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MOJYJIB TpU iX BUIPOOOBYBAHHSAX B TOYIl 3€MHOI MOBEPXHI, IJI AKOi 3HAYCHHS
aACTPOHOMIYHOI IIMPOTH HEBIJOME.
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An important task of preventing terrorist threats is the improvement of navigation
systems and remote monitoring of objects of increased danger [1]. One of the
approaches is to create stands for modeling a number of location systems based on
the principles of propagation of radio waves, as well as acoustic waves in air and
underground environments. In this case, it is necessary to take into account the
features of adaptation of signal reception systems in a changing interference
environment. The main types of such interference for radar navigation systems are
active noise and imitation interference, as well as interfering reflections from objects
of various lengths (from the sea surface, fog, rain, angel echo). In the field of passive
acoustic location systems, an analysis of experimental data from sources of acoustic
radiation, for example, from stealth aircraft, is required. The reception of such signals
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is associated with the features of the long-range propagation of sound waves in the
atmosphere, as well as interference caused by wind, sea waves, and the operation of
environmental mechanisms. To protect objects of particular importance, it is
necessary to improve passive seismic systems for detecting impacts on the ground
and recognizing human steps, tunnels, moving wheeled and tracked vehicles.

The modeling of these systems is carried out using information technologies (IT)
designed to identify measurements, determine the parameters of signal models,
automate data processing, model and evaluate the effectiveness of navigation
systems, classify data based on knowledge and rules for creating reference signals.

Decision support IT was developed for building location systems (Fig. 1), which
has knowledge base and rules for its formation on the characteristics of the objects
under study. Information analysis is carried out using multi-channel measuring
equipment to make a decision about the presence of an object and its belonging to
one of certain classes. IT is a set of software and hardware tools for processing
information represented by formalized knowledge, as well as methods and techniques
for natural and mathematical modeling. The stand is designed to improve signal and
interference models, evaluate the effectiveness of navigation systems, develop
recommendations for adjusting system parameters and decision-making rules.

The databases consist of classified implementations containing signals and
interference, which are ordered by field indices containing: object class, data
acquisition range, data acquisition time, weather conditions (air temperature, wind
speed). Databases are formed from control zone sensors supplied by experts through
telecommunication networks from object registration systems operating in real time.

Due to the lack of real data, the results of experimental studies from the full-scale
simulation stand and the machine for mathematical modeling of radiation objects are
also used. Specialists serving specific full-scale test complexes act as cognitologists.
They fill the databases with classified samples of real situations.

In the module of knowledge assimilation, preliminary processing of databases is
carried out in accordance with the algorithmic support. The core of IT is the
knowledge base, which consists of frames with many attributes for models of
information and interfering processes. Facts are represented by reference signals,
analytical models of signals and interference, which are corrected in accordance with
a set of rules. The inference engine uses the rules for developing standards and
interference models to evaluate the effectiveness of decisions made according to the
rules of inference, analytical calculation and modeling of the developed navigation
systems, then presents the results according to the goal set by the operator using the
user interface.

The goals are conclusions on the applicability of the data provided from the
studied areas for correcting models, justifying the introduction of a new class,
determining losses in noise immunity, and analyzing decision errors. The goal
contains sub-goals: building models of signal and noise classes; choice of model
parameters in the time and spectral domain for separability of signal classes; choice
of decision rules.
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Fig. 1 Information technology decision support

The rules for extracting facts are determined by the task (detection, recognition,
joint detection-recognition, estimation of object state parameters), the physical
principles of location (radio, sound and seismic location), the features of the objects
under study, determined by the choice of a signal model (a signal of a known shape,
with partially known parameters, random signal). The efficiency of decision-making
is checked within the range of changes in the parameters of the signal-interference
environment, characteristic of the problem being solved. The stand for semi-natural
modeling of location systems made it possible to automate the processes of building
models of objects, short-term and stationary interference of various origins based on
correlation functions, spectra, and distribution laws. Their approximations by
analytical expressions are used to create statistical equivalents of signals and noise.
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For the protection of important objects, a hybrid system of sound location and
seismic location was investigated. The use of adaptive correlation algorithms for
processing pulsed and continuous signals in it made it possible to increase the
detection range by more than 1.5 times compared to known systems and to determine
the coordinates of the steps of violators, impacts of mechanisms, the movement of
wheeled and tracked vehicles, unmanned aerial vehicles [2]. The considered approach
provides in a short time the design of systems for navigation and remote monitoring
of high-risk objects.

Keywords: mathematical modeling, acoustic location system, interference

environment, adaptive navigation system.
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OmniifHO-)KUpOBa MPOMHUCIIOBICTh YKpaiHU — II€ MOTYy>KHA Taly3b BUPOOHUIITBA,
gka 00’eaHye BHUPOOHUKIB HACIHHS 1 OJiHHO-KUpoBOI mponykmii. g ramyss
OpiEHTOBaHA Ha BUPOOHUIITBO COHSIITHUKOBOT, COEBOI Ta PIMaKoOBOi OJIii, 1 OB’ A3aHUX
3 Hew mpoaykTiB. OaHuUM 3 eTamiB BUPOOHMIITBA OJii € 1i 30epiraHHs mepen
TPAHCIIOPTYBAHHSM JIO CIIOXKHKBa4diB. TakuMH MICISAMH 30epiraHHs OJIIHO-)KMUPOBOI
MPOAYKIIT € MPOMHUCIIOB] TEXHOJIOTTYH1 KOMIUIEKCH 0AKOBOTO TOCIIOIapCTBA.

ABTOMaTH3AIlisl KOMILIEKCIB OaKOBOTO TOCIMOIAPCTBA € JIOCHTh CKJIQJHUM Ta
BHUCOKOTEXHOJIOTIYHUM mporiecoM. OCHOBHMMH 3aBJaHHSAMU aBTOMAaTH30BaHOI
CUCTEMH KEpyBaHHS KOMIUICKCOM 30€piraHHs € aBTOMaTHYHE JIOTICTUYHE
TPAHCTIOPTYBaHHS MPOAYKTY 1O TOUYOK PO3JHMBY, a TAaKOX IMPU LbOMY Ba)KJIHBa
MIBUIKOMAIS Ta TOYHICTH JO3yBaHHS OJIii, OCKUIBKM IIi TMOKA3HWKH MAIOTh TMPSIMHMA
BIUIMB Ha MPOIYKTUBHICTH KOMIUIEKCY 30€piranHs ojiii B IIJIOMY.

[Tin wac TpaHCHmOpPTYBaHHA OJii JO TOYOK BIABAHTAKEHHS BHUKOPUCTOBYETHCS
JUHAMIYHAa MapIIpyTH3allisi MDK TEXHOJOTIYHUMH eJleMeHTaMu. ToMy HeoOXiTHO
pealii3yBaTu CUCTEMY MOILIYKY TEXHOJOTIYHMX MApIIPYTIB Ta NepeadadynTu (PyHKIIO
BCTAHOBJICHHS IMapaMeTpiB JIWHAMIYHMX JIOTICTUYHUX mporeciB. Jlo Takux

Cexuia 1. KOMIT'FOTEPHO-IHTET'POBAHI TEXHOJIOI'I] TA CUCTEMH 39
HABITALJIl I KEPYBAHHA



