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ABSTRACT

Ruban VP. Adaptable stroboscopic conversion of vigadse signals in radar
systemsi Manuscript of qualifying scientific work.

Thesis for a Candidate degree in physical and mathematical sciences
Speciailty 01.04.017 physics of devices, elements, and systgifPBysical and
mathematical scienceg) O. Ya. Usikov Institute for Radid’hysics and Electronigs
National Acadeny of Sciences ofUkraine; V. N. Karazin Kharkiv National

University, Ministry of Education and Science of Ukraine, Kharkiv, 2020.

This thesis contains the research results on theham@sms and features of
stroboscopicconversion, which are the basis for the creation of samplers used in
ultrawideband (UWB) ground penetrating radar systems (GPR).

Non-destructive radar determination of the subsurface structure of natural anc
artificial environments remains important arglewant in various fields of human
activity. The study results of subsurface soil layers are of interest to builders,
archaeologists, soil scientists, the military (especially sappers), transport companie
(for example, those that transport petroleum petgluthrough underground
pipelines), road servicegand many others. A necessary condition for the correct
restoration of the environment's electrophysical parameters is the high accuracy c
recording (reproduction) of time dependences (waveforms) ofghalsiscattered by
the environment. Therefore, one of the main problems that need to be solved at tr
present stage of development of methods and techniques of UWB pulsed subsurfas
radar sounding is to improve the quality of primary radar data by exmartide
dynamic range of the radar receiver. Of particular note is the part of the UWB
impulse GPR which is responsible for receiving and registering radar signals, i.e.
stroboscopic radar receiver.

The aim of the works to identify the physical laws stroboscopic conversion
of electric pulses of nar@nd subnanosecond duration ranges and usettheeduce

the total noise level at the input system and expand the dynamic range of UWE



impulse radar systems.

Both mathematical modeling and calculations of pulse signal conversion
processes and experimental methods of verification of theoretically obtained
regularities are used in worlEor the theoretical description of the conversion
process, a stroboscopic e@nter's mathematical model was chosen, which describes
the accumulation process in the storage capacitor when the electronic (diode) switc
opensCalculations and analysis of the process and results of the conversion are mac
using mathematical models d&d on the usual firstrder differential equation and
convolution. In experimental researches, the experimental samples of the UWE
i mpul se ground penetrating radar of ¢t
author personally created stroboscopicvesters with digital control of sample width
and analog accumulation.

The dissertation presents the results of research on the influence of sampl
width, analog accumulation and synchronization instability on the transient respons
(operating frequency bdh noise characteristics artde transmission ratio of the
stroboscopic converter. The influence of charge losses in the storage capacitor durir
storagetime on the characteristics of the converter is also evaluated. For the first time
it has been showthhat analog accumulation leads to a decrease in the rise time of the
transientresponceof a stroboscopic converter operating in the mode of incomplete
charge of the storage capacitor and, accordingly, to the expansion of its operatin
frequency bandThus when the sample width is an order of magnitude less than the
storage capacitor charge time, and with 10 accumulations, the operating ban
expands by 1.5 GHz (respectively, becomes 1.8 times wider than the value of thi
operating frequency band of the cemer operating in the mode without
accumulations).

Correction of the jitter estimation method by amplitude erwas propsed
based on the restoration of the real signal amplitude by two adjacent sampihes.
proposed method, the transmission factor and the loss factor of the stroboscopi

converter sampling gate are taken into account. The improved method of jitter
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estimation made it possible to obtain correct estimates, which was confirmed
numerically ad experimentally.

A stroboscopic method with variable sample width has also been proposed fo
recording UWB pulse signaBsnd a method for optimizing the sample width by the
criterion of the maximum Pearson correlation coefficient to increase the-tignal
noise ratio in the converted signal has been developed.

Controlled change of sample width and, as a result, control of the working
bandwidth of the stroboscopic receiveir GPR makes it possible to change the
dynamic range of the radar receiver, incnegsts sensitivity and optimizing the set
of parameters of the enti@PRrelated to its resolution.

The fourth section of the dissertation presents the approbation results of the
method of adaptation of stroboscopic conversion, which were obtained dioeng
research and a number of practically important tasks.

Experimenton detecton of low-contrast objectthatmove under the solil layer
in the tunnel, allowedeehow the contrast of the image of the search olpbeinges
with changing the workindrequency band of the stroboscopic receiver and optimize
it to detect the movement of the dielectric object in the plastic tunnel.

The signalto-noise ratio obtained in the stroboscopic converter as a result of
selecting the optimal sample width allowed to appbnfidently the tomographic
method of GPRinformation processing to the restoration of the subsurface structure
of the soil.

GPR developed using the considered in the work approaidndsuilding a
stroboscopic converter with extended dynamic rangettadorresponding software
allowed quickly and with high accuraapat is enough for road monitoringo
determire the thickness of the structural layers of the road surface.

The use of optimized stroboscopic converters \aitlextended dynamic range
in themeasuring complex adds accurdoymeasuing antennas parameters

The practical significance of the obtained resudtthat the developed methods

of adaptable stroboscopic conversion improve the quality of primary radar data and



10

thus, improve the accacy of the results of UWB pulsed radar measurements and
expand the scope of possible applications of UWB pulsed radar for solving
practically impatant tasks of radio introscopy

The new results obtained duringearch on this dissertation are

1. For thefirst time, the method of stroboscopic conversion with variable
sample width has been offered. It allowed expanding the dynamic range of the
stroboscopic receiver by 22.3 dB.

2. It is shown that under conditions of conversion with an incomplete charge
of thestorage capacitor, the analog accumulation allows reducing the rise time of the
converter's transient response and, consequently, expands the receiver frequency be
to 80% at 1&ime accumulation

3. The method of determining the instability of synchronaat(jitter) by
amplitude errors, which is based on the analysis of errors of the converted signal, i
improved. In the proposed method, the actual signal amplitude is calculated based c
two adjacent samples and taking into account transfer and losscieme$f of the
sampling gate. The improvement allows correctly evaluate receivers' synchronizatior
jitter with stroboscopic converters operating in the mode with the incomplete charge
of the storage capacitor.

4. The method for adapting stroboscopic conwrgparameters in a ground
penetrating radar system is proposed and tested. The use of this method increased
detecting probability of subsurface objects with close to the environment
electrophysical parameters, and also allowed to restore the spatrdbution of
dielectric constant and conductivity of the medium by the results of probing and
determine the thickness of layers of pavement \aithaccuracy of not less than

5mm.

Keywords: UWB impulse radar, ground penetrating rad&PR), sampler
(stroboscopic convertgr sample width, sensitivity, UWB impulse signals, dynamic

range
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