Let us havethesignal s(t). Let us gpply the discrete Fourier transformation over it.
The discretess (t) signal, which is in respect to the analog signal s(t) is:

§(b:Z ¢nT)5(t- nT) (D)

where:
_OLt=nT
5(t-nT)= ED - .. (2

We apply the discrete Fourier transformation over (1):
dw)= [s()e“dt= S nMs(t-nT)e“dti=S énfe™s(t-nT)dt (3
I [2 A @

As it is well known that:

00

I e 5(t—nT)dt =e” . (4)
0
Then
Yw)= > {nT)e ™" .. (5)
The following frequency is: w=kQ = % ... (6)
: N-1 -i%n
$K2)=ZS(nT)e N k= G 1£2..£#N/2) (D

That is trivial discrete Fourier transformation in forward direction.
From the other hand if{nT)=siN(Q,n) , whereQ, = 27M/N | andm andN are integer
numbers, we can make expansion over that signal by Fourier transformation or by easier

X _ )X
way using the formul&in(x) :—Zj , (comes from Euler's formula
e =cos)+ jsin(X)):
inT) = i_e in(2rt/ N)n _i.e— jm(27r/ N)n (8)
2j 2j

using backward Fourier transformation:

S(nT):%Z, gl)e™” 0= 012..N -1 - (9)

we can determine that:



S(kQ)=2—1j,for k=m ... (10)
S(kQ):——. for k=-m .. (11)

SkQ)=0, for k# m ... (12)

For example ifm=3 andN=5
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-1/(2)) -1/(2))
The Metd Detector worksin the case li ke shown abowe - with exactly recognizable sin waves.

From the other hand we can present the sin(x) by Maclaurin's series:.

f(x)=§) f(ll)!(o).x' ... (13)
£(x)= £(0)+ f'lfo)X+ f;!(o)X2+___+% %+ R (x) )
R(x)= (IX:)!.f('”)(xG), where 0€<1 ... (15)
f(x):sin(x) .. (16)

Applying (16) in (13) ((14) and (15)) we get:

sin)= 3 (1) (;2'_'11) . an
or:

sin(x):f—%+%—%+%+...+R(x) ... (18)
Now we can say that:

sin(§= A%+ R () o)

where:
Ax)="-Z+ 2 -2+ 24 ... (20)

Thesign'..."in (18) and (20) depends on accuracy of the computer and is represented by .



The metal detector ovks in this way: We send the sin(x) wave with exactly recognizable
frequency. We apply FFT over received returned spifx+Theph represent the kind of
the metal olject, which hes reflected the wave sent by the detedor.

It is clear that when we apply sin(x) to the metaédetr (every computg actually we
apply A(x) instead of sin(x). Thesign ‘..." depends on ADC and cdculation accuracy.

That’swhy to describethered signal processngin dgital circuitswe shoud not use

sin(x), but A(x) in (1) (ass Metal Detector reaches (10)-(12) bytheway: (1)-(7)).

From the other hand from (19):
A =sin(¥- R (x) .. (21)

Applying (21) in (1), and as in our ca¥e= t thereforesin(x) = sin(t) for discrete signal
we get:

s()= Z(sin( nT)- R(nT)).5(t-nT) ... (22)
We apply the discrete Fourier transformation over(22):

:E $J(t)_e—iwtdt:LZ(Sin( nT)- R(nT)).3(t—nT).e"“dt ... (23)

)= 3 (oin(n)- R(NT)[et-nT)e at (28

n=l

00

As it is well known that: J’e_jwt-cs(t_ nT)dt =e™ " ,

0

we get:
$w)= rZs.in( n1).e " - Z R(nT).e ™" ... (25)
The following frequency is: w=kQ = % ... (26)
then:
)= ZSIH nT) e i ZR (hT)e N k= 0r1£2..£N/2) ... (27)

That is trivial discrete Fourier transformation in forward direction.
The metal detector works with exactly recogrizable frequency, i.e. the meta detedor

sends (and late receives) awave = Sn(Qyn), where Q=2rmVN , wheremand N are

. - H _]_
2™ i.e. mand N areinteger. Therefore we can represent the sum: ZS'”(”T)-G‘ "
n=

3



in (27) by the way: (8) - (12), wherek = Gt 1+ 2...xN /2

_’k:
05 <=m
A SN
ZS|n(nT).e =+—,k=-m .. (28)
n= |:| 2]
0 0, k#£m
E
Or using (28), (27) become:
|:| )
o5 Rne (k= m)
|:| 2J n= X
- 01 & m 2
S(kQ)=D-7-Z R(nTe ™ ;(k=-m) .. (29)
D J " 2
Bo— R(hT)e N ;(k#+m)
0 &
® -i%kn
where ZR(nT)e N k= Q124N /2) ... (30)

is the difference between the regkQ)and the calculate&(kQ). The difference
depends on the exactness of the ADC and calculations.

Now let us look the situation when there are more sources of waves. Unswitched signadl is:
s(t) = sir((ult) + sir(wzt) + sin(w3t) +..+ sin(wpt) ... (31)

Switching (31) and taking in mind (21) and the preceding explanations and conditions:

[

_ sir( n])+ sin( nI)+sin( n1;)+...+sin(n1;)— F?,(nTl)— _
Sd(t)— ;E R n_{)_ R(I’ﬂ;)—...— R(nTp) E&(t nT) ... (32)

Applying forward Fourier transformation over (32):

&)= Z sin( n). &7 + nisin( ny).e’m +  + Zsin(nTp).e‘j“’nT -

°° S - .. (33)
_r; R . _ej‘*“T_nZD 'R(”D'e_m‘---—;R(n-rp).e—im
$w) = iisin( nT) g lanT _ i Z R(nTu ).e— jonT o



Including (26)

27T

ZZsm nT) e ZZR nT)e N k= ¢ 12..4N/2) (35

Now for simplification all applied frequencies are exactly recognizablefizm.T
whereM andT are integer, andl is sampling period. With other words we had
sin(Qin), whereQ;=2mm, /N Q,=2rm, /N Q p=2mMMy IN - M 1, 5 andN
are integer numbers.

We will describg35) by the way (8)-(12) only fok 20, ask <Orepeatk =0 only with
changed sign, and doesn’t carry additional information:

0 0 =
g Zi—:ZDR(nT N (k=m)
0 1 P
o E 2i ZZ R(“T) (k m,)
=0 . .. (36)
5 LS Rnpe™ i (k=m,)
| aER e e,

7T

O—ZZRnT )e ™" kEm G =1...p)

It easy to be seen that when the number of source signal (p) increases, S(KQ) for
(kzm ,(=1..,p)), increases too instead of being zero, by the formula

2

- j—kn
g0)= Z Z) R(T)e ™ and SkQ) for (k=m @ =1...p)) decrease by the same

way. This means thaP! — Wrongt and pt - recognitia |

Ri(w3)

‘ ‘ ‘ R(wl) R(w2)

#
0 wl w2 w3

This boring characteristic of digitizing is very useful for the metal detector. By it &
could determine increasing and decreasing of sources of signal with great accuracy
in large area of noise tolerance. In the metal detector this method is applied to
recognize whether under the metal detector during calibration of the device has had
a metal object or now under it has source of inverted for that metal wave.

It is realized in the fil&VB.m.
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