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USING OF SIGNALS WITH RECTANGULAR ENVELOPE OF SPECTRUM WITH A
MINIMUM PEAK-FACTOR FOR INFORMATION SECURITY

Abstract - The article investigates the possibility of signal using with rectangular envelope of spectrum and
minimum peak-factor for the problems of information transmitting with protection from unauthorized interference. The
authors studied changes of signals’ peak-factor during changes of the initial phases of the harmonic components in the
spectrum. Presence of local minima of the peak-factors in the multidimensional dependence from the initial phases was
shown in the article. Each set of initial phases may act as a key for confidential information transmitting.
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3ACTOCYBAHHSA CUTHAJIIB 3 ITIPAMOKYTHOIO OBBIJIHOIO CITEKTPA 3 MIHIMAJIbHUM IIK-
®AKTOPOM JIJI5I BAXHUCTY IHOOPMAIIIT

Cmammsi npucesiueHa 00CAIOHCEHHI MOMCAUBOCMI 3ACMOCY8AHHS CU2HANI8 3 NPSMOKYMHOK 0068I0HO cnekmpa ma
MIHIMaAbHUM NiK-pakmopom 045 3aday nepedaui iHpopmayii i3 3axucmom 8i0 HecaHKYioHO8AHO20 8MpyYaHHs. PozesstHymo 3miHu nik-
¢akmopy cueHasie npu 3MiHI nouamkosux a3 2apMoHiliHUX ckaadogux y cnekmpi. [lokasaHo HAsIBHICMb A0KAALHUX MIHIMyMI8 nik-
¢axkmopie y 6azamosumipHill 3a1excHocmi 8id nouamkosux ¢as. KoxcHa i3 MHOXCUH noyamkogux ¢pasz moxce gucmynamu siK K04 0451
nepedaui 3akpumoti iHpopmayii.

Knarwouosi cnoea: 2apmoHitiuli cueHa, nik-gpakmop, 3axucm ingpopmayii, nouamkosa gasa.

Problem of information transmitting with protection from unauthorized access is important in various fields
of science. It is important to transmit confidential information and information for official use in the way to make it
not available for public viewing. Problems of secret information transmitting are in military affairs, state
government, banking and so on. Using of different methods ensures information transmission secretly. Typically
professionals use different codes with keys that are known only to subscribers. Code is a set of ciphering algorithms
that reflects the plaintext as cipher text and performs the inverse transformation. Cipher key is a secret parameter
[1]. There are known various cipher systems, but key is general for all of them. As a key you can use different
numeric codes or text. To ensure secrecy of message passing, it is necessary to search new cipher methods and new
ways of key formation. Research of signals with a rectangular envelope of spectrum and minimum peak-factor
allows us to offer such signals and set of peak-factors for the transmission of messages with information closing
from unauthorized access [2]. The aim of this work is to find new ways of information transmitting using signals
with a rectangular envelope of spectrum.

The work [2] shows a method of signal forming the with rectangular envelop of spectrum and minimum
peak-factor. The signal is the sum of the harmonic components with the initial phases:
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where N — number of harmonic components;
@, — the initial phases of the harmonic components.
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Figure 1 Dependence of the peak-factor from changes of the initial phases of the sum of harmonic components
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It has been shown that there are four sets of initial phases of the harmonic components that cause the
smallest value of the peak-factor. However, searching a graph of peak-factor changes from the changes of initial
phases shown in figure 1 we can see that there are eight clearly separated local minima.

The table shows the initial phases and the values of the peak-factor of all local minima of the signal
consisting of three harmonics.

Table 1
Minima of peak-factors of the signal s(t) which consists of three harmonics
O 123,5° 236,5°
) 16 1,977 1,617
P 164° 1,617 1,977
196 1,977 1,617
344° 1,617 1,977

Increasing of the number of harmonics in the spectrum N leads to the growth of local minima. Moreover,
the line connecting the minimum points has oscillating nature, that is non-monotonic. All of the features of the
proposed signal can be used as a secret code. We can superimpose the message to the phase characteristic of the
signal with a rectangular envelope of spectrum. However it is reasonable to use the set of initial phases of signals
with minimum peak-factor. In this case, energy properties of the signal improve, thus we achieve the reliability of
information transfer.

An interesting question: how many sets of the initial phases cause to minimum peak-factor, which can be
used as a secret code? Studies have shown that for an arbitrary number of harmonics there are only four sets of
initial phases that cause minimum value of the peak-factor. However, there is a set of initial phases with local
minima, which slightly differ from the absolute minimum. It can be seen from table 1. The absolute minimum is
1,617, while local minimum is 1.977. Increasing of the number of harmonics leads to an increase of the number of
local minima. Their number can be calculated by the expression:

K =2". )

Thus, the combinations are rising at a power dependence. But some of the sets of initial phases differ only

by shift on 90° or 180°. Such combinations of examination should be deleted. The number of sets that can be used
should be reduced to four:

N
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If we use signal with rectangular envelope of spectrum consisting of 10 harmonics there will be 256
combinations of initial phases that cause local minima of peak-factors. They can be used as a secret code. Then we
can offer a way to use the proposed signal for encryption and transmission of information with protection from
unauthorized access. Applying only cipher of simple substitution the unknown method could close the mere
transmission of information. And by applying more sophisticated codes closure will be even better.

Another advantage of the proposed method of encryption and transmission of information is that the
proposed signals have noise-like form. They are the deterministic noise. The signals for two sets of the initial
phases and the same number of harmonics are shown in Fig. 2.
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Figure 2. Signal S(t) with a minimum of peak-factor with values of initial sets of

phases: @) @, = 62°, 0, =120°, ,, =348, 0.5 =289 0) ¢, =298, ¢, =240", ¢, =12°, 0,5 =71’
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Increased resistance to disclosure cipher can be achieved by the dynamic change of the number of
harmonics. This Information can be sent with the basic information. Then the resulting signal will be more similar to
the noise.
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Conclusion
The authors of the article considered the possibility of signal using with rectangular envelope of spectrum
and minimum peak-factor. It is shown that the number of local minima while growing the number of harmonics
increases by power dependence. Using the set of initial phases as a secret code and using known encryption
techniques we can increase of secrecy of information transfer and resistance to disclosure. The fact that such signals
are like a noise can conceal the fact of information transferring.
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BiHHUIBKHI CONMIaBHO-eKOHOMIYHHIHN IHCTHTYT Y HIBEpCHTETY «YKpaiHay

MOAEJIOBAHHA CYMIINEHOI'O 3 CAMOHABYAHHAM METOAY
KJIACTEPHU3AIIIL ®PATMEHTIB 306PAKEHbD 3A IX CTPYKTYPHO-
TOIIOJIOTTYHHUMH O3HAKAMMU

3anponoHogaHull cymiujeHull 3 cAMOHABYAHHAM Memod Kadacmepusayii gppaemenmis 306pasceHs. [as1 nodiny
dpazmenmie sukopucmogyrombubcsi ix CmpykmypHO-monoJ02iyHi 03HAKU ma Nnpocmoposo-eKeiea/eHMHICHI HeiHilHi
¢yHkyii. HagedeHi pe3y1iemamu Mo0e1108aHHS 3anponoHo8aHo20 Memody. [lokaszaHo, wjo Memod mMae xopouly 36i)cHicme, €
wWeudkodir4uM i 1e2ko 8i0obpaAIcAEMbCA HA MAMPUYHO-MAMPUHHI Npoyedypu ma 3acobu.

Knawouosi cnosa: kaacmepusayis @pazmenmie 306pajxceHb, adanmueHe CAMOHABYAHHS, NPOCMOPOBO-
ekeiga/ieHMHIcHA HeAiHITIHa PYHKYIs, npOCMOopo8o-iHeapiaHMHa Modenb, MAMPUYHO-MAMpPUYHA npoyedypa
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MODELING COMBINED WITH SELF-LEARNING CLUSTERING METHOD OF IMAGE FRAGMENTS IN
ACCORDANCE WITH THEIR STRUCTURAL AND TOPOLOGICAL FEATURES

Abstract - Purpose - to propose and explore a parallel clustering method of image fragments. For cluster grouping of fragments
used their structural and topological features and spatially equivalence nonlinear functions. Shown simulation results of the proposed
method. It is shown that the method has good convergence is fast and easy displayed on the matrix-matrix procedures and tool.

Keywords: clustering image fragments, adaptive self-learning, spatially equivalence nonlinear function, spatially invariant model,
matrix-matrix procedure

Beryn, anani3 ny0Jikaniii Ta nocTaHoBKa 3aBI1aHb

BaxmBoro cxirazoBoro mpu oOpoOIi Ta po3mi3HaBaHHI IH(PPOBHX 300pa)keHb € BHOIp Ta BHIUICHHS
TEKCTYPHO-TOMOJNOTIYHIX O3HaK. Taki 3amadi akTyanpHI 1 XapaKTepHi Uil 6aratbox raiysel Ta chep, cepen SKux
aHamiz 300pakeHb pPI3HUX MPHUPOTHHUX SBHUII TPU CIIOCTEPESKEHHI 3a HUMH 31 CYIYTHHKIB, KOpPEISIiiHO-
eKCTpeMallbHa KOOpAWHATHA TPHB’S3Ka B CHUCTEMax HaBiraiii, KOMIT'IOTEpHAa iarHOCTHKAa B MEAMIHHI,
posmizHaBaHHs Ta kiacudikaiis o0pa3iB B CHCTeMax CIOCTepeKeHHs, Tomo. Ilix TekcTypow po3yMiloTh
MPOCTOPOBY OpraHi3allilo eJeMEHTIB B MeXax AESKOr0 reoMeTpu4HOro (parmeHTa 300pakeHHs 00’ekTa , sika
00yMOBJIEHa BH3HAYE€HHM CTaTUCTUYHHM pPO3MOIJIOM IHTEHCHBHOCTI enemeHrtiB-mikceniB [1]. B [2] TekcTypy
BU3HAYAIOTh SIK MaTPHILIO TPOCTOPOBHX BJIACTHBOCTEH (parMeHTiB IMAPOBUX 300pakeHb 3 OJHOPIIHUMH
CTaTUCTUYHMMH XapakTePUCTHKaMHU. TomnosnoriuHi ¢GopMu 300pakeHb TEXK € MPOCTOPOBHUM  PO3MOILIOM
IHTEHCHBHOCTI Ta XapaKTepH3YKOThCA iX CTPYKTYPHO-TOIOJIOTIYHUMH O3HaKaMH. BUIUICHHS CTPYKTYpHO-
TOIIOJIOTIYHNAX O3HAK, HAIPUKIAJ, KOHTYpIB, JiHI 3 pI3HUM KyTOM HaxmiIy, pi3HOi TOBIIMHH, IPOCTOPOBO
JMICKPETHUX MIKp0300paXkeHb, MOAIOHNX 10 Pi3HUX reoMeTpudyHuX (iryp, Tomo, Ta iX KiacTepusamis, 0COOINBO
JUTA TIPOIIECiB aBTOMATHYHOTO (0e3 y4WTelss) HaBYaHHS IS MONANBIIOTO iX 3aCTOCYBaHHS IIPH PO3Mi3HABaHHI €
aKTyaJbHUMH 3aBIAaHHSIMH. [CHYIOTP METOAM KiacTepm3amii minmx 300paxeHp [3], anme He iX ()parMeHTiB, TUM
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