.ardous and expensive radiographic techniques
of flaw detection and thickness measurement.

One of the earliest uses of sound at ultrasound frequencies was to improve the
depth sounding method at the sea. Ultrasonic wave is also used in medical and surgical
‘diagnosis. Others include military application, Electro-Magnetic Distance Measurement
(EDM)‘in surveying fields etc.

These applications can be divided into two major groups: passive and active,
passive applications, which can also be called low-power application cause no permanent
change in the propagation medium but arc used to collect information about the presence

of defects, obstacles, targets and so on.



: Active' applications, which can also be called” high-power applications include
applications in which ultrasound waves arc used as a particular form of cnergy, active in
bringing about some change in the medium of propagation or on the surface of the
objects the energy hits. They may imﬁrovc a technological process or even make a new
process possible (e.g., clearing, machining hard materials welding dissimilar materials)

etc.

1‘.2.0 LITERATURE REVIEW [4,6,8,9]

'i"he possibility of making use of ultrasonic beam for practical purpose has over
the years developed devices to reproduce uitrasonic waves. These devices @recither
mechanical or electronics.

As frequency of sound waves goes up and the \VﬂVC'CI;glll goes down, a beam of
sound diverges to a smaller extent, is less casily diffracted and is reflected by smaller and

smaller objects.

The use of uItra;onic beam for practical purposes dates back to 1880, when the
French physicist Pierre curie and his brother discovered that quartz crystal develop small
 electric charge on the opposite faces when compressed very slightly under high pressure.
This pheﬁomenon is known as the direct piezoelectric cffect. Pierre curie and his brother
also discovered that if a difference in voltage is set up in metal plates held against
opposite faces of the quartz crystal, a small compression is induced in the crystal. This
phenomenon is known as inverse piezoclectric effect.

The inverse piezoelectric effect can be used to produce ultrasonic waves. If a

-

voltage is applied and removed rapidly, the crystal expands and contract with equal



rapidity, which sets up the surrounding medium. Ultrasonic beams can be produce by
specding up the applicd-voltage cycle sufliciently.

Also in 1846, James Prescott and later more extensively, George Washington
Pierce, investigated the phenomenon that a fcrronmgngtic bar when it is weakly
magnetized but contracts when magnetic saturation is reached, such mechanical
(dimensional) changes due to changes in magnetic ficld are called magnetostrictive
effects? When these changes are of lincar nature they are known as joule effect, which is
of greai importance in producing ultrasonic oscillations for commercial applications.

In 1917, afler the development of the electron tube, the French physicist Paul
langevin succeeded in sctting up an clectric circuit that produced strong ultrasonic beams.
This was during the World War 1, Langevin attempled to use ultrasonic beams to detect
submarine under waler by sending an ultrasonic pulse methodically out-ward in ever-
changing direction (scanning), and when a pulse stricks a submarine it in reﬂected. The
direction from which a rctuming pulse is reflected is the directions of the submarine. The
distance can be estimated by noting the time lapse and the return of the reflected pulse
and by knowing the yelocity of sound in water.

During the 1920s ultrasound was.put at work in peaceful ways. It was used to
measure the depth of the sea bottom. The locgtions gf scl'loolof fish, hidden reefs or under
water portion of jcebergs could also be determined using ultrasound.

Following the development ofrz.ldar during World War 2, ultrasonic techniques
Were used in such a wide-ranging fields as the study of mocularfp'roperlies of__ materials,
detection of flaws in metal ultrasonic cleaning, industrial and dental drills, measuring the

thickness of the heart walls in man, and determining the presence of fluid in the sac



around the heart. Other attempted carly applications werc as a means of communication

and as light modulators in carly experiment with television.



CHAPTER TWO

2.1.0 THEORY AND DESIGN ANALYSIS
~ INTRODUCTION |
Sound can be used in the detection of intrusion. In this project an inaudible sound
(ultrasonic) precisely 40K1lz frequency is used. For intrusion detection, the transmitting
transducer sets up a pattern of ultrasonic wave passed in the form of a pattern of
ultrasonic wave passed in the form of a beam to the receiver (transducer) which receives

the transmitted signal, the received signal is filtered and amplified.

2.1.1 VELOCITY OF SOUND |3]

Sound waves are longitudinal in character. The experimental determination of the
velocity of sound in a medium and its cxact agreemcnt with the theoretical value tends
further support to the idea that sound waves in a medium arc longitunal in character. The
amplitude of sound wave, however, decreascs as we move away 7 sound due to viscosity
and heat c:ondition of the »medium.

Humidity can Ijave a small effect on the velocity of sound up to about O.35f’/o at
20°C. The presence of moisture in air lowers its density and hence increases the velocity
of sound through it. The higher the degree of saturation; the greater will be the velocity of
sound tl.nrough it.

The velocity of sound in z'air is dircctly proportional to the square root of the
absolute temperature. A change of temperature changes the density of air and hence
causes a. change of the velocity of sound through it.

The mathematical expression is developed as



Vl = Po

Where Vg and V, denote the velocities of sound in air at temperature 0°C and (°C
respectively assuming pressurc remains constant.
While p, and’p, are densities of air at temperature O°C and °C respectively.

Now if a denotes the coefficient of expansion

Po = pt(l+ul)

Vi = Vi+at aso = |

Vv, | 273
v, = 273 + 1
Vo 273
_ N
ES

Hence, the velocity of sound in air is directly proportional to the square root of the
absolute temperature.

An application where the temperature varies significantly requires compensation
to achieve accuracies exceeding a few percent. Exceeding a few percent can do this. This
can do by measuring the temperature and adjusting the assumed value for the velocity of
sound éccordillgly. It should be noted that it is the air temperature that is relevant, not the
transducer temperature. Alternatively, temperature compensation can be done using a

fixed target at a known distance as a reference for calculating distance.



2.1.2 OPERATING FREQUENCY [4]

The aperating frequencies of ultrasonic transducers vary from below 8KHz to
'above 200KHz. The low I’rcquenci‘cs arc used in long-range, high power applications
where absorption of sound in air is rcasonable. Sound wave having frequency below
14KHz fails to produce any sensation in the human car (inaudible). Absorption of sound
is not a -problem in the higher frequcncics. Higher frequency devices produce a narrower
beam and higher resolution; thercfore they are better suited for shorter-range applications.
Acoustic interference from other sources is a problem at higher frequencies. Resolution
~ tends to be proportional to wavelength, but it is also a function of the sophistication of the

associated electronics.

The divergence angles of ultrasonic beam also vari'es with, frequency. Normally
the wavelength is r)elatively long composed to the dimensions of the transducer; therefore
ultrasonic energy dpes not propagale in a well-defined beam like light does but rather in a
diffuse cone, it is more intense at the centre and dropping off at the edges.

The most common practice is to quote a 3db include ang!e, that is, the included
angle at which the amplitude to the received signal has dropped to 0.707 of the
maximum. The 3db-included angle may be calculated for sensors radiating uniformly
across a circular face using the relation

0 = 2arc Sin 1.6C
FnD

Where
C is the speed of sound

_ F is the operating frequency

D is the effective diameter of the transducer.

10



2.2.0 CLOCIK GENERATOR ASTABLE MULTIVIBRATOR [2,4]

High frequcncy astable multivibratiors can be constructed using Schmitt tfigger
inverters, opera;ional amplifiers, 555-timer 1C ctc. But for t_his project a 5557ti|ner
integrated circuit timer is uscd, to gencerale precisely a 40K1Hz frequency.

“The 555 timer IC is a highly stabled device for generating accurate timer delay or
oscillation. The 555 IC timer is available in 2 package styles, 8-pin circular style, To-99
can or 8-pin mini DIP or as 14-pin DIP. The 555 timer can be used with sﬁpply voltage in -
the range of +5V to +18V and drive load up to 200mA. Because of the wide. range of
supply voltage, the 555 timer is versatile and easy to use in various applications, these
applications include oscillator, pulse generators ramp and square wave generator etc.

figure 2.1 gives the 8-pin package diagram of a 555 IC timer used in this project.

. N
Ground | | 8 | Vece
Trigge
R 2 555 7 Discharge
1€ Threshold
Reset | 4 5 Control voltage

8 — pin package

figurc 2.1 pin - diagram

1



The basic circuit for astable (frec-running) opcration of the 555 timer is shown in
figure 2.2, The ﬁming’ circuit consist of RA, RB and C. the trigger (pin 2) and threshold
(pin 6) terminals are conncected to the timing capacitor, and the discharge terminal (pin 7)
is connected to the junction point between ;hc resistors. For the simplest form of astable
operatign the reset (pin 4) and control (pinS) functions arc not used, so pin 4 is connected
to Vcc, and pin 5 i's by passed to ground with 0.01QF capacitor.

+VCC

Ra- g 8 4
7 3  }————Output _ﬂ_ﬂ_
555
Ra é IC
TIMER
6
2 |

C

0.01pf

t
t
i
i
|

Figure 2.2 Astable Multivibrator Using 555 Timers

For better understanding, the complete diagram of astable multivibrator with
detail internal diagram of 555 timer is shown in figure 2.3. The timing resistor is split into
two sections RA and RB. Pin 7 of discharging transistor QI is connected to the junction
of RA an{d RB. When the power supply Vcc is connected, the external timing capacitor C

charges towards Vcc with a time constant (RA + RB) C. During this time, output (pin 3)

12



+Ve§

is high- (equals Vcc) as Rest R = 0, sets S = | and thus combination makes QH?vhich has
unclamped the timing capacitor C.

When the capacitor voltage cqual (to be precise is just greater than), (2/3)Vece the
upper comparator triggers the control flip-flop so that Q = 1. This, in w|"n, makes
transistor Q1 ON and capacitor C starts discharging towards ground through RB and
transistor Q1 with a.time constant RBC (neglecting the forward resistance of Ql).
Current also flows into transistor Q1 through RA. Resistors RA and RB must be large
enough. to limit this current and prevent damage to the discharge transistor QI. The
minimum value of RA is approximately cqual to Vcc/0.2 where 0.2A is the maximum
current vthrough the ON transistor Q1.

During the discharge of the timing capacitor C, as it recaches (Lo be precise, is just
less than) Vcc/3, the lower comparator is triggered and at this stage S = 1, R = 0, which
turns Q = 0. Now (3 = 0 unclamps the external timing capacitor C. The capacitor C is

thus periodically charged and discharged between (2/3) Vce and (1/3) Ve respectively.

N

Figure 2.3 Functional diagram of astable multtivibrator Using 555 timer
13
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The timing portion of the circuit is shown in figure 2.4 and the associated
wavcforms arc shown in figure 2.5

The model for the timing circuit during the output high state is shown in figure
2.4 (a). This circuit is a first-order circuit with a d.c source and an initial capacitor
voltage. Thus, the capacitor voltage Vc (t) has initial value Vc(0) = Vee/3. The capacitor
charges towards Vcc (although switching action prevents it from reaching that level), so
Ve (o) = Vee.

The equivalent circuit during the output low state is shown in figure 2.4 (b). The
action of the discharge terminal has removed the effccts of. RA and Vcc from the timing
circuit. The timing circuit now consists of a capacitor initially charged to (2/3) Vcc in

parallel with a resistance RB. The capacitor will now start to decrease exponentially as

shown in fig 2.5 (b)

o I

2Vcc ..:r;. Vc(l)
Ve vy : 3
3 - - 3
(a) Output High state (b) Output low state

Figure 2.4 ‘Equivalent circuits of timing portion of 555 astable circuit.

14



Vce

(a)
QUT PUT
itl-ligh E :: :: i. IE ::
RN T N R
\ {tLow: ! ! ! | (b)
23Vee | \ \ |
1/3V | :' Y E Capacitor voltage

Figure 2.5 Waveform in 555 astable circuit.
}(a) Timing sequence waveform
(b) Capacitor voltage waveform
The length of time that the output remains HIGH is the time for the capacitor to charge
from (1/3) Ve to (2/3) Ve, |
Mathematical expressions for the period and frequency will now be developed.

The capacitor voltage for a low pass RC circuit subjected to a step input of Vcc Volt is

given by
Ve = Vee (1-¢7%€)
The time t; taken by the circuit to charge from 0 to (2/3) Vec is
(2/3) Vee = Vee (1-¢**%)
t=1.09RC
and the time 1 to charge from 0 to (1/3)Vcc is
(1/3)Vee = Vee (1-¢2RC)

> = 0.405RC

15



So the time to charge from (1/3)Vec to (2/3)Vcc is
thign =4 -1
thign = 1.09RC ~ 0.405RC

So for the given circuit
| tiion = 0.69 (Ra+Rp) C

The output is low while the capacitor discharges from (2/3) Vcce to (1/3) Ve and voltage
across the capacitor is given by

(1/3) Vee = (2/3) Vee €€
Solving, we get

t=0.09RC
So for the given circuit,

tLow= 0.09RC .

But R, and RB' are in charge path, but only Ry is in discharge path. Therefore the total

time,

T = e + tLow
or  T=0.69(Ra+2Rg)

therefore

(Ra+2Rp) C

16



2.2.1 ELECTi{iCAL CHARACTERISTICS OF ULTRASONIC

TRANSD;JCER [4,10]

To accomplish the measurement of any variable, an instrumentation system
has to be used. These intrumentation systems are composed of transducers. A
transducer is an ‘energy conversion device’ and it requires energy transformation into
the device before the variable of interest can be detected. The variable must be
accompanied by an additional quantity such that the combination of the two provides
energy to be transferred into the sensing transducer. This energy is then converted into
another form of energy as require by a signal conditioning transducer and a read-out
transducer such that the input signal can be presented and approximately interpreted at
the output of the measuring system.

A transducer can be defined broadly, as a device capable of being actuated by
an energizing input from one or more transmission media and in turn generating a
related signal tone or more transmission systems. The energy transmitted by these
systems ma)" be electrical, mechanical ;)r acoustical.

Ultrasonic transducers are those ones that convert electrical energy to acoustic
energy (coml;atible with this intendéd application). For this project the following were
considered while selecting the transducer. |

(1) Sensitivity: - chosen to allow sufficient output
2) Operating freqﬁency: - chosen to maintain range requirement
and good resolution.

3) Frequency response and resonal frequency: - flat over the entire

desired range.

17



4) Environmental compatibility: - Temperature range, corrosive fluids
pressure, shocks, intcraction, sizc and mounting restrictions.
(5) Minimum sensitivity: - To expected stimulus, other than the
measured. ’
6) Usage and ruggedness: - Ruggedness, both of mechanical and
electrical internisitics versus size and weight etc.
Used in this project is high sensitivity ultrasonic transmitter and receiver designed
for sending and receiving ultrasonic sound in the form of continuous or pulse wave

through the air at 40KHz.

The characteristics of the ultrasonic transducer used in this project one outlined

~ below: -
SCG-40IT SCM-40IR
Transmitter Receiver
Sensitivity 106dB ' -65dB
Resonant {requency 40+ 1KHz 40£1KHz
Pulse rise t_i1{1e 2mscc 0.5mscc
Maximum il.lpul voltage 20Vrms
Impedance 500Q2 30KQ
Operating Temperature -20°C 1o +60°C -20°C 1o +60°C
Capacitance | 1100PF . 1100PF
| The operating distancc and the direction angle are Smeters and 30°
respectively;



2.2.2 TRANSMITER CIRCUIT
The output of the 555 timer gocs into the ultrasonic transmitter (transducer). The
transducer convert the clectrical signal generated by the 555 timer into sound wave. In

this project a 40KHz ultrasonic transmitter was used, which is readily available in the

electronics market.

223 THE RECEIVER CIRCUIT

The receiver circuit consists of the ultrasonic sensor (recciver), a filter, an ac

amplificr, a comparator, a tone generator and the alarm.

2.2.5: FILTER [2,5,1]

A filter is defined as any circuit that produces a prescribed frequency response
characteristic, of which the most common objective is to pass certain frequencies while
rcjecting others. Some circuits classificd as filters have objectives other than frequency
respond criteria. The most commonly used filters are: -

Low Pass Filter (LPF)
High Pass Filter (HPF)
Band Pas Filter (BPF)
Band Reject Filte; (‘BRF)
Frequency r'esponse of some commonly used filters.are shown in figure 2.6.
Filters are simply made by thc use passive components, such as resistors,

capacitors and inductors. This filters work well at high frequencies, i.e. radio frequencies.

However the only problem with inductors as circuit clement is that, they frequently leave

19



much to be desired. They arc often bulky and expensive, and they depart from ideal by
being “lossy” that is, by having signiﬁcz.mt scrics resistance,
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4 . | A
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\ ‘/ Idcal /

Stop band pass band
< - S

pass band

> T > [
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Figure 2.6 Frequency response of some commoly used filter (a) de—pass (b) High-pass

(c) Band pass.

L]
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as well as other “pathologies”, such as non-linearity, distributed winding capacitance, and
susceplibility to magnetic pickup of interference. What is nceded is a way to make
inductor=less filter with characteristics ol idcal RLC filter. By using op-amps as part of
the filter design, it is possiblc to synthesize any RLC filter characteristic without using
inductors. Such inductors less filters arc known as active filters. Op-amps offer high input
impedance and low output impedance. This improves the load drive-determining
nctwork. Large value of resistors can be used because of the high value of input
impedance which reducces the size and cost of the capacitor required in the design.

In this project it is requiradthat the received signal must be filtered from other
interfering signals nearby the frequency, thercfore an RC filter is used. To be precise, for
this project a RC Band pass filter is used. It is a filter that allows a certain band of
frequencics Lo pass through and attenuates all other i'rcqucncics below and above the pass

band. This pass band is known as the bandwidth of the filter. The {requency of this filter

is shown in fig 2.6 (c).

2.2.%72 AC AMPLIFIER (2]

Qperational amplifier configurations are the inverting and the non-inverting
configurations. The inverting amplificr is the most widely uscd of all op-amp circuits, the
output voltage Vo is fed back to the inverting input terminal through a feedback resistor.
Input signal Vi is applied to the inverting terminal and the non-inverting terminal of op-
amp is grounded. For non-inverting amplifier the signal is applied to the non-inverting

input terminal and the circuit amplific without inverting the input signal.

21



These inverting and non-inverting op-amps respond to both ac and dc signals. If
an ac [requency respond of an op-amp is to be rcqiuircd or if an ac input signal is
superimposed with dc levels, it becomes necessary to block the de component. This is
usually done by using an AC amplifier with a coupling capacitor. In a nutshell Ac
amplifiers are of inverting and non-inverting type. For this project an inverting AC
amplifier is used to amplify are received signal.

Figure 2.7 shows the circuit diagram of an inverting AC amplifier.

5
Vo ke

Vo

Hir

Figure 2.7 Inverting AC amplificrs.
The capacitor C blocks the dc component of the input and together with the

Resistor R, sets the lower 3d13 frequency of the amplifier.

R; ’ .
\
_—
Ry
R,
vrcl‘

Figure 2.8 An inverting Schmitt trigger
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The hysteresis width is the difference between these low threshold voltages i.e. Vyr- Vit

Thesc threshold voltages arc calculated as follows. Suppose the output VO =

+Vsat. The voltage at (+) input terminal will be

Viel+ Ry  (Va= Vie) = Vur. ©)

Ri+R,

This voltage is called upper threshold voltage Vyyr. As long as Vi is less than Vyr,
the output Vo remains constant at + V. When Vi is just greater than Vyr, the output
regencrative switches o —Vg, and remains at this level as long as Vi>Vyr as shown in
figure 2.9 (a).

For Vy = - Vg, the voltage at the (+) input terminal is

Vier— R, (Vsul + Vrcl‘) =Vir ' (d)

L]

Ri+R; -

This voltage is referred to as lower threshold voltage V1. The input voltage Vi
must become lesser than Vit in order to cause Vg to switch from —Vg to +Vg. A
regenerative transition take place as shown in fig 2.9 (b) and the output VO returns from -
Vea to +Vgy almost instantancously wl;ilc the complete transfer characteristics are shown
in figure 2.9 (C)

Therefore hysteresis width Vi can be written as

Viu=Vur— Vor= 2R Vsa . (e)

\

Ri+R;

Since nede “a” is at ground, the output voltage Vy is given by,
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Vo=-IR;=- Vi Rf S\

\

R1+1/sc

Therefore

Ac]_ = X(_) = -_l_{_f S (b)
Vi R; S+1/R,C
But the lower 3dB frequency is,

FL= 1

2nR,C

In the mid-band range of frequencies, capacitor C behaves as a short ciruit and
therefore equation (b) becomes

Aa=-Re

R;

22,6 COMPARATOR [1,2]
One of the applications of op-amps is using them as comparators. A
comparator is an op-amp circuit, which compares a signal applied at one input of an

op-amp with a known reference voltage at the other input. There are two types of

comparator: -
Non-inverting comparator
Inverting comparator

However for this project an inverting comparator was used as a regenerative
comparator (Schfnitt trigger).

Figure 2.é shows such a regenerative comparator. The circuit is also known as
the Schmitt trigger. The input voltage is applied to the inverting (-) input terminal and

feed back voltage to the non-inverting (+) input terminal. The input voltage Vi
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triggers the output Vo every time it is outside certain voltage level. These voltage
levels are called \ipper threshold (Vyr) and lower threshold (V7).

Because of the hysteresis, the circuit triggers at a higher voltage for increasing
signals than for decreasing ones. If peak-to-peak input signal Vi were smaller than
VH then the Schmitt trigger circuit, having responded at a threshold voltage by a
transition in one direction would never reset itself, that is, once the output has jumped
to, say, +Vgu it would remain at this level and never return to -V, . It may be seen
from equation (e) that hysteresis width Vy is independent of V. The resistor R in

fig 2.8 is chosen equal to Ry//R; to compensate for the input bias current.

Vur - Vit
Vo Vsat+
>
' Vref (a)
. \
! Y
: IL___’_
i ! -Vsat
= i
Voo | a
! !
Vit |
\
| Vi (b)
- Vsat
< <
VLT Vref
>< > > FIG 2.9 (a) Transfer characteristic for Vi
C
+ J ) increasing (b) transfer characteristic for Vi
0 \Y Vref Vur )
LT l Vi ' decreasing (c) Composite input-output curve.
——>—
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2.2 CALCULATIONS
2.2.8 CALCULATION FOR THE 555 TIMER

A 40KHz frequency is needed for this project. The formular to calculate for
frequency is given as

F= 1= 145
T (RA+2RB)C

RA and RB are large cnough to limit the current that will flow through the

~discharge transistor in the 555 timer in order not to damage it.

The minimum value of RA is approximately equal to Vec/0.2, where 0.2A is the
maximum current through the on transistor.

But Vec =9V

Minimum value of RA = 9/0.2 = 45Q)

Taking RA = 150

= 1.45
C (150 + 2RB)
Taking C =0.01pF,
40,000 = 145
0.01 x 10° (150 + 2RB)
40,000 = 1.45

(1.5 x 10% + 2x 108 RB)

40,000 (1.5 x 10 +2x 108 RB) = 1.45
6x102+8x 10*RB =145

8x 10°RB=1.45-6x 102

8 x 10'RB =1.39
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gx10*
RB = 1737.5

RB = 1738Q

2.2.9:. CALCULATION FOR SIGNAL COMPARATOR

Let the gain of Amplifier be high

The minimum voltage to trigger the Schmitt trigger is given by

Vo®R7 + VCC®R7 +VId ofrectificr

OR7 + R6  R7+RS8
A germanium diode is used to provide approximately 0.2V

O Is a ratio got by turning variable resistor clockwise or anticlockwise.

The allowable angle is 240°

® = 0 for lincar variable resistots ............ 0 = the angle
240
Vce
" Vo=V Thresholds
Vo=90 Trigger

oV

Virigger + V Thieshold = Vec

2 2
R;=Rg = 10KA_

O < input impedence < w

IM p <really input impedence < 2pgfor 358/741/324.

27



.

The thevenin voltage is not affected by the op-amp’s impedence. To keep errors of
loading within 5% - 10%

Trigger voltage = Vec (R7//R6) +  (R8/R7)Vo

R6//R7+R8 RE/RT +Ro

Viigge = 9 (10 x 10°/ R6)

(10 x 10*) //RG) + 10 x 10}
Voltage greater than or cqual 0 Viigger + 0.2V should be provided by the
transmission. °
Let Vmgéc, be | volt
Peak value of amplifier should not drop below 1.2V if not the alarm will ring.
! = [10x10°R6

10 x 10° + R6

10x 10° RG
————  + 10x 10’ (10 x 10* + R6)
10 x 10* + R6

(10 x 10°R6)+ (10 x 10°) x (10 x 10*)+ 10 x 10°R6 =9 x 10 x 10°R6
10 x 10°R6 (1-9+1) = (-110 x 10%)?

7x 10x 10°R6 = (10 x 10%)?

70 x 10°R6 =100 x 10°

RG =" (100 x 10%
70 x 10°

RG = 142851

RG6 =~ 1.5Kft

For threshold voltages the resct switch can handle that efficiently.
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FOR HALF WAVE RECTIFICATION

2.3.1:

Vyu="Vdc + 0.2

T
Vm=nVdc +0.2n
=(1+02)n
Vp =3.769 Volts
Vpeak — peak = 2VP =7.539 = 7.54V

i.c. 7.54 = 0.8377.

9
about 83.78%

AC amplificr gain, AV =83.7% Vcc = 4.1889
1.8V

Where 1.8V is the output voltage of the ultrasonic receiver

CALCULATION FOR TONE GENERATOR
(1=0.693 (Ry+Ry}) Cy

=0.693 ( 1x10°+ 4.7k) 0.0224:F

=696257.1 x 0.022x 10°®

=0.0153176

= 15.318mScc
t2=0.693( R11) C,
=0.693 (4.7K ) 0.022 x 10°®
=0.000071656

=(.07166mSec
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T=U+12
=0.693 (Ro + 2R}, ) Cq
=0.693 ( 1x 10®+2(4.7K )) 0.022x 10®
=0.693 ( 1009400 ) 0.002 x 10
=0.015389

= 15.389mSec

Duty ratio = Rip  x 100%
Rip + 2Ry
= 4.7k x 100

4.7k +2 (4.7k)

Il

47k x 100

14.1k
= 333%

Frequency of oscillation is given as

F =1 = 1.45 = 1.45
T (Rio + 2R} 1)Cq 141K x 0.022 x 10°
) = 46744HZ
= 4.674HZ

2.2 CALCULATION FOR FILTER

If a.c. amplifier gain = 4.1889

The iput impedence of the amplifier is given as

30 Fig 2.9@)



Zin= 1 +Ri+RB+750Q

Sct
But 4.1889 =RB
R;
Zin = 1 + Ri + 4.189Ri + 75 <1MQ
Sc¢i

s jw 2nf  2x22 x40 x 10° .
7 = 3.9788uscc/rad.

1f C1 is 0.1uf the ZcL =39.7jQ.

Which quitc low for the ultrasonic frequency diagram (a)

A

39.7j

;/ = 0 Zin

Ri + 4.189Ri +75

»

Fig 2:9()
0 = tan-1 39.7

Ri + 4.189Ri + 75 =>» phase shift

Ri + 4.189Ri +75 >>39.7Q
If 4.189Ri = 5kQ

ThenRi= 5 x 10
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o T ae o M AT b e

4.189
Ri= Ii93.6
Ri= [.2KQ
But4.189 = RB
| Ri
4.189 =RB
1.2k

RB =4.189 X 1.2KQ

RB =5.0268
RB = 5kQ
0= tan” 39.7
1.2k + 5k + 75

0= tan" 0.006327

0 = 0362°
Amplifier input impedence
From the diagram (a) above

tan 0 Zin
T 6275

0.362° = Zin

6275
Zin = 0.362° x 6275

Zin = (2271.6 - 39.7))Q



Vin Vamp
crl]|
Rf
‘ Fig 2.9(c)
But Vamp + Rf but this is on no loading
Vin  1/Scf+Rf
Vin { l( Vamp
Cf
Rf Zin of amplificr
— — Fi§29o&)
Vamp = RV/Zin = K;
Vin 1/Scf + (RV/ Zin) 1/Scf + K,

As S p Transfer function v

As S ’ 0 Transfer function

Dchas S = 0 ==> Dc cannot pass.

Noisc of band width (B.W) 20KHZ

S =2nf

S =2rn X20x 103
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= 125663.7 rad/scc.
New Transfer function = 0.707 T.FF at dimishing point

New T.zF =T.F

2
ATF 1 TF
2
ifTF ==>0707 = RF. Zin
RF + Zin
] + RF. Zin
125663.7CF RF + Zin
N
(
) I + RF. Zin } = RF. Zin
2 125663.7CF RF + Zin RF + Zin
\ J
[+ RF Zin (125663.7 CT) = 2 RIZin
RF + Zin RF + Zin

RF + Zin + RF. Zin (125663.7 CF) = 2 RFZin
Zin + Rf (1 +125663.7 CF Zin - 2 Zin) =-Zin

RF = 2271.6 - 39.7j

( 2 - 125663.7CF) (2271.6 -39.7j) - 1

RF = 52.2Q CF=11L1pF
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2.3-3'-" CALCULATIONS FOR SIGNAL AMPLIFIER

ACL =-RB

Ri

=-5K

1.2K
=-4.167

The voltage gain with feed back
AV =Vo = -RB
Vin Ri

Ri

Vin=1.8V

Ri =1.2K

RB = 5KQ

Vo = -_51_( 1.8
12K |
=.4.167x 1.8
= -7.5Volt

The negative sign implies an inversion of the output with respect to the input.
Current into the signal amplifier
lin = Vin
R
= 1.8

1.2KQ
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The net loop gain for the inverting circuit

B = Ri

Ri +RB
= 12K
1.2K + 5K
f=193.55
AB = ARi
Ri + RB
= (4.16A) 1.2K
1.2K + 5K
=-0.81
The resistor Ri into the amplifier

Rin = Vin

Iin

1.2KQ
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CHAPTER THREE

3.1.0 LAYOUT AND CONSTRUCTION
3.1.1 MATRIX BOARD LAYOUT

First, components were layout on paper, which allows for easy fault
identification élu’ring construction in case if there is any misconnection. Proper
consideration was taken on the size and complexity of each component used, this is to
low for neatness as it will appear on the Vero-board. The components weir also
soldered on the Vero-board neatly.

The design was divided into two modules, which result in using two Vero
boards during the construction.

MODULE 1

Figure 3.1 show the first section or module. This section comprises of the
power supply unit. The:= voltage regulator and the transducer (transmitter)..

MODULE 2

The second section or module is made up of the receiver (ultrasonic
transducer), the AC ampliﬁe:r, the filter, the signal comparator, the tone generator and

the alarm circuit and the reset switch. Figure 3.2 shows this section.

3.1.2 CONSTRUCTION

The f:onstruction work commence after the component/circuits testing on the
bread board with the laying of corﬁponents on the Vero board as outlined on paper in
the matrix board layout of figures 3.1 and 3.2.

The soldering work begins after carefully examining the layout. For neat
solderihg a very good soldering iron of 40 watts with a clean lead was used for

soldering. Jumper wires were as while used to link points at equal potentials.
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The soldering was carefully done so as to avoid short circuit on the Vero
board. Vero board scrappers we;e used to separate casés of accidental soldering
together with suckers. Extra care was taken when connecting the legs of ICs to the
power supply and the grounding. Using a digital multimeter various points expected
to be at equal potential were tested for continuity and clean cuts were made were
necessary.

In cases where ICs were used, IC sockets were soldered on the Vero-board
after which ICs were plugged into the sockets to avoid heating during soldering.
Finally, the connection leads were the switch and the transducer.

While soldering, the following were taken into consideration.

a) All soldering were made shining rather than dull grey.

b) Care was taken to ensure that the solder had flowed into a smooth
paddle rather than formed into a round bz;ll.

¢) All solder bridges (pieces of solder cross copper traces) formed were
broken with a soldering iron and scrappers.

d) All excess solder were removed.
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4.1.2 PROBLEMS ENCOUNTERED

The project is such a complex one, because ultrasonic wave does not
propagate in a new-defined beam like light from a spotlight, but rather in a diffuse
cone, which is more intense at the centre and dropping off the edges. This was all first

problem noticed.

Acoustic interference from other sources was a ‘problem at the operating
frequency.

Lack of proper equipment to assist easy working in the laboratory like
frequency analysis was another problem.

Another problem encountered in the execution of this project was the non-
availability and high cost of needed components. The ultrasonic transducer is not on

sell here in Minna, therefore has to be order from Lagos, which the dealer himself has

to wait for orders from broad.

Other problem encountered was components getting burnt at the course of

construction.
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CHAPTER FIVE

5.1.0 CONCLUSION AND RECOMMENDATION

5.1.1 CONCLUSION

It can be seen in the foregoing report that the design of an ultrasonic intruder
detector needs proper planning. In this project a 555 ti,mer was used to generate the
frequency that was used. Which was one of the best ways of generating ultrasonic
frequency. Ultrasonic transducers were used for transmission and reception; to be

precise a 40KHz ultrasonic transducer was used.

The design was tested and found to be functioning as expected. The distance

of operation was found to be about 3 to 4 meters.

5.1.2 RECOMMENTDATION

As earlier stated, care most be taken when dealing with ultrasonic wave
because of it characteristics. 1 therefore recommend that project of this nature be
given more careful attention and students to work on similar project.

There must be hundred of other applications I therefore recommend that the

department embark on this system.
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APPENDIX 1

LIST OF COMPONENTS USED
COMPONENTS
R,

R,

CAPACITORS
Cl
C2
C3
C4
C5

Co

4 A

VALUES
150
1.8KQ
IKQ
IKQ
1KQ
I5KQ
10KQ
10KQ
1KQ
4. 7KQ
4.7KQ

SKQ

0.01pF
0.1pF
0.1uF
0.022uF
0.01pF

0.1pF



ICS
555 TIMER
LM 358

DIODE

TRANSDUCERS
Transmitter
Receiver

Ic sockets

Jumper Wires
Transformer
Switch

9V Regulator
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