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r6PUAHI TEXHONOCI A9 PEANIALII PARIOCUCTEM MIJIIMETPOBOIO TA TEPATEPLIOBOIO JIANA30HIB

PoarngHyTo TexHonoril, 140 6yaytoTbCs Ha NOEAHAaHHI Pi3HX BACTUBOCTEV | NepeBar Pagio- Ta OMTUYHUX CUCTEM, SIKi POMOHYIOTLCS A1
peaniaauii TenekoMyHiKaiiHux cucTem 3B°S3Ky B MiniMeTpoBoMy i TeparepLoBomMy giana3oHax. [1oka3aHo, 1o BUKOPUCTAHHS Ti6pMaHNX
TOMOSOrivi MEepexi, ONTOENEKTPOHHUX METOAIB (hopMyBaHHS | 06POBKM CUTHANIB, hopMyBaHHs Jiarpam CripsMOBAHOCTI @HTEH, @ TakoxX
3aCTOCYBaHHs1 KOMITEHCYI04MX METORIB MOXe MgBNLYNTY CREKTPAIbHY | EHEPreTnyHy eqPeKTVBHICTL NEPCNEKTVBHYX CUCTEM 3B’93KY B fia-
nasoHax 75...110; 200...450 ITy.

Kniovogi cnoBa: minimeTpoBuii giana3oH; TeparepLoBuid fiana3oH; ribpuagHi TEXHONOrii; oNTOENeKTPOHHI MeTOAN 06p06KM pagiocurHa-
niB; (hOTOHiKa; crekTpanbHa edeKTUBHICTb; eHeproediexTBHICTb; radio-over-fiber.

A. A. Kpemereuxas, E. P. Xykosa, C. B. Mopo3osa
TMBPWNAHBIE TEXHOJIOTN AN PEANU3ALNWA PAUOCWCTEM MUWIJIMMETPOBOIO W TEPATEPLOBOIO AVANA30HOB
PaccmoTperb! rvbpuaHbie TEXHOMOMM, 0CHOBaHHbIE Ha COYETaHVM PasiinyHbIX CBOVICTB v MPEVMYLLECTB Paamo- v ONTUYECKYX CUCTEM,
npennaraembix 4515 Peann3aLmn TenekoMMYyHUKaUUOHHbIX CUCTEM CBSI3V B MUIIIIMMETPOBOM 1 TeparepLoBoBoM auana3oHax. [lokasa-
HO, YTO UCrOMb30BaHVe rBPYAHbIX TOMOSOMMA CETU, ONTOSNIEKTPOHHBIX METOL0B (YOPMUPOBAHMA 1 06paboTKN CUrHamNos, (hopMmpoBa-
HWS anarpamM HanpaBiieHHOCTV 8HTEHH, 8 TAKXE MPUMEHEHVE KOMIMEHCUPYIOLUMX METOLO0B — BCE 3T0 MOXET M0BbICUTL CHEKTPAIIbHYIO

1 3HEPreTUHECKY0 3((hEKTIBHOCTY NEPCNEKTUBHLIX CUCTEM CBSA3U B ananasoHax 75...110; 200...450 ITy.
Knioueeble cnoBa: MunnMMETPOBbLIA [Mana3oH; TeparepuoBbIi AWana3oH; rvBpUAHbIE TEXHOMOMAW; OMTO3NEKTPOHHbIE METOfb

06pa6oTk/ pagunocurHanos; (hOTOHWKA; CMEeKTparnbHas at(eKTUBHOCTb; SHeproathdeKTuBHOCTL, radio-over-fiber.
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PRELIMINARY TESTS THERAHERTZ 3D IMAGING RADAR

Were conducted preliminary tests terahertz 3D imaging radar for different system configurations and studied the pro-
perties of materials depending on the distance hetween the sample and the antenna.
Keywords: absorber; digital spectral analysis; electromagnetic simulator; horn antenna; far field and near field pattern.

Sample
Plexiglas TOmm
60 mm

Absorber

Fig. 1. Used conical horn antenna
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INTRODUCTION

In scientific laboratories SPE «Quantor» designed
and manufactured FMCW (Frequency Modulation
Continuous Wave) radar with the following parame-
ters: frequency band linear; frequency modulation
— from 92 to 96 GHz; period (length of interval) —
1 ms; bit ADC — 16 to 32 bits; the number of cycles
of accumulation — from 1 to 10 000; layers reflec-
tion — 3; distance to layers reflection — 0.095;
0.105, 0.106; wave propagation environment — air;
signal-to-noise ratio — from 80 to 30 dB.

We used conical horn antenna (fig. 1). The main
characteristics of the various methods of spectral es-
timation parameters of signals were tested in order
to study radar system.
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In order to study the main characteristics of the various methods of spectral estimation parameters sig-
nals of field was built a test model of determinate harmonic signal [1].

To study the characteristics of the methods of spectral estimation of signal parameters was established
deterministic model test harmonic [2].

There is obtained equation model of the non-liner method. Experimentally confirmed valuation parame-
ters signal FMCW radar with different noise levels and different distance to horn [3].

MAIN PART

Description of the system 3D head problem
Fig. 2 displayed our configuration: 3D head looks at the flat metal plane. So, the emission beam is totally
reflected from the metal surface and then it returns back to the horn.

T i

Flat Metal Plane

3D Head

.

«l

Fig. 2. Measurement set up

When the head was functioning the measurement result was like in the fig. 3.
In the same measurement configuration, we don’t have any results in the absence of direct visibility. As
shown in the fig. 4 we see only a flat trace.

Fig. 3. Result when the head is working properly Fig. 4. The head isn’t working properly

When the 3D Head is switched off for a long time (undefined, but of a few days), the device returns to
work again properly for a indefinite time.
We built a new system to do measurements with the head 3D [4]. It is shown in the fig. 5 and 6.

1) L > 3 ¥
Fig. 5. A new system to do measurements with the head 3D
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Fig. 6. New system head 3D

The horn is at 80 cm from the absorber and the sample holder that we use to put the samples to test can be
moved along the length between the horn and the absorber. The absorber is with height 10 cm as showed in
fig. 7.

—~2z

Fig. 7. Small piece of absorber

We need to do 3 kinds of test. Our start set up (see fig. 6) and it is characterized by the following para-

meters:
D=80cm;d=D/2=40cm.

This set up is the start set up in all tests.

In this condition:

1) we measure the signal without the sample (5 times) noting data out_0... data_out_4;

2) we place the sample (plexiglas of 10 mm) on the absorber and we repeat the measure 5 times noting
data_out_5...data out 9;

3) on the top of the sample we stick a thin conducting film (carbon fiber of 0.4 mm) and we repeat the
measure 5 times noting data_out_10... data_out_14;

4) we flip back the sample with the film conducting and we measure 5 times noting data out_15...data_
out 19;

5) in all test we make a point of 50 measurements. We mean that there are 50 measurements in every data
out.

Result of the tested using the programm «Scan processing»
We make 3 different tests:
a) using only one material at different distances from the horn;
b) using two layers of the same material placed at different distances from each other;
c) using two layers of different material placed at different distances from each other.

Case 1

In the first kind of tests, we distinguish 3 different results using different materials.

In the case of layer of about 1 e¢m in plexiglass we see that the measurement in frequency changes from
time to time.
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For example: plexiglass on the worktop at 35 cm from the horn (fig. 8).
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Fig. 8. Plexiglass on the worktop at 35 cm from the horn

Sometimes we see 7.133, other times 7.122, etc. Moreover, we expect to see one peak at frequency 7 (in
according to the conversion factor 50.0 we must have 35 cm = 50.0 + 7). If we put the layer closer to the horn
the measurement accuracy decreases. In the images the case of plexiglass at 10 cm from the horn (fig. 9).
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Fig. 9. Plexiglass on the worktop at 10 cm from the horn

We expected to see one peak at frequency 2.0 instead we see 2.724, 2.754 (fig. 10 and 11) and so on.
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Fig. 10. Composite material in kevlar

In the case of thin layers (less than 1 cm) of composite material in kevlar (see fig. 10) we saw that the mea-
surement in frequency is always the same and centered at the frequency of 7.000 (over 90 Ghz) for layer at
35 cm from the horn. Also in this case we see the other peaks. For example in the frequency 2.393 and 12.745

(fig. 11 and 12).

In the case of layer in plastic 1 cm thick, we see that the measurement in frequency is always the same and
centered at the frequency of 7.000 (90 GHz) (fig. 14) and 12775 (over 90 GHz).
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Fig. 11. Composite material in kevlar for the frequency 2.393 (90 GHz)
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Fig. 12. Composite material in kevlar for the frequency 12.745 (over 90 GHz)
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Fig. 13. Plastic on the worktop at 10 cm from the horn for the frequency 7. 000 (90 GHz)
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Fig. 14. Plastic on the worktop at 10 cm from the horn for the frequency 12.745 (over 90 GHz)
Case 2
In the second kind of tests we used two layers of the same material placed at different distances from each
other. In this case we can not correctly measure their positions. For example 2 layer at 15 cm (fig. 15). We

expect to see two peaks at frequency 4.0 (20 cm from the horn) and 7.0 (35 cm from the horn) respectively.
We have some uncertainly.
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Fig. 15. 2 layer at 10 cm on the worktop at 15 cm from the horn
However we never distinguish them if they are far less than 10 cm from each other.
For example 2 layer at 10 cm (fig. 16).
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Case 3

In the third kind of tests we used two layers of different material placed at different distances from each
other. In the following image we have one layer in kevlar at 35 cm and one layer in plexiglass at 25 cm from
the horn respectively (fig. 17).
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Fig. 17. One layer in kevlar at 35 cm and one layer in plexiglass at 25 cm
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Protocol of test to perfom measurements
The measurements will be made as following.

Test 1

In the test 1 the measurements are made on a single material at a time. The materials are plexiglas and
layer of kevlar/diolene. We will do measurements using before plexiglas and then one layer of kevlar/dio-
lene. The thickness is not important.

The procedure is as follows:

1) we put the system in the condition of start set up. This means that at the bottom is present the absorber
(D =80 cm) and the sample is put at d = 40 cm. This is the first measurement;

2) then we move the sample by increasing the distance from the horn of 1 mm at a time. We repeat this
10 times. After each movement we record the spectrum. So the measurements correspond at these distances
from the horn: 401; 402 and so on until 410 mm;

3) from this position (41 cm), we move the sample by increasing the distance from the horn of 1 cm at a
time. For each position we record the spectrum. We repeat this 10 times. So the measurements correspond
at the distances from the horn: 42; 43; 44 and so on until 50 cm;

4) we repeat paragraphs 1-3 for both materials.

Test 2

In the test 2 the measurements are made using the same samples (plexiglas and layer kevlar/diolene).
We will do measurements using before plexiglas and then one layer of kevlar/diolene. The sample is kept
in stop at d = 40 cm and the absorber is made move from the back of the sample to the bottom of the system
(D =80 cm).

1. The sample is at the distance d = 40 cm. Behind it and adherent its surface, is put the absorber.
We record the spectrum.

2. From this position (40 cm), we move the absorber by increasing the distance from the sample of 1 cm at
a time. For each position we record the spectrum. We repeat these different times. These measurements are
necessary to understand if and how the absorber influences the measurements.

Test 3

Now we use two plates and make the «sandwich» (fig. 18). The first one (in front the horn) must be homo-
geneous and weakly absorbing (we use plexiglas). The second one is behind and adherent the first.

We repeat the same steps of the test 1 with this sample (fig. 19).
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Fig. 18. Using two plates and make the «sandwich» Fig. 19. Sample like «sadwich»

CONCLUSION

We measure the signal without the sample (5 times) noting data_out_O0... data_out_ 4. Later we placed
the sample (plexiglas of 10 mm) on the absorber and we repeat the measure 5 times noting data_out 5...
data_out 9.

On the top of the sample we stuck a thin conducting film (carbon fiber of 0.4 mm) and we repeated the
measure 5 times noting data_out_10... data_out_14. Later we flipped back the sample with the film conduc-
ting and we measured 5 times noting data_out_15...data_out_19.

In all test we made a point of 50 measurements. We mean that there are 50 measurements in every data
out.

Then we made tests. In the test 1 the measurements are made on a single material at a time. The materials
are plexiglas and layer of kevlar/diolene (see fig. 19). We do measurements using before plexiglas and then
one layer of kevlar/diolene. The thickness is not important.

In the test 2 the measurements are made using the same samples (plexiglas and layer kevlar/diolene). We
do measurements using before plexiglas and then one layer of kevlar/diolene. The sample is kept in stop at
d =40 cm and the absorber is made move from the back of the sample to the bottom of the system (D =80 cm).
Then we used two plates and make the «sandwich». The first one (in front the horn) must be homogeneous
and weakly absorbing (we used plexiglas). The second one is behind and adherent the first.
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NONEPERHE TECTYBAHHA 3D TEPATEPLIOBOIO PAJIAPA 306PAXKEHHA
Onvicaro HU3Ky nonepesHix TecTis, NPOBEAeHNX 41151 BCTAHOBIIEHHS 3aIIEXXHOCTI BACTVBOCTEVi MaTepiasny, 3 SKoro BUroToBIEHO 3pa3ok,
Bifj BNAVBY [aNEK0ro v 61in3bKoro nosisi aHTEH 41151 PI3HVX KOHIrypawivi pagapHoi cucTemu.
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