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[ToMeX0yCTOHYMBOCTh CHCTEM CBSI3M PACCUMTHIBACTCSI MO KJIACCHYECKMM METOJMKaM [UIsl aJJUTHUBHBIX
rayCcCOBBIX MOMEX U TPAIUIMOHHBIX BHJOB JMCKPETHBIX CUTHANOB. J[000€ OTCTyIJIeHHE OT yKa3aHHBIX paMoK
poxnaer mpoOJeMbl, KaK MpaBWIO, HE HMemlMe obuiero pemieHus. [Ipu HerayccoBbIX IOMeXax OLEHKa
ITOMEXOYCTOWIMBOCTH CHCTEMBI CBS3M MOXCET OBITH IIONy4eHAa TOJNBKO IyTEM MAaTeMAaTHYECKOTO MOJCIUPOBAHUS:
AHATMTUYIECKOTO I MMUTAIIMOHHOTO. AHAJMTHYECKAsT MOJICITh CHCTEMBI CBSI3U IPH HETAYCCOBBIX IIOMEXaX CI0KHA U
TpeOyeT OOINBIIOTO BBIYHCIHUTEIBFHOTO pecypca. ITO AelaeT aHaJHTHYIECKOEe MOoJeNupoBaHHe Hed()(HEKTHBHBEIM C
TOYKH 3PCHUS HHTEIUICKTYalbHBIX H MaTePHATIbHBIX 3aTpaT.

NMuTanmmoHHOE MOJCTUPOBAHUE CHCTEMBl IPHEMa CHUTHAIIOB IIPH HETayCCOBBIX AJTUTHBHBIX ITOMEXax
MOXET OBITh TPOBEICHO CYIISCTBCHHO OBICTpEC M C MCHBIIMMHU 3aTpaTaMHd, YTO JENaeT €ro 3HAYUTEIHHO
3¢ eKTHBHEE aHATUTHYECKOTO.

HacTosmell paboTe mpencTaBicHa MMUTALMOHHAs MOJENb OOHApYXWTENs CHUTHala C YacTOTHOH
MaHUMYJSIAeH B AJIMTHBHBIX [IyMaX MPOHM3BOJIBHOTO BHAa. Mogens paboraer B cpeme mpunoxenus MahCAD
2000. Beibop maHHOTO MPHIOKEHHS OOYCIIOBJIEH C OJHON CTOPOHBI JKETaHHEM CJEeNaTh MPOIECC MOJEITHPOBAHUS
LIMPOKOJOCTYIHBIM, a C JPYroil TeM, YTO JaHHOW HPHIOKEHHE MPENOCTaBIsIeT OUYeHb MHOTO BO3MOXKHOCTEH IUist
AMUTAIUH PA3IMYHBIX BHOB CUTHAJIOB U TIOMEX.

Bri6op anroputma obHapykeHUs. OOBIYHBIA CIOCOO IEMOIYIALNUN CHUTHANA C YACTOTHOM MaHUITYISIHCH
COCTOMT B IOJAa4€ €r0 Ha JBa PasIW4YHBIX (WIBTpa C TMOCICAYIOIIUM CPaBHCHHEM WX BBIXOIHBIX CHUTHAIIOB C
MIPUHATHEM pEIICHUS B MONB3Yy omHOro u3 HuX («1» mmu «0»). B Momemu QuibTpanus OCyIIECTBISETCS BBIOOPOM
COOTBETCTBYIOIIMX YacTOTaM MAaHHITYJSIIAN 00NacTe B CHEKTPAIFHOW IUIOTHOCTH CHTHANA, BBIYUCICHHBIM C
MTOMOIIIEI0 OBICTPOrO TpeobpazoBanms Oypee.

Takoif moaxon ymoOGeH TeM, YTO MpoIexypa BBIOOpa YHOMSHYTBIX YacCTOTHBIX OOJacTedl MOXeT OBITh
MpOBeJIeHa KaK yroJIHO, TO €CTh MOKET OBITh CMOJIEIMPOBAH 000! GUIBTD:

h2,, =0 if 0=sw<140

1 if 140<w<160

0 if 160<w
Kak BugHo, koaddurment nepenaun ¢punptpa paBen 0 Ha yactorax Huwke 140 ' u Beime 160 I'u, a Ha
gacrorax oT 140 mo 160 I'm — emuuune. JaHHBIA anrOpuTM MOACIMPYET HACAIBHBIA IOJOCOBON (HIBTD C
MIPSIMOYTOJBHON XapaKTepHCTUKONW. Mozenb (GUIbTpa ¢ XapaKTepUCTUKOM THIIA TayCCOBON KPUBOI NMEET BU:
h2y = |0 if 0<w<140

-
1+ Q150- w)*
0 if 160w
AHaJOrMYHO MOXKHO MojenupoBath (uibTpel bartepBopra, UeOnimuéra, Kayspa npaktudecku mo0oro
nopsiaka (B mpezenax BO3MOKHOCTeH (PHU3NUECKOH peaan3annn).
MonenupoBaHHe CMECH CHUTHAla U HETayCCOBOM IMOMEXH MPOBOAWTCS IyT€M T'€HEPaldd OTCUETOB CHUTHAJIA
(TapMOHHMYECKOTO B MpeeNiax MOCHUIKKM) W OTCYETOB IryMa B Buae ciydaitasix gwcen (MathCAD 2000 umeer Goinee

JECATH BCTPOCHHBIX JATYMKOB CIy4YailHBIX dYHCEN C pa3IUYHBIMH 3aKOHaMH pacmpeaeneHus). Monens
TapMOHHYECKOH MOCBUTKH, HA KOTOPOH B3ATO 256 OTCYETOB C paBHOMEPHBIM IIIyMOM HMEET BUJ:

if 140< w <160

x4 = |sinHoore et Bs nd(g) - 2 if o<t <256
’ ] e[] 2

0 if 256<t

[Ipn wcronp30BaHMM B KadecTBE MOJAENM IOMEXHM JaTYMKa CIyYalHBIX YHCEJ, COCEAHHE OTCYETHI ITymMa
HEKOPPEIMPOBaHbI, TO €CTh HHTEPBaJl KOPPEILIMH [TOMEXH TIOJIydaeTcss MEHbIIEe HHTEpBaa MeXXay oTcuetaMu. Ecin
TpeOyeTcst MOJENb MOMEXH C OOJBIINM HHTEPBAJIOM KOPPENALHUH, TO MOXXHO JHOO YBEIWYUTH HHTEPBAI MEXIY
0TCYETaMH, JTNO0 BBECTH HEKOTOPOE OKHO Ha BBIXOJIE AaTUMKA CIyJalHBIX YHCEII.

Monens pukcupyeT ommOKy oOHApYXKEHUS CHTHANa C YaCTOTHOW MaHUITYNSAIMEH, eCld MpH JEHCTBHU Ha
BXOJie Mojienu nmocbulkd ¢ yactoroi 1000 I'm MOIMHOCTH CWrHaja Ha BbIXOJE (MIBTpA C IEHTPATbHOM YacTOTOMN
nojiockl mpomyckauus 1500 I'n 6yzer Oonbine, uem Ha BeIxoze ¢unbTpa HacTpoeHHoTo Ha 1000 I'm.
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MO,Z[GJ'IB O6Hapy)KI/IT€J'I$I CUrHajia mpu ,I[Cf/iCTBI/II/I IIOMCXHU C paBHOMCPHBIM 3aKOHOM MMECT BU/:

X, = sinEJlOOOEQDnDSLlZE+ md(3) if 0<t<2s6 Ak |0 1T 0<st<256

0 if 256<t

y1:=cfft(x) y2 :=cfft(x2

hi, x:= |0 if 0<w <900
1 if 900< w < 1100

0 if 1100< w

UllW‘ k= ylW, Kk Ehlw, K
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h2,, := |0 if 0<w <1400
1 if 1400< w < 1600
0 if 1600< w
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1 if nk+mk=2

0 otherwise

my = p=
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Ha PUCYHKE TMPUBCACHbBI pPE3YyJIbTaTbl TECTUPOBAHHUA MOACIN O6Hapy)KI/IT€J'IH CHTHAJIOB YaCTOTHOM

Tenerpaduu I

ClIy4ass HCIIOJb30BaHUA (1)I/IJ'ILTpOB

C pa3auyHeIMM monocamMu nponyckanus: 100 T'n

(rpuxmyakTHpHas kpuBast), 200 ' (crutomHas kpusast) u 300 I,
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Pe3yJ'IBTaTLI TOBOPAT 00 AJICKBATHOCTHU MOJCIIN HUCCICAYCMBIM IIpOLECCaM, TaK KaK XOpOIlIOo COBHNAAarOT C

JaHHBIMU U3MepeHuit [1].

HpeZ[CTaBJ'IeHHaH MOACIIb MOXKET OBITh HCIIOJIL30BaHA AT UCCICA0BaHUA CUCTEM PAJUOCBA3U  PA3TIMIHBIX
THIIOB. HaanMep, pu UCCICAOBAHUN O6Hapy)KI/IT€J'IH o ,I[eﬁCTBPIeM MYJIbTUIINIMKATUBHBIX IMMOMEXax (SaMHpaHHﬁ)
MOACIb OTIUYACTCA OT HpPIBeI[CHHOﬁ BBIIIC HAJIMYUCM 3aBUCHUMOCTU OT BPECMCHU KOS(l)(l)HHI/IGHTa nepeaayu KaHala

CBs3H.

Jlutepatypa
1. E.A Xwmensauukuit OnieHKa peaabHOI TOMEeX03alUIeHHOCTH TpueMa curHaioB B KB quanazone. — M.:

Cas3b, 1975.- 232¢.

([T [T




3-a MexxayHapogHasa KoHdepeHuns DSPA-2000

FAULT DETECTOR' MODEL OF A SIGNAL WITH FREQUENCY BY MANIPULATION IN ADDITIVE
NOISE OF AN ANY KIND
Sinitsyn S.I.
The Moscow technical university of communication and computer science
111024, Moscow, Aviamotornaya st. 8a, faculty TEC

The noise stability of systems of communication pays off on classical techniques for additive gaussian of
handicapes and traditional kinds of discrete signals. Any deviation from the specified frameworks gives rise to
problems, as a rule, not having the general decision. At non-gaussian handicapes the estimation of a noise stability of
system of communication can be received only by mathematical modeling: analytical or imitating. The analytical
model of system of communication at non-gaussian handicapes is complex and requires the large computing resource.
It makes analytical modeling inefficient from the point of view of intellectual and material inputs.

The imitating modeling of system of reception of signals at non-gaussian additive handicapes can be carried
out much faster and with smaller expenses, that makes it much more effectively analytical.

In the present work the imitating fault detector' model of a signal with frequency by manipulation in additive
noise of an any kind is submitted. The model works in environment of the appendix MathCAD 2000. The choice of
the given appendix is caused on the one hand by desire to make process of modeling wide-accessible, and with
another of themes, that given the appendix gives very many opportunities for imitation of various kinds of signals and
handicapes.

Choice of algorithm of detection. The usual way of demodulation of a signal with frequency by manipulation
congists in submission him on two various filters with the subsequent comparison of their target signals with
acceptance of the decision for the benefit of one of them (1" or "0"). In model the filtration is carried out by a choice
of the manipulation, appropriate to frequencies, of areas in spectral density of a signal calculated with the help of fast
transformation of Fourie.

Such approach is convenient by that the procedure of a choice of the mentioned frequency areas can be
carried out somehow, that is any filter can be simulated:

h2y k= |0 if 0sw<140
1 if 140<w <160

0 if 160<w
Asitisvisible, factor of transfer of the filter is equal 0 on frequencies below 140 Hz and above 160 Hz, and
on frequencies from 140 up to 160 Hz - to unit. The given agorithm simulates the ideal strip filter with the rectangular
characteristic. The model of the filter with the characteristic such as gaussian by a curve looks like:
h2,, = |0 if 0<w<140

Y i 1405 w<160
1+ Q(150- w)*
0 if 160< w

It is similarly possible to simulate filters of Battervort, Chebyshev, Kauer practically of any order (within the
limits of opportunities of physical realization).

The modeling of a mix of a signa and non-gaussian of a handicap will be carried out by generation of
readout of a signal (a harmonic within the limits of a parcel ) and readout of noise as random numbers (MathCAD
2000 has more than ten built - in random-number generators with the various laws of distribution). Harmonic model of
aparcel, on which 256 readout with uniform noise are taken looks like:

X = [snHoo T P+ md(g) - 2 if o<t <256
U] el] 2

0 if 256<t

At use as model of a handicap of the random-number generator next readout of noise uncorrelated, that is the
interval of correlation of a handicap turns out less interval between readout. If the model of a handicap with the large
interval of correlation isrequired, it is possible or to increase an interval between readout, or to enter some window on
an output of the random-number generator.

The model fixes a mistake of detection of a signal with frequency by manipulation, if at action on an input of
model of a parcel with frequency 1000 Hz the capacity of a signal on an output of the filter with the central frequency
of apasshand 1500 Hz will be more, than on an output of the filter adjusted on 1000 Hz .

The fault detector' model of asigna at action of a handicap with the uniform law looks like:
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t O

x4 = [sinFlooor2 i B+ md(3) if 0st<2ss X% kT |0 I 0<t<256
: 0 5120

snH500r2 - Ds nd(3) if 256<t
0 5120

0 if 256<t
y1 :=cfft(xD) y2 :=cfft(x2
h1, = |0 if 0<w<900 h2,, i := |0 if 0<w <1400
1 if 900< w< 1100 1 if 1400< w < 1600
0 if 1100sw 0 if 1600< w
ully, =yl Ohly, u2l, =y2,, Oy,
u12W’k = ylka quka U22W k= y2W Kk EhZW Kk
2
(Jursy, ) (1 22w d)?
all, .= _ a2
S = = z
w
2
(Ju12y 4]) |u21W W)
al2, = _ a2
) Y= he= Z
w
nk:: 1 if a11k2a12k mk =1 if aszEazlk qk.— 1 if nk+ mk= 2
0 otherwise 0 otherwise 0 otherwise
ZQk _ _ _ _
p.:k_ ZQK—l znk—l ka—l pP=1

figure the results of testing of fault detector' model of signals frequency of telegraphy for a case of use of
filters with various passbands are given: 100 Hz (dash-dotted a curve), 200 Hz (continuous curve) and 300 Hz .
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The results speak about adequacy to model to researched processes, as well coincide with the data of
measurements [1].

The submitted model can be used for research of systems of a radio communication of various types. For
example, at research of fault detector under action multiplicate handicapes (fades) the model differs from
dependence, above mentioned by presence, on time of factor of transfer of the channel of communication.
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