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The analysis is given of the ways to improve tmsigeity of nonlinear radar to eavesdropping desc
having small dimensions and having in its compamsithonlinear objects. We investigated the method to
increase the sensitivity by using, as the probealigltra-wideband pulses together with the harneaignal of
microwave frequency, which could result in intermiation effect, through which run the identificatio
nonlinear objects among the plurality of reflectonghich do not apply to non-linear objects.

Introduction: from the variety of possible methods of searchibgcts, the nonlinear radar is one of the
most important ones and has been actively devealogiince the 70-ies of the last century. The noaliradar
(NRL) detects nonlinear objects (NO), not onlylie tactive mode (transmission signal), but alsdhépgassive
(accumulation operation) one and being turned off.

Currently sensitivity plays an important role in NRConclusions transistors diodes and other noaline
elements, as well as the conductors of the PCBidaglevice serve as an antenna to broadcast a teeémsignal
on the air. The rapid development of micro- andoralectronics sets the task of improving the satisitof the
NRL to mortgages devices having small dimensionshsas GSM bug N9 Nero Apple 40x30x10mm size [1].
The sensitivity of a conventional radar is improvedseveral ways: to increase the sensing frequehayse
sophisticated signal as a probe, to reduce thaidaoraf a probing signal pulse, increase the powighe probe
signal. Increasing the operating frequency of NRuses complication of the radar receiver path aadd to
deterioration of the penetrating power of the ragigmal.

The traditional use of complex radar signals alldavsesolve the contradiction between energy pakent
and sensitivity [2]. The use of complex nonlineadar signal has a different character [3]: the afssomplex
signals leads to the deterioration of the sengjtiand accuracy of the range measurement.

Of interest is the use of ultra-wideband signalsfmbing nonlinear objects. Midget duration of Isuc
signals provides a high level of resolution (uprim units).

The goal: to explore the sensitization method using ultrdeliand pulse as a probing signal together
with the ultra-high frequency harmonic signal

Objectives: to increase sensitivity of the mortgage nonlineatar devices having small dimensions and
having in its composition nonlinear objects.

It is proposed to use the effect of intermodulatanthe foundation of such a method [4]. At the sam
time NO should be irradiated with a powerful harmaignal E (t) and ultra-wideband pulses Er (t). Reradiated
signal from the NO is determined by (1):

E ()= E 0+ g (], @)

where g (x) — the form of nonlinearity.
When the powerful high-frequency harmonic(B signal, given by the expression (2), rescattesignal
from the NO will be determined by the expression (3

E,(t) = Asin(t+ ), (2)

EM=EM+EM®+dED+ E()= 3
= E, (1) + Asin(t+ @)+ g E ()+ Asin@t+@) .

To analyze the efficiency of this method, the simioh scheme «Matlab» program (Fig. 1) is
synthesized. In the simulation, the case of thegee of eavesdropping devices in an environmanhtibes not
have shielding and absorbing properties of radieesas considered.

Ultra-wideband pulses formed «Pulse Generator»kkland «Digital Filter Design». The harmonic
signal is generated by «Sine Wave» block. Withhibkp of these two signals combiner is formed amd sethe
NO «Fcn», the current-voltage characteristic ofalihis given by a polynomial of the third degreeodis
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«AWGN Channel» simulate communication channel witise. The simulation results are presented iricima
of spectrograms of the control points scheme: «®p@c Analyser», «Spectrum Analyserl», «Spectrum
Analyser2».
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Fig. 1. Driving simulation

The spectrum ultra-wideband signal of the probshiswn in Figure 2a. Signal to noise ratio in the
simulation is set to + 20dBm. The spectrum ultrdebiand signal is limited to a band pass filtethatlevel of
the main lobe. Pulse takes the form of the secanivative of a Gaussian pulse. The width of thectpen in
this case is on the level of 0.833GHz —3dB relatovéhe maximum power level, which is equal to -dBm.
The spectrum of a harmonic signal (Fig.b?,has a single spectral component power 27 dBnhénlt4 GHz
frequency, which is higher than the maximum freaquesf UWB signal spectrum at 600 MHz.
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Fig. 2. Spectrograms probing signals:
a— UWB signal spectruniy — the harmonic spectrum signal

Output signals by converting NO described by a potyial of the third degree is shown in Figurea3,
As seen in the spectrogram, the reradiated sigr@mposed of harmonic signal emitted at the spéédt GHz
35 dBm level, twice the level of 25 dBm and thrémes the level of 15 dBm. In addition, there issxo
modulation between the harmonic and UWB signalsl #e range is similar to the amplitude-modulaigdal,
which serves as a carrier wave signal. When thdrtia nonlinearity (Fig. 3) is also present, and the double
but not three times harmonic modulation of theatatli harmonic signal.
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Fig. 3. The spectrum of the signal after the n@dintransformation:
a — for NO, described by a polynomial of the thiefycee b — for the quadratic NO

Conclusion. Based on these results it is clear that irradiatie well as the harmonic signal and UWB
pulses observed the effect of intermodulation. VINRL receiver tuned to a sideband of the modulaigdal
obtained as the result of the nonlinear transfaomatNO is detected. Furthermore, the use of wideband
signal can improve the sensitivity to NRL mortgadevices having dimensions of approximately a few
centimeters. The programming model confirms thesipilgty of use in nonlinear radar the method ofed¢ing
eavesdropping devices having small dimensions anthd in its composition NO. The model is the bdeis
practical tests in order to obtain more detailediists.
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