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CHAPTER ONE

INTRODUCTION

1.1 EXPOSITION r

In our present day, t&a,g&rate of crime in companies, supermarkets aﬁd even
»:5\‘ :-

“shops by robbers and petty thieves are continually on the rise. Even with the presence

of security operatives, who are harmless in checkmg;_ unscrupulous people when

entermg into such buildings, is no deterrent to th' 'm , of the underworld’

b ¥

=3,

Metal detectors are commonly used for secunty m mdustnes and for recreation. The

v asvae
r-"

use of metal detectors comes in handy to check for metallic objects such as hand guns,

kmves and metalhc sheets in people when entering such places which are majorly

o " 08 the evil acts can help reduce the crime rate reasonably Walk-

through aﬂd"sn&aller handheld metal detectors are used to detect hidden weapons at
alrports and social events. Metal detectors would go a long way in reducing the crime
wave.

Metal detectors are also useful in mining, where they can guide miners along
the path of a gold-ore vein in rock. It is also used in archeology in the examination of

materials and artifacts usually dug up from the ground. It is also used for demining

(usually in the Military to detect land mines).

In order to ensure food safety, metal detectors are often used to detect small

metallic particles that may have contaminated food products. During food preparation,

such as the sawing or cutting of fresh meats, small metallic pieces—for example, saw

teeth—can break off and become mixed with the food. By running the food product




through a metal detector, food suppliers make sure that small pieces of metal do not
find their way into the food supply.

Furthermore, a child’s creative mind can be expounded using the metal
detector as a play tool rather than have toys with no developmental capablllty thh
thls. they can increase their level of inquisitiveness by searchmg out n.tzetallp objeets

in the house and in the wal und the house This | believe. |s one way to make the

future more technologlcally mclmed and we could have chnldren talking about gold

detectors and searchmg out the prmclple behmd lts workmgs. : |

' Moxeover, the metal detector can be used as a househola ltem to search for missing

: “Jtems with metallic properties within the house g8

Metal Detectors work on the principle of Electrogtagnetlc Induction. There are

df metal detectors: Pulse-Induction metal detector lnductlon-balance

tor. -and Magnetometer.

fhe pulse .iuduction detector: It generates a rapid pulse of electricity creating a
magnetic field that penetrates the area being searched. The pulse rate can be as high as
5,000 pulses per second. Each pulse is followed by an equally short non-pulse period.
When the pulse comes into contact with a metallic object, the coil detects the induced
magnetic field during the non-pulse interval.

Induction-balance metal detector: It uses a power source and two coils of tightly

wound wire to detect the presence of a metal. One coil is the send coil, and the other

is the receive coil. A current of electricity is sent through the send coil, creating a

megnetic field around the coil. The field induces a current in the receive coil. The
receive coil is adjusted to read null, or zero, on a meter. When a metallic object comes

within the magnetized field of the send coil, a small electric current is induced in the

2




metal. The induced current produces a magnetic field, which alters the null reading of
the receive coil. The detector registers the change and signals the presence of metal.
Magnetometer: A magnetometer passively monitors the naturally occurring magnetic
field of the Earth. Magnetic lines of force, called flux lines, circle Barth m ;;arallel;{
hnes Metallic items disturb these parallel lines of magneﬁc Eg(ce, gand the;; _
agnetometer measures %dlsturbance Minerals in the groui?d do not affect.

e

¢ magnetometers as much as lnductlon-balanee detectors Nevertheless, magnetometers are
3 \ ; g
: lees stable and less sensitive than the other types of detectors

1.2 OBJECTIVE OF THE PROJECT i
The objectlve of this project is to construct a laboratory model of a metal detector that

can be used to locate metals and metalhc substances in the ground and the walls.

13 METHODOLOGY | - ﬁ
The methodology used in this project entailed paper design initially, after which a
simulation was done using Electronic Workbench software. The designed circuit was
then put on a bread board to allow for placement adjustments, and then on the actual

soldering unto a Vero board.

1.4  SCOPE OF WORK

This project uses digitized frequency technique such that the output frequency frofn
ﬂ;e oscillator is compared to the reference oscillator. Both frequencies are fed through
a. comparator circuit and the output is used to trigger the buzzer with the aid of a .

digitized mixer. This denotes the presence of a metal.




1.5 BLOCK DIAGRAM REPRESENTATION

.‘ ~,,.

s
OSCILLATOR s o ke ;glélTAL MiKER
i 3
REFERENCE
OSCILLATOR -
:.':"-)
4 R
18 Fig 1.1 Generalized Block Diagram

1.6 DEFINITION OF TERMS

~, | _"LATOR. It is an electronic circuit that pfoduces a repetltlve electronic

signal, oﬁen a sine wave.

-

COMPARATOR: It is a device which compares two frequencies and

switches its output.

DIGITAL MIXER: It uses the output from the comparator to trigger the

buzzer.




CHAPTER TWO

LITERATURE REVIEW

T

2.1 THEORETICAL BACKGROUND v R

via' the. principle of indu’ctron lnd_lretiqn is th:e“

“

Metal detectors operate

it

- coupling together of two circuits through an alternating niagneﬁe'.ﬁefd; The earliest

technology that can be apphed to detect metal is the beat ﬁ'equeney oscnllator (BFO).

rIn a BFO system, there are two coils of wu'e, the larg ‘d;o,_;:_oﬁen referred to as the
_ search coil/head, and a smaller coil located msrde the cdntrol box. Each coil is
:'connected to an oscillator that generates thousands of pulses per second. The
frequeney of these pulses is slightly an offset between the two coils. The coils

J : a ‘f waves as the pulses travel. An audible series of tones (beats) based on

the frequencres is plcked up by a tiny receiver within the control box ‘%

If the search passes over a metallic object, the magnetic field caused by the
current flowing through the coil creates a magnetic field around the object; this causes
an interference with the frequency of the radio waves generated by the search head.
As the frequency deviates from the frequency of the coil in the control box, the

audible beat changes in tone and direction.

2.2  HISTORY AND DEVELOPMENT

Metal detectors have been around for a very long time. English geologist and
mining Engineer R. W. Fox first discovered that electricity will flow through metallic

ores as well as solid metal objects. Thus, in about 1830, he devised a simple metal
5
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locator which consisted of nothing more than a battery, several metal rods and a
suitable length of wire. His first method of detection was as follows: one metal rod
would be driven into the earth where the suspected vein of ore was located; it s

connected to one terminal of the bgttery The other battery termmal was connected to

* c-v;'-

a ﬂoatlng wire. Other metal rods were driven into the gmqnd ~at several different 5
pomts and successively toualﬁd with the ﬂoatmg wire. Wherea spark occurred lt was

an mdlcatron that metal was present This device in 1870 was modrﬁed by Crrca to

two rods insulated from cach other in a common probe and connected yla battery toa

bell md plunged into the earth When contact was. madggby‘ metalhc ore, ‘nugget or

metal pipe, the bell rang, thus indicating ﬂwpresence ofa conductlve object. [5]

LN
Toward the end of the 19th century, many scientists and engineers used their

gmwmg knowledge of electrical theory in an attempt to devnse a machine which

woul(f pinpoint metal. The use of such a device to find ore-bcanng rocks would give a

huge advantage to any miner who employed it. The German physicist Heinrich

Wilhelm Dove invented the induction balance system, which was incorporated into

metal detectors a hundred years later. Early machines were crude, used a lot of battery
power, and worked only.to a very limited degree. Alexander Graham Bell used such a
device to attempt to locate a bullet lodged in the chest of American President James
Garfield in 1881; the attempt was unsuccessful because the metal bed Garfield was

lying on confused the detector. [17]

S .
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2.2.1 MODERN DEVELOPMENTS

The modem development of the metal detector began in the 1930s. Gerhard

Fisher had developed a system of radio direction-finding, 1266-X model whlch ‘was

'to be used for accurate navngatlon The system worked extremely&well but Fisher

‘notlced that there were anomalies in areas where the terram eontalned ore~bearmg
bt
G

s r0cks He reasoned that 1f a radlo beam could be dlstorted by metal then 1t should be

possrble to des:gn a machme whlch would detect metal usmg a search eonl resonatmg

' at a radno ﬁ'equency, ln 1937 he applied for, and was granted the first patent for a

metal detector His designs were soon put to the test ina practlcal way, as they were

: __used as mine detectors during World War II They were heavy, ran on vacuum tubes,

and needed separate battery packs, but they worked. After the war, there were plenty
of surplus mine detectors on the market; they were bought u'p‘ by relic hunters who
used them for fun and profit. This helped to form metaldeteeting into a hobby. [17]

Although it is a good detector, it does not function clearly on saltwater surfaces.

Another recent type of metal detector is the pulse induction detector, which
uses a different electronic principle. Instead of relying on a balanced electromagnetic
t'leld, the pulse induction detector generates a rapid pulse of electricity, creating 'a
magnetic field that penetrates the area being searched. The pulse rate can be as high as
5,000 pulses per second. Each pulse is followed by an equally short non pulse penodt

When the pulse comes into contact with a metallic object, the coil detects the induced

‘magnetic field during the non pulse interval. Pulse induction detectors are popular for

~ deep-sea exploration, because they ignore the limiting effects of salt water, which "

contains minerals and carries a charge that can thwart induction-balance detectors.

The Pulse Induction metal detectors have several disadvantages. In order for such

7
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devices to be able to detect a metal object at some distance from the search coil, they
must have a very htgh gain receiver. A pulse sampling network is coupled to the-
search coil for samplmg stgnals on the search coil at predetermmed times to provtde

sampled pulse induction S|gnals Anp mtegrator network is. responsnve to the sampled
b

_pulse induction signal which has a predetermmed but; rdau\(ely fast response

‘v."

- charactenstlc or time constant: The output of the mtegrator grcuu is oupled to an RC

couplmg circuit which has substantlally the same time constaﬂt t‘fg-the mtegrator
circuit. The output of the RC couplmg circuit is connected to an audlo cnrcunt which

generates an audio tone, the intensity of which mdlcates the proximity and size of

metal ObJCCtS [12] A high gain receiver, hOWeVE}‘,. whlch increases sensitivity, also

results in an increase in the amount of random noise and false signals. Also, they are
less sensitive to smaller targets, more difficult to use on heavily mineralized or iron

contaminated ground and less accurate pinpointing.

2.2.2 TECHNOLOGY TOMORROW

Modern top models are fully computerized, using microchip technology to
allow the user to set sensitivity, discrimination, track speed, threshold volume, notch
filters, etc., and hold these parameters in memory for future use. Compared to just a
decade ago, detectors are lighter, deeper-seeking, use less battery power, hn«_;i’z"
discriminate better. The operation of this device using this technology can preseht a
challenge to a new user because of the settings that needs to be adjusted like the

White’s metal detectors. [10]




New genres of metal detector have made their appearance. BB (Beat Balance) and
CCO (Coil Coupled Operation) were unveiled by the electronics press in 2004. Both -

were invented by electronics writer and designer Thomas Scarborough and combme

unprecedented simnlicitj'/ with good sensitivity. [17]

,3' » ‘Another development is the induction-balance sysfem; ‘Her ‘a
o ]
e):)cltatlon coil is arranged coaxlally w1th a pair of receiver corls ’,'ﬂle three cmls are

(6.

4 typically coaxial and of similar dlameter The receiver cmls‘are spaced equldlstantly

on exther side of the excitation coil, typically with a spacmg of 30 40 mm between the

exg@ttatlon coil and each receiver coil. A hlghly stable, pure sine wave having a typical

3 ﬁ'equency between 30 kHz and 1 MHz is apphed to the excltatlon coil and the

. ‘magnetlc field thus generate’d results in a flux which links each receiver coil equall‘y;

The two receiver coals are connected to one another in series opposmon so that the

- mduced voltages (strictly, the induced e.m.f.'s) in each cancel out and a net zero
output signal is in principle obtained. Any ferromagnetic or electrically conductive
material adjacent to this arrangement causes an imbalance in the flux linking one or
other of the receiver coils, so that a voltage of non-zero amplitude is generated in

' -them.[lG] This enables the detector to discriminate metals. This results in reducing the
sensitivity of the detector, so it may be unable to find deep object. They are known as

'3

discriminators. [17]
A U.S. Patent in June 2007 described a passive metal detector termed
_expendable metal detector (EMD). The expendable metal detector system of the
invention can include active metal detection via pulsed electromagnetic induction

(EMI) technology comprising: means for generating a current pulse or a series of

current pulses and a transmitter antenna connected to the current pulse generating

9




means for creating a magnetic field. The antenna being a coil of wire for transmitting

the current pulse or series of current pulses, a receiver » a3

antenna for receiving a signal indicative of nearby metal. The receive'r antenna being : '

X

the same or different coil of wire used for the transmitting current mean “: means for

amphfylng and processing received s:gnals, means for trans;mttmthk [eccived
M ¢ !\ z! "— -
: sngnais to the means for recemng sngnals, means for provndmg pow r o the means fro

generatmg, and means for analyzmg and displaying the recefved sngnals vto the
~operator indicating the presence of metal One of the advamages the EMD possesses
is that the electronics and the power provndmg means are symmetrwally placed
bet&veen the at least two magnetic field sensors themby mmnmzmg any potential
' ad;erse magnetic field dlstomons caused by ferrous material in the electromcs and
power providing means. This is due to the combination of the magnetic an()malyf ‘

‘detection (MAD) and electromagnetic induction (EMI) technology. [15]

Australian scientists are developing a handheld land mine detector. It
combines a ground-probing radar and a conventional metal detector that could detect

both metal and plastic mines.




CHAPTER THREE

o B
~ 'DESIGN AND IMPLEMENTATION #
31 PRINCIPLE OF OPERATION -
‘ (’, . ‘ ¥ V-;‘;,‘-," s . .v
g, The principle of operatlon of this. dewce involves the oomp‘,f' son 6? twq frequencies

usmg NAND gates. The first frequency is generated by a Co’lpms Nvﬂln;tor as shown in
figure 3.1 and the second determmed by a function generator (fixed or ref'erence oscillator) in
figure 2. The output of the NAND gate is fed into a D-ﬂlp flop which is ylreq in such a way
that the result will only be noticed via an earpiece. - : LY : g o

Wil
st

32  OSCILLATORS
32.1 COLPITTS OSCILLATORS

The Colpitts oscillator comprises two NOT gates, a coil, a coupling capacitor and
other supporting capacitors all grounded. The Colpitts oscillator can act as an amplifier but it
uses a ‘tank circuit’ to génerat‘e its frequencies. A tank circuit consists of an inductor and a

éapacitor whose frequency is determined by its resonant frequency given by the formula;

* . . |5
f T 2mile

where f = frequency
L = Inductance

C = Capacitance g e




He e

Fig. 3.1.".Circnit diagram of a Colpitts oscillator

AN
But inductance of a coil L is given as, L, = =
N
a where |, is the permeability of free space whose value is 1.2566 x 10 Hm''
N is the number of turns = 80 turns : e

[ = length of loop = 30cm = 0.3m

A is the area expressed as 7rr-2 (d = 100mm)

r=d/2 =100mm/2




r=50mm = 5cm = 0.05m
A

W

Inserting the above values and evaluating the inductapce,_ L = ¥

g . " o ¢
o ‘ ¥y § ' 3

1.2566 - 10~° = - (0.05)* - 80
= 0.3 A P |

o ;;' 2,63 10° H=263

-

Usmg the denved value of the inductance, the resonant frequency and the frequency

of the tank cnrcmt becomes, E, 3

1

f = 27v(263pH x 1nF)

1 ;

: =310.2 103Hz=3102KHz
g z:tw/(zssx 1076H x 1x 10™°F) %

This signal generated of the above frequency (310.2 KHz) chahges whenever the tank
circuit comes in . an atmospl;lere'; consisting of metals and metallic particles. This
change in frequency at tﬁ_ei output of the Colpitts oscillator is as a result of the metal

interaction with the electromagnetic wave generated by the coil (interference).

The signal is coupled into the NOT gate system by a coupling capacitor (10nF), which
is used to filter or block a.c. signals. This signal is then re-inverted by another NOT
gate so that the original signal fed into the system is still achieved but in an ampliﬁégi o

form.

1
2nvLC

Frequency of the Colpitts oscillator is expressed as f =

Where C = C;.Co/ (C|+C2) -




__330pF-330pF iy
T 330pF+330pF i <k

& ' P
C=0.165x 10° F = 0.000165pF -

Therefore, #a : ; £

f"76412KHz o

.

‘The above -freduency is the frequency géﬁerated at thé-"o‘utput of the Colpitts

oscillator.

-

PocE (s
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322 REFERENCE OSCILLATOR

The reference oscillator is a '.function generator shown in figure 3.2 that

generates square waves shown in figure 3.3. It consists of a variable resistor (used to

\;ary the resistance), two inverted NAND gates (acting as inverters) with a capacitor

(150pF). The frequency of the function oscillator is given as:

g .
fo=33re




33k _ %

g
.
i S
s . : \ 2-7kn
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Fig. 3.3 Waveform of a function generator

" -,;::
The unloading resistor, Ru (33 KQ) is ten time the value of the timing resistor, Rt (the'
series combination of the 2.7 K resistor and the variable resistor). This implies that-": o

the frequency of the generator becomes;

g

~
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INPUT F1 D Q

OUTPUTF2-F1

T e .
The?ower‘f supply unit consists of a series arrangement of dc cells supplying

9V of power source into the circuit. Any voltage source below the proposed volta’g':'e’;'

would render some elements useless (not being able to function) while any voltq_‘gé'
above could lead to potential damage of the components.

3.6 CONSTRUCTION v

bt g e
This project was constructed using integrated circuits to reduce the number of
components on the Vero board. A 4011 NAND gate was used to implement the

workings of the circuitry. The components were placed on the line Vero board and

+18
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Fig. 3.7 Vero Board connection of a metal detector
361 CASING » A

For a metal detector, hcadﬂgiswﬂkbdtoeiﬂmphdeu“t
mmum A wooden case along a plastic slab was used to house the
mdommmmmr The search coil was glued to the bottom
of the casing and a switch was connected as shown below in figure 3.7.
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Fig. 39
Com
prehensive
circuit
diagram
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The squesky sound observed ot the output is due to the voltage supplied into the
lrpuitry. The 4011 IC bas a maximum voltage capacity of 12V but 9V was wsed.

In the advent of a very slight change in the frequency (tone) when pliced
eround a metal, the number of turns on the coils was increased for better fraguency
dissrimination, The components were observed to be heated up during the tgsting of
s davioe and this led to the removal of the voltage regulator and stepping down the
voltagn level to 9V both for safety of the components and efficiency as a whole.
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43 LIMIATATION WL FP o

tation of this device is in its inability to detect metals at great depths
- Ty ATV ¥ & -m"Walﬁ»*it ’
. This is as a result of the small diameter used for the search coil.

'_ﬂle 66“, f.the greater the penetration depth and less

24




CHAPTER FIVE
CONCLUSION

51 PROBLEMS ENCOUNTERED
?

The problem encountered during the execution of this project was mainly due
¥ - Rx

to negligence which.resdm in the ;i)uming; of components due to excessive voltége.

Rt

Also, during the assemb
The battery used (as source o

without use. .

52 RECOMMEN

After the eompleﬁdd
made to embark on at lem thre
should be made to unde,-s‘“mg ¥ '

workability anq design.

I would also recommend that for a project of this kind and magnitude, a frequency

discriminator should be incorporated to differentiate different kinds of metals.
- ~e - <. ,G“ .

53 CONCLUSION
: b

After the successful testing of this device, I would categorically say in Ll}:
advent of the set out objective of this project, the project was successful.
*,. ‘ ’ %
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