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Abstract. This article is aimed at design and development of the new optimal approaches to analyze and process the reflected
signals of guard systems to provide for detection of object’s motion at a high level of reliability and noise robustness. The process
wideband signals of guard systems transformation directly in the wavelet domain has been investigated for various basis functions,
decomposition depths, and noise levels, which resulted in the definition of recommendations and principles for selection of the

most efficient methods for processing of such signals.
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Introduction. In theory of communication, navigation, ra-
dio and hydro location, in alarm systems and in solving
many other problems it is necessary to receive and use the
evaluation of frequency-time parameters of the received
signals and therefore measure their frequency, time or
phase shift. The accuracy and noise robustness of the sys-
tem depends on the efficiency of the algorithms in the pro-
cessing of the received signals, reaching errors minimiza-
tion of assessments of frequency-time parameters. Theo-
retically potentially the best estimates are obtained on the
basis of maximum likelihood function, but its implementa-
tion complicates the structure of correlation and multichan-
nel devices [1-3].Therefore, in practice, widespread de-
vices that use simplified algorithms, increasing their effi-
ciency are the main subject of study. The most common
assessments of the frequency-time parameters of signals in
practice are implemented by digital devices that provide
filtering the signal and form an integrated assessment of the
results of averaging. Improving the accuracy and noise ro-
bustness of devices with different operating conditions is
an important task for future research.

It is known that the use of wideband signal models for
radar systems has several advantages over narrowband
models (detection moving small objects against the back-
ground of large stationary object, improving the reliability
of detecting of moving objects, recognizing bulky objects,
providing better resolution of closely spaced objects, in-
creasing the accuracy of estimation of the distance to the
object location, etc.).The efficiency of broadband pro-
cessing in them depends largely on the area representation
of the emitted and received signals. Because the evaluation
of the quality of measurements in such cases essentially de-
pends on the resolution of the analyzed signals, as well as
the noise robustness of the selected transformation, the
most beneficial and informative in this case is the use of
time-frequency form of presentation of these signals and
their subsequent processing in this region [4].

Analysis of studies and publications. The use of mod-
els of narrowband signals by radio wave motion detector in
alarm systems has certain features associated with the fact
that when approaching an object in the controlled area of
space in the direction of the receiver, the width of the spec-
trum of the reflected signals from the presence of the Dop-
pler effect increases concerning the width of the radiated
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spectrum signal. Thus, the work of such devices is typically
performed under the influence of external and internal
noises; their energy spectrum is predominantly linear, nar-
rowband and located in the area of useful signals [5,7].This
reduces the stability of the radio wave of alarm systems to
false positives. Increasing in some degree of resistance to
false positives is performed by well-known methods, usu-
ally by lowering the reliability of the detection of moving
objects in a controlled area of space. In these radio wave
devices of security systems, during the choice of an appro-
priate signal probing, it is looking for a compromise be-
tween these parameters.

Broadband short-pulse signals of sensing allow signifi-
cantly improving the resolution and accuracy of measuring
the distance to the object of observation, to reduce the
«dead zone» system, increase its resistance to all kinds of
passive noises and simplify the monitoring of the move-
ment of an object against a background of powerful reflec-
tions from stationary objects. Mainly the methods of cor-
relation and correlation filter of the processing reflected
signals are used to select parameter of information from
them [5, 6].However, the efficiency of these methods is lost
during non-compliance with high requirements for linear
frequency deviation of these emitted signals and inability
to make qualitative and reliable evaluation of the reflected
signals within their wide frequency range on the basis of
these methods, it is resulting in deterioration of the relia-
bility of the detection of moving objects corresponding de-
vices of guard systems.

Wavelet transform is a promising technique for pro-
cessing signals with the level differences. The works [4-8,
10] shows that wavelet filtering is optimal option for sig-
nals with a priori unknown form. To process the signals
which have leaping their average value (for example, rec-
tangular pulses), the work [9] proposes to use the method
of adaptive threshold that allows partially keeping a sharp
front pulse, which greatly reduces its errors of time loca-
tion. In work [11] an alternative method to improve the ac-
curacy of distance measurement of sensing object, based
on the total energy by wavelet coefficients of probing and
reflected signals, is proposed. For this method received val-
ues of wavelet coefficients of the probed and reflected sig-
nals are compared with each other, resulting the part of in-
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formation of the distance estimate to the object of observa-
tion is obtained. Considered method is the most effective
for a small distance of measurement, in which the level of
received signal is slightly different from the level of radia-
tion.

It is known that the wavelet transform is a handy tool for
adequate representation of signals with localized frequen-
cies, because the elements of its basis are localized and
have a moving window of time-frequency. Due to the con-
stant change of window size wavelet transform can provide
proportional resolution in each frequency band, which al-
lows creating fractal window with constant resolutions of
bandwidth, thus it becomes possible to analyze and com-
pare the differences of signals. Thus, the analysis and pro-
cessing of short (broadband) signals of guard systems with
the aim to improve their noise robustness and reliability of
the detection of moving objects are the main field of appli-
cation of wavelet transform.

The purpose of investigation. This article is aimed at
design and development of the new optimal approaches to
analyze and process the reflected radar sounding signals,
and to create mathematical models, algorithms and system
designs of digital converters to provide detection of ob-
ject’s motion at a high level of reliability and noise robust-
ness. Based on the results of the analytical research and
computer modeling, the process of wideband signal trans-
formation directly in the wavelet domain has been investi-
gated for various basis functions, decomposition depths,
and noise levels, which resulted in the definition of recom-
mendations and principles for selection of the most effi-
cient methods for processing of sounding signals.

Problem statement. To improve the noise robustness
of security alarm systems and improving their reliability of
detection of moving objects, the aim is developing of new
and effective approaches to the study of broadband echo
signals, researching their transformation process directly in
the time-frequency (wavelet) region for various basic func-
tions, decomposition depths and noise levels, it gives op-
portunity to develop recommendations for choosing the
most effective option for processing these signals.

Signal processing of guard systems in the wavelet re-
gion. Since the theory of wavelet transform can effectively
implement broadband processing, based on this it is advis-
able to analyze wideband signals and sensing systems that
form them.

During wavelet transformation emitting signal is served
as broadband, its functional dependency decomposes into
a set of elementary components. Such components are
found through the correlation between the input signals and
some basic functions that differ from the original prototype
by their own bias and scale. Decomposition of the radiated
signal for this basic wavelet function g(x) is defined as fol-
lows [8, 9].

WgS)(@.b) = (5.5 p) =[] 2 {309 *(t-D)/a)elt, (1)

where s(t) — emitting signal; a — time scale; b — time
delay or offset.

According wavelet decomposition of the received signal
can be written

Wgs)@b) = (5, gap) =\a\‘%js'(t)g*((t—b)/a)dt, @)
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where s'(t) — the received signal.

Thus, obtained sets of wavelet functions are new presen-
tation of location of signals in wavelet field. The values
(Wys)(a,b) and (W, s')(a,b) are calculated for each value

scale and bias, which allows considering the wavelet trans-
form as analyzing filter which helps to perform the signal
decomposition into individual components. Obtained com-
ponents at different scales can be operated in place of the
original signal. This presentation allows efficient filtering
of noise in received signal with rejection of «noise» com-
ponent in further and receives results directly in the wave-
let field.

On the basis of obtained mathematical models and algo-
rithms of wavelet transform of broadband signals loca-
tions, appropriate structures of processing and evaluation
of signals directly in wavelet area are proposed in the work
that allows increasing robustness and efficiency of detect-
ing of moving objects by locating security systems.

During using locations of short-term (broadband) pulse
signals by security systems, informative parameter is usu-
ally the time of receipt of the reflected signal relative to
some standard. Discrete sequences of reflected signal s[k ]

come to the system of wavelet filters (WF) proposed struc-
ture of wavelet converter (Figure 1). Each level of transfor-
mation provides decay of input sequence corresponding
pair of WF.
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Fig. 1. The structure of the wavelet-converter (WC)

The sets of wavelet coefficients are formed on the output
of WC d jno which are represented the echo signal in the

time-frequency domain. The above mentioned sets through
the unit of correction displacement (CD), which takes into
account the difference of time offset of wavelet compo-
nents of the echo signal at each level of decomposition,
come to the device of threshold DT, which is made at each
level of threshold the values of wavelet coefficients accord-
ing to a universal criterion [4-6]. The sets of wavelet coef-
ficients come to adder (AD), resulting value of wavelet
components of the echo signal is formed on the output
Vit

J
Vit =Cja+ _Zdj,n )
=1

where j —the level of decomposition (j = 1,2,3,..., J; n
1,2,3,..., 21); cs+1— the low pass coefficient.
The resulting value of wavelet components of the next

echo signal Vy,_ :

J
Vi t=Chu+2d'j, ()
j=1
Later (Figure 2) only plural components V,,_; and V,, _;

are processed, the total value of which exceeds a threshold
of detection A4, , or equal to [10].
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Fig. 2. The structure of the process of computer simulation of
processing of the echo signals to guard systems
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Amplitude values V,,_; are the basis of the formation of
functional dependence F(V,,_;) corresponding compara-
tor (C).Formed normalized signal of rectangular shape
with C comes to the device of difference that generates the
informative value of output-difference, which is the basis
of formation the evaluation of distance to the object's loca-
tion in the time domain D =E — F(V,,_;), where E —ref-
erence value from generated block (E), which submits to
the device of difference. In addition, F(V,,.,) is stored in
memory block (MB).Signal of difference is sent to the de-
vice of integration (IT), where informative value is dis-
played on the indicator of range (1).

The amplitude value of another reflected signal V', re-
ceived by (4), underlies the formation of functional de-
pendence F(Vy,_;). The signal F(V,,.) from the C and

the previous normalized signal generated from MB at the
same time come to the device of difference that generates
the informative value of output-difference S regarding the
availability motion of the object of observation:
S=F(V'yt)-FMVurt).

Difference signal is sent to IT; from there the informa-
tive value is displayed on the moving indicator I.

Obtained informative values of D and S are the basis
the formation of the corresponding alarm system.

In some papers [5-8] it provides a better representation
with respect to traditional methods of processing, evalua-
tion by the relevant security systems the presence of mov-
ing objects in a controlled zone of sensing space in a priori
unknown form of the reflected signal, and the type of noise.
It should be noted that the accuracy of the offset of wavelet
components of the reflected signal relative to the wavelet
components of radiation (reference) signal will depend on
the choice of the depth of decomposition of the researched
signal and the type of basic wavelet functions that used in
the time-frequency (wavelet) transformation.

In the work appropriate studies depending on the accu-
racy characteristics of the usage of wavelet basis functions
and the number of decomposition levels (6 to 8) were con-
ducted. At the same time the impact on the accuracy of sig-
nal transformation of location changes in the duration of
the leading edge of the received signal (15%, 30% and 50%
of the pulse duration) was estimated.
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Fig. 3. Dependence of consolidated errors of transformation from
using basic functions Haar (HAAR), Daubechies 6-th, 8-th, 10-th
order (Db6, Db8, Db10), at 15 percentages of tightening of the
leading edge of the envelope of the received signal and imposed
on him 15 percentages of noise with Gaussian distribution
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Fig. 4. Dependence of consolidated errors of transformation
from using the Haar basis functions (HAAR), Daubechies 6-
th, 8-th, 10-th order (Db6, Db8, Db10), at 30 percentages of
tightening the leading edge of the envelope of the received
signal and imposed on him 15 percentages of Gaussian dis-
tribution noise
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Fig. 5. Dependence of consolidated errors of transformation
from using the Haar basis functions (HAAR), Daubechies 6-th,
8-th, 10-th order (Db6, Db8, Db10), at 50 percentage of tighten-
ing the leading edge of the envelope of the received signal and

imposed on him 15 percentages of Gaussian distribution noise

Maximum was chosen from the 26 obtained values of
consolidated errors for each of the combinations of study.
The obtained dependences are shown in Fig. 3, 4 and 5.
Studies show that consolidated error of transformation is to
a greater extent affected by the depth of decomposition and
the degree of tightening of the leading edge of the envelope
of the received signal. At the same time, the consolidated
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error of transformation is less dependent on the type and
order of used basis of wavelet functions.

MATLAB R2009a software package was used for mod-
eling the procedure of processing of broadband reference
and reflected signals of wavelet transformation.

Conclusion. To improve the noise robustness of se-

curity alarm systems and their reliability of detection

of moving objects, the process of transformation di-
rectly into time-frequency (wavelet) region for various
basic functions and levels of decomposition depths of
noise was investigated, new approaches to the study of
broadband echo signals and recommendations for
choosing the most effective option for processing these
signals were developed.
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Amnoranis: CtaTTs npUCBsYeHa po3po0JICHHIO HOBUX e()eKTUBHUX IiAXO/IB II0JI0 OTPAIFOBAHHS BiIOMTHX CUTHAJIIB CHCTEM OXOPOHH
Ut 3a0e3redeHHs HUMH BHCOKOI 3aBaIOCTIHKOCTI Ta TOCTOBIPHOCTI BHUSIBICHHS PyXOMHUX 00’€KTiB. JlOCITIIKEHO MpoIec MepeTBo-
PEHHS MIUPOKOCMYTOBHX CHUTHANIIB OXOPOHHHX CHUCTEM 0O€3MOocepelHbO y BEHBIET-001acTi Uil pisHUX 0a3uCHUX (PYyHKUIN, ruOuH
JIEKOMIO3HIII] Ta PiBHIB IyMiB, 10 JO3BOJIMIIO PO3POOUTH peKOMEHAAIII] 71 BUOOpY HaiO1nbII epeKTHUBHOTO BapiaHTy OIPAIIOBAHHS
TaKUX CHT'HANIB.

Knrwwuosi cnosa: wupokocmy2o6utl cueHa, cucmemu 0Xoporu, OA3UcHa eelielem-QyHKyis, etienem-ob1acmp, IuOUHA OeKOMNO-
3uyii.

O0paboTKka CUTHAJIOB CHCTEM OXPaHbI B BeiiBJIeT-00.1acTH
. 5. Tumuk, 0. K. I'py3neBa, M. B. Mapuyk
AnHoTanus: CtaTbs MOCBAIIEHA pa3paboTke HOBBIX 3()(EKTHBHBIX ITOAX0I0B K pa3padoTKe OTPaKeHHBIX CUTHAJIOB CHCTEM OXPaHBI
Ju1st 06ecTIeueH st MU BBICOKO# MOMEX0YCTOHYHBOCTHU M JOCTOBEPHOCTH OOHAPYKEHHMS IBIKYIINXCS 00bekToB. HccnenoBan nporiece
npeoOpa3oBaHusl MIMPOKOIIOIOCHBIX CUTHAJIOB OXPAHHBIX CHCTEM HEIOCPEICTBEHHO B BEiBJIET-001aCTH /Ul pa3inyYHbIX Oa3MCHBIX
(GyHKUMA, TTyOHH IEKOMITO3UIMU M YPOBHEH IIIyMOB, YTO MO3BOJIMIIO Pa3paboTaTh peKOMEHIaluK AJs BeIOopa Hanbosee G GeKTHB-
HOTO BapuaHTa 00PabOTKM TaKMX CHUTHAJIOB.

Kniouesvle cnosa: wiupoxononocHvlii CueHan, cucmemsl oXpanbl, 6asuchas eetienem-Qynkyus, eetieiem-o6aacme, 21youna 0eKom-
nO3UYUU.
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