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Summary. The problem of detecting metal objects in different environments has always been important.
Optimal for dichotomous distinction metals are impulsive VLF metal type. Transmitting antenna of the metal
detector emits primary electromagnetic field which adopted the receiving antenna configured to the absence of
metal objects between transmitting and receiving antennas at the receiver input signal was minimal. In modern
metal detectors identify the type of metal is by providing informative signal to background interfering factor. Now
use the amplitude, phase and frequency domain signal processing. Permittivity and magnetic permeability for
nonferrous and ferrous metals are different, resulting in different amplitude of the signal at the input of the
receiving antenna. Therefore, for correct comparison of signals other than the method of distinguishing threshold
required for the normalization of their amplitude. Also investigated environment scanning antenna by hand, and
it requires normalization of the received signal in duration. The solution to this problem and is devoted this article.
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Introduction. The problem of detecting metal objects in different environments has
always been important. To solve it using eddy current devices which is a location system of
nearest zone of detecting and it's designed to detect and identify items on its electric or magnetic
properties different from the environment in which they are located.

Optimal for dichotomous distinction of metals are impulsive metal detector of VLF type
[1]. Transmitting antenna of the metal detector emits primary electromagnetic field which
adopted the receiving antenna configured to the absence of metal objects between transmitting
and receiving antennas at the receiver input signal was minimal.

If the metallic object gets in antenna's field, then by the law of Faraday alternating
electromagnetic field on the surface of the object induces an electric current, which creates a
secondary electromagnetic field. Under the influence of the secondary electromagnetic field
changes and the initial output of the receiving antenna signal occurs. Electric and magnetic
properties of an unknown metal object affecting the shape of a signal [2].

Modern metal detectors identify the type of metal by providing informative signal to
interference background. Now use the amplitude, phase and frequency domain for signal
processing.

Amplitude method is used when the obstructive factor affects the phase of a signal. For
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this purpose, the composition is administered amplitude detector metal detector, which
monitors the amplitude of the input signal. Upon reaching a threshold level corresponding to
the selected material of the object, triggered indicator device, which indicates the presence of
the object. In this case, the change in phase or frequency will not affect the readings. Most
modern metal detectors just used for metal identification signal threshold level [3].

Phase and frequency methods are used in case of a significant effect of preventing the
factor on the amplitude of the signal. To implement these methods instead of the peak detector
using phase or frequency. The last two methods are used in non-destructive testing instruments.

The most common method is of amplitude or threshold. For this purpose, the
composition is administered amplitude detector in device, which monitors the amplitude of the
input signal. Upon reaching a threshold level corresponding to the selected material of the
object, triggered indicator device, which indicates the presence of an object [4].

Phase frequency and methods used in the case of a significant effect of preventing the
factor on the amplitude of the signal. To implement these methods instead of using the
amplitude or phase frequency detectors.

It is known that the permittivity and magnetic permeability for nonferrous and ferrous
metals are different, resulting in different amplitude of the signal at the input of the receiving
antenna. Therefore, for correct comparison of signals other than the method of distinguishing
threshold required for the normalization of their amplitude.

Also investigated of environment are scanning by antenna in handheld mode, and it
requires normalization of the received signal in duration. This article is devoted to the solution
of this problem.

Theoretical and experimental results. It is known that the input signal U,; of metal

detector, which is excited by secondary electromagnetic field depends on the conductivity of
the sample and its magnetic properties [4, 5].
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M., K, O — relative, absolute magnetic permeability of research materials and their
conductivity, x =AR,, B= Ry/m u,c — a generic parameter of eddy current testing

(C'OCT24289 - 80),
A — setting integral transformation,
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w — angular frequency.
Transmitting and receiving antennas have a radius R ; and R ; in accordance. J,—

Bessel function of the first kind of the first order.
hy , h, - distance from the transmitting and receiving antennas to the metal

specimen.
Reflection coefficient r; ., from border z ;.
k = 27 _ \vave number in vacuum, ¢ — speed of light.
c

Waveform samples obtained from various metals in size and shape with different
scanning speed is shown in Fig. 1.

The process of normalization of the amplitude is not difficult and is carried out by
known methods. The time response for the samples (see table 1) of steel, copper, aluminum
shown in Fig. 2.

Table 1

Description of samples used in the experiment

No Description of the sample

1 Round specimen with diameter 25 mm, thickness 3 mm, copper

2 Round specimen with diameter 25 mm, thickness 3 mm, iron

3 Round specimen with diameter 25 mm, thickness 3 mm, aluminum
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Figure 1. Waveform from receiving antenna depending on the type of metal, object size and
speed of scanning (line — copper and dotted line — iron)

The received signals by reception antenna and amplifiered by electronic unit of metal
detector, after overcoming the threshold amplitude and regulation have the form shown in Fig.
1, which shows the response time for the samples of steel, copper, aluminum.
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Figure 2. The time response for samples of steel, copper, aluminum (from top to down)

The duration of the signal depends on the speed of passage of the search antenna
prototypes, which should be the same across the stage search metal samples, but in the real
world of metal detector this does not happen.

The time difference is particularly pronounced if the search is in the field, through
physiological features operator can scan the same speed search antenna research on surface [6].

For fair comparison signal parameters to further solve the problem of recognition, all
received signals need to normalize (scale) for the duration. As an option valuation used the
distance between two peaks of the signal (Fig. 3).
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Figure 3. Option valuation for the duration of the signal (samples of steel and copper, from top to down)

The first scan is a reference. It is taken as a sample and all other normalized in
accordance with it. At this stage of a digitizing the signal and reference signal is measured by
the length between two peaks (Fig. 3) [7]. Signal processing was carried out by means of
mathematical package MATLAB. To determine the peaks of a signal used specially developed
algorithm averaging three points (Fig. 4), which is shown as placed point t1 — t3 with brute
force value of the amplitude of the signal.
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Figure 4. The process of sorting the points t1-t3 when determining the maximum amplitude of the signal

Search algorithm of maximum in signal is shown in Fig. 5.
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Figure 5. Search Algorithm of maximum in signal
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The algorithm is based on the measurement of the amplitude maximum value from three
points (t1, t2, t3) by brute force all signal values. As the score got out in the middle amplitude
point t2.

Possible options for acute and hollow maximum.

Consider the case of a sharp peak. In this case, the point t2 amplitude greater than the
amplitude of the next and previous points. The current number of iteration is taken as the desired
maximum.

With a gentle peak amplitude at point t2 larger than the amplitude at point t1 and equal
amplitude at point t3 for several iterations busting discrete signal. In this case, the latest iteration
number at t2 and t3 equality adopted by the desired maximum.

Further, the duration of signals of new models was set to the length of the reference
signal. Information on the critical points of the signal used for further piecewise polynomial
approximation signal and comparing the signals together.

To set the statistical probability of obtaining reliable result 0.95 [8] for each metal
sample was conducted on 100 measurements.

Conclusions. Thus, the technique and algorithm normalization signal taken from the
antenna eddy current metal detector that allows correct identification of further types of
detected metal.
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HOPMYBAHHA CUT'HAJIIB BUXPOCTPYMOBHX
INEPETBOPIOBAYIB VIS KOPEKTHOI'O IX IIOPIBHSAHHSA

AHTOH AOpamoBu4; Bosogumup Iigxyonuii

Hayionanvnuii mexuiunuu ynieepcumem Yxpainu « Kuiscoxuii nonimexuiunuti
incmumym imeni leopsa Cikopcokozoy, Kuis, Ykpaina

Pe3tome. 3a0aua susgnenns memanesux npeomemia y pizHux cepedosuyax 3aeaicou 6yia akmyanbHoI.
Onmumanvhumy 01  OUXOMOMIYHO20 PO3DI3HEHHS Memanié € IMIYabcHi Memanowykaui muny VLF.
Ilepeoasanvna anmena makozo MemaloOWyKaua 6UNPOMIHIOE NEPEUHHE eleKMpOMAazHimHe noJe, sKe
NPUUMAEMbCA NPUTLMATLHOIO AHMENOI0, HATAWMOBAHOI0 MAK, W00 3a 8I0CYMHOCTI MeMANe8ux npeomMemis Mixc
NPULIMATBHOIO ™A NepedasalbHol0 aHmeHamu Ha 6x00i npuumaua 0y8 MIHIManbHuti cueHain. Y cyuacHux
Memanoutykayax idenmugbikayis muny memany 30iCHIOEMbCA WIISXOM UOLIEHHS IHOPMAMUBHO2O CUSHATY HA
oni 3asasxcarouoeo gpaxmopa. Ha cb0200Hi suxopucmogyoms amnaimyonutl, azosuti ma yacmomHui Memoou
00pobKu cuenany. [iereKmpuuHa ma MAacHIMHA NPOHUKHOCMI OISl KOIbOPOBUX | YOPHUX Memdanie pi3Hd, uo
npu3800umb 00 PI3HUX 30 AMAIIIMYOOK CUZHANIE HA 6X00i nputimanbHoi awmenu. Tomy 011 KOpeKmHo20
NOPIGHAHHA CUSHATIB, KPIM NOPO208020 MemoOy PO3DI3HeHHs, HeoOXIOHe iX HopMmysanHs 3a amnaimyoor. Kpim
Mo20, CKAHYBAHHA 00CTIONHCYBAHO20 Cepedosuwja anmeHol0 8i00Y8AEMbCs 8PYUHY, A ye NOmpedye HOPMYB8aAHHs.
NPULHAIMO20 CUSHATLY 30 MPUBATICINIO.

Aemopu  po3pobunu MemoouKy ma aneopumm —HOPMYGAHHA CUSHANIG, 3HAMUX 3 aHMEHU
BUXPOCMPYMOBO20 MEMANOULYKAYA, AKUL 003605€ NOOANbULY i0eHMUGiKayilo munie 6Ua6IeHUX MEmanis.

Kniouogi cnosa: ouxomomis, uUXpoCmpymosuii Memaioulykay, po3pisHenHs Memaris.
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