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AHHOTAUMS

B macTosIeil cTaThbe OMUCHIBAETCSA IIOITAITHOE CO3JaHNEe aHAJIUTUUECKOM
¥ IIOJIHOI BOJIHOBOM MOJe/IN KaHajia, KOTOPas MOXKeT ObITh BKJIIOUEHA B pa-
00Ty ajaropuTMa O0OHAPYIKEHNI METAINYeCKNX KOHCTPYKIUHA B OETOHHOMI
cpejie IS PagruoJIOKAIMOHHOTO YCTPOHcTBa. AHAIUTIYECKAS MO/eJIb OCHO-
BBIBAeTCSA HA TEOMETPUYECKOM (DOPMYJIUPOBKE, B OCHOBE KOTOPOI JIEIKUT pe-
meHre o0paTHON 3aJauu AJA MOUCKA TPeOyeMOoro yrJa MpeioMIeHUs IJIsS
TOYHOT'O OIIPeieJIeHNsT KOOPAUHATHI TOUeUHOT0 00'beKTa. B moaHO# BOIHO-
BOI Mojesn, KoTopas Oblia paspaborana B CAIIP Altair Feko, Bo3MOKHO
YUUTHIBATH KAaK PEAJIbHYI0 AHTEHHY NI AHTEHHYIO PEIIeTKY, KOTOpas IMPU-
MEHSEeTCSI B YCTPOICTBE, TAK U PeabHBIH 00BEeKT OTPasKeHusl CUTHAJA, KO-
TOPOIi pacmojaraercs B 0eTOHHOM cpefe. Ba)KHO OTMETUTh, YTO B aHAJIUTH-
YEeCKOU MOJIeIN yUUThIBaeTCA 3(PEeKT AUCIEePCUN 3JIeKTPOMATHUTHBIX BOJIH,
pacmpoCcTpaHAOIUXCA B cpee. ITOT (haKT OKa3bIBAETCS 0COOEHHO aKTyallb-
HBIM, ITpU (OPMUPOBAHNY PASNOJIOKAIIMOHHOI0 KOMILIeKca Ha ocHoBe JIUM-
CHT'HAJIOB B HEKOTOPOM JraliadoHe yacToT. B qanHoi padore paspabaTbiBaeTcs
aJropuTM AJid yactorHoro auanasona 0,8—5 I'T', ogHako npu HE06XOLUMO-
CTU T'PAHUIIBI IOJIOCHI MOTYT OBITH U3MEHEHBI KaK B OJHY, TaK U B APYTYIO
CTOPOHY. AlropuT™ paspabaTbiBaeTCs IJIA €r0 UCIOJb30BAHUS B PAIHOJIO-
KaIMOHHBIX YCTPONCTBAX OOHAPYKEHU S MEeTALINUECKUX KOHCTPYKIUH B Oe-
TOHHOI cpefie. [[JIs altocTePUOPHOTOo yueTa 3JIeKTPo(hU3nUeCcKUX MapaMeTpOB
Cpefbl B COCTAB PaNOJOKAIIMOHHOTO YCTPOMCTBA MOKET OBITH BKJIIOUEH 13-
MEPUTEIbHBINA MOYJIb 10 BOCCTAHOBJIEHUIO AeHCTBUTEIbLHBIX 2JIeKTPOMUB-
YeCKUX IapaMeTpoB OeToHa.

KntoueBblie cnosa
pacipocTpaHeHre PaguoBOJIH, IOAIIOBEPXHOCTHAS PAJUOJOKAIINS, DJIEKTPO-
INHAMHYECKOe MOLeJINPOBaHNe, CTPYKTypocKonusd, 6eron, MIMO.
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Semi-analytical and Full Wave Solution
for the FMCW-signal Path of a Radar
for the Metal Rod in a Concrete Medium Detection

K. M. Zeyde >4
Ural Federal University named after first President of Russia B.N. Yeltsin,
32 Mira Str., Ekaterinburg, 620002, Russia

04 k.m.zeyde@urfu.ru

Abstract

This article describes the systematic development of an analytical and full
wave model of a radio channel, which may be included in the operation al-
gorithm of detecting metal structures in a concrete medium for the radar
device. The analytical model is based on the geometric formulation and so-
lution of an inverse problem to find the required refraction angle to accu-
rately target incidence. In the full wave model, which was developed in CAD
Altair Feko, it is possible to take into account both the real antenna or an-
tenna array, which is used in the device, and the real signal reflection ob-
ject, which is located in the concrete medium. It is important to note that
the analytical model takes into account the dispersion effect of electro-
magnetic waves propagating in the medium. This fact turns out to be espe-
cially relevant for the forming of the radar complex based on chirp signals
(or FMCW) in a certain frequency range. In this paper, an algorithm is de-
veloped for the frequency range of 0.8-5 GHz, however, if necessary, the
band boundaries may be changed. The algorithm is established created for
its use in radar devices for detecting metal structures in a concrete medi-
um. A measuring module of restoring the actual material parameters may
be included in the complex of the radar device for a posteriori accounting
of the electrophysical parameters of the concrete.

Keywords
electromagnetic propagation, subsurface radiolocation, electromagnetic
modeling, structuroscopy, concrete, MIMO.
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