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AHHOTanusi. MeToIOM CTaTHCTUYECKOr0 MOJAEIHPOBAHUS MPOU3BEACHA OlLlEHKa I10-
TEHIIMAILHON TOYHOCTH aJlTOPUTMA KIIACCH(PHUKAIIMK PAJANOCUTHAIIOB 110 THITY MOIYIISIIUY.
ITokazaHo, YTO IOMEXOYCTOMYNBOCTD MPENTIOKEHHOIO aJITOPUTMA IO3BOJISAET OCYIIECTBIISATh
YBEpPEHHOE pa3ielicHue aMILTUTYAHOH U ()a30BOM MOIYISIIUY NIPU MPEBBINICHUN [TyMa HaJ|
curHaioM 1o 10 ab; npuuem curnansl ¢ Gpa3oBoil MOmYISIIUEH pacliO3HAIOTCS TOYHEE.

KiroueBble c10Ba: y3KOIOJIOCHBIH CUTHAJ, YUCIIEHHOE MOAEIUPOBAHUE, IOTCHIUAIb-
Hasi IOMEXOYCTOWUYNBOCTh, HHTEIPAJIbHBIN KPUTEPUH, aJITOPUTM PACIIO3HABAHUS.

Panuorexnudeckue CUTHANIBI, UCIONB3yEMbIe JIJIs Tepenadl nHGOPMAIIUU Yepe3 MPOCTPAHCTBO,
OOBIYHO MOJICNUPYIOTCS (PMHUTHBIMH (YHKIUSMHU BpPEMEHHU X(f), CIIEKTpalibHas TIOTHOCTH (CIIEKTP)
KOTOPBIX S%(oa) = F{x(t)} KOHIIEHTPHUPYETCsI B HEOOMBIIOH OKPECTHOCTU LIEHTPATBHON YaCTOTHl ®, . ITO
00yCJIOBIIEHO HEPaBHOMEPHOCTBIO YaCTOTHBIX XapaKTEPUCTUK M3TYUEHHS! aHTCHHBIX CUCTEM M OTpa-
KaTeJbHON CITOCOOHOCTH TieNei B pamuonokanuu. CUTHaNbI, CIIEKTP KOTOPBIX YOBIETBOPSIET YCIOBUIO
Aw <<, r1e o, — HeCyIas 4acTora, a A@ — IIMPUHA CIIEKTPa, HAa3bIBAIOT «y3KOMOIOCHBIMUY. B Te-
OpETHYECKOM paJHOTeXHUKE IIUPOKO MCIOIB3yeTCs MaTeMaThyeckas MoJelb TaKUX CUTHaJoB [3],
npeanoxennas /. [aGopom

x(t) = A(t) cos[myt + O(1)], (1)

rae A(t) 1 ©(t) — MeneHHbIE B CPAaBHEHUH C ¢ (QYHKIMU BpeMeHHU (aMILIMTyAa U da3a).

[Tpu npueme u neMOIYISIMH OAOOHBIX CUTHAJIOB HEOOXOAMMA MpeBapuTeIbHAs OLICHKA THIIA
MOAYJISIIHK, KOTOpPask MOXKET OBITh MPOW3BENEHAa BO BPEMEHHOW 00JIaCTH HAa OCHOBE MHTETPabHOTO
KpPUTEpHS Y3KOMIOJIOCHOCTH, MPEMIOKEHHOTo B padore [4]. B cOOTBETCTBUU € 3THM KpUTEPHEM BH]I
MOIYJIALIMY paJuocurHaia — aMmntyaHas (AM) unm yrioast (OM, UM) onieHmBaeTcs Mo BKIaIy B
JIEBYIO 4aCTb HEpaBEHCTBA
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+AdG)
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<< 0,4, 2)

JJI 4€ro HCO6XOJII/IMO BBIYHCJIIUTE U CPAaBHUTL COOTBCTCTBYIOIIWMEC HOPMEIL. Ecan ocHOBHOI BKJIaJd B
pacIiiMpeHne CreKTpa OCyLIeCTBISIET HOpMa MTPOM3BOIHON OrubaroIei
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1o curHai (1) ciexyer cuuTarh aMIUIMTYIHO-MOIYJIMPOBAaHHBIM. ECii e pacimpeHue criekrpa B oc-
HOBHOM 00s13aHO BTOPOI HOpME
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TO MBI IMEEM JIEJIO C yIiioBoi Momyisiiinelt curnana. Koukperusrit ee Bua (UM unn OM) MoxHO ycTa-
HOBHTH TOJIbKO HA OCHOBAaHHMH allpHOpHON HH(OpMAIMH O THUIIE MOAYIATOPA Ha TEepeNaroiieil CTOpoHe.
CooTBeTCTBYOIIME HOPMBI B COOTHOIIEHUSIX (3) U (4) MOMKHBI OBITH BEIYUCIICHBI BO BPEMEHHOH 001a-
CTH 110 MoJieNiu curHaja (1) Ha ocCHOBe onpezaeacHul orudaroieii u (has3bl ¢ UCIOIb30BaHUEM ITPeodpa-
3oBanwmii [mibbepra [2].

CrpyKTypa alropuTMa MpuBejicHa Ha pUCYHKE | ¥ COAEPIKUT ABa KBAapaTypPHBIX KaHalla H OJIOKH
BBITIOJTHEH U OT/IETBHBIX OTepani.
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Puc. 1. CprKTypa aJIroOpUuTMa paciio3HaBaHUA BUJa MOAYJIALNU 10 UHTETpaJIbHOMY KPUTEPHUIO

[epemuoxwurens u GuinbTp HU3KkHX Yactor (PHY) mpeacTaistor coboil KOppensTop pa3sHOCTHOM
qacToThl [1], hopMupyromue KBaaparypHble KOMIIOHEHTH X U Y JiIsl BRIYUCIIeHHs orubaroieit A(f) u
¢dazel O(¢) y3koronocHoro curaana. Cxema cpaBHenus (CC) ocylecTBISCT KOMIIAPHPOBaHUE HOPM
| dA/dt| n | Ad®/di|.

MeTo/10M YHCIIEHHOTO MOJIETUPOBaHNUsI B paboTe MpoBeIeHa OlleHKa MMOTEHIINAIbHON MToMeXoyc-
TOWYHMBOCTH aJrOPUTMA PACIIO3HABAHUS BU/1a MOAY/ISIIMH Y3KOIIOMIOCHBIX PaJJOCHTHAIIOB ITyTEM pacue-
Ta TOYHOCTH €ro padoThl Ha (DOHE ATUTHBHBIX ITOMEX.

J171st OLIEHKH TIOMEXOYCTOMYMBOCTH MCIIONB30BAICH BPEMEHHBIE TIOCIIENOBATEIbHOCTH CHTHAIIOB
C TOHAJILHOM aMIITMTYAHOH X, [k] n dasopoii x,[k] Momynsauumeil Buna

x,[k] = A4,[1+ msin(QkAt)]cos(w,kAt); (5)
x,[k]= A, cos[®,kAt + msin(QkAL)], (6)

e o, =27nf,, f, = 64,0; Q=2nF; F =1,0; At =0,001, m=0,5, 4, =10, k =1,...1024.

K xaxmoil mocieaoBaTeIbHOCTH ObLIM J00aBJICHBI OTCUETHI OEI0oro rayccora imyma n(f) ¢ pac-
npenenenrem W (n) = N(0,67). 3aTeM BO BpeMEHHOI 00J1aCTH BBIYUCIISIIMCH HOPMBI H dA/ dtH u H Ad®/dt
10 MozieNisIM CUTHaJIOB (5) 1 (6) ¥ MPOU3BOAMIOCH UX CpaBHEHHE. METOIOM CTaTUCTUYECKOTO MOJEH-
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pOBaHUS OMpeAeisiach BEPOSTHOCTh MPAaBUIBHBIX PEIIEHUI MPU Pa3TUYHOM YpOBHE aJIUTHUBHOTO
uryma o,. PesynbraTsl MonenupoBaHus ModydeHbl ycpeaHenueM 1no 200 3HaueHUsIM U IPeNCTaBIICHbL
Ha PUCYHKE 2, TJI€ IPUBENEHBI BEPOATHOCTH IIPABUIILHOIO pacnosHaBanus P, (s AM-curnana) u P,
(mms ®M-curHana).
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Puc. 2. 3aBucuMocTh BEpPOATHOCTEN MPABWILHOTO Paclio3HaBaHusA Bua Monysauuu P, (AM) u P, (PM)
B curHanax (5) u (6) OT OTHOIIEHHS CHTHAJI/TITYM

Crnenyer oTMETHTb, YTO DHEpreTHyYeckue crekTpsl nocienosarensuocteit (10) u (11) gocraTtou-
HO OJIM3KH, OIHAKO YYBCTBUTEIBHOCTh HJICHTU(DHUKAIIMY K aJUINTUBHOMY IIyMy y HUX pa3nuuHa. Kak
CIIeyeT U3 PUCYHKa 2, MpejiaraeMblii aJropuT™M ¢ OONbIIeH BEPOSTHOCTHIO OMPEAEIsIeT CUTHANBI C
(ha30Boil MOAYJISILINEH, B TO BPEMsI KaK JUIsl IPABIIIbHOMN HICH TH(QHUKAIINN aMITTUTYTHON MOTYISIHY (TIPU
P, >0,8) TpeOyercst oTHOIICHUE curHaia K mymy Ha 10 nb Bblmre, yem ajist pa3oBoii.
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Abstract. Transmission of information through space in radiotechnics is achieved using signals
modeled by finite functions of the form x(¢) = A(¢)cos[w ¢ + O(¢)], where A(¢) and O(¢) (amplitude and
phase) are time functions slow comparatively to «¢. Preliminary estimate of modulation type of such
signals can be performed in time domain based on an integral narrowbandness criterion, according to
which the radiosignal modulation type (amplitude (AM) or angular (PM, FM)) is estimated by their input
in the left-hand side of the inequality:

The norms corresponding to modulation types included in the inequality are computed in time domain
from the signal model x(¢) based on evaluations of the envelope A(¢) phase ®(¢) using hilbert transform.
The article presents the structure of an algorithm implementing computation and comparison of the
norms |[dA/dt| and |4d®/di|.

Statistical modelling is used to estimate the potential noise resistance of the modulation type detection
algorithm through calculation of its accuracy in presence of additive noise. Test samples included AM
and FM radiosignals with low modulation index (m = 0.5) with nearly identical energetic spectra. Noise
resistance estimation was performed by calculating the correct decision rate.

It is shown that noise resistance of the proposed algorithm enables definite discrimination of amplitude
and phase modulation for noise levels up to 10 dB above the signal; phase-modulated signals are detected
with greater accuracy.

Key words: narrowband signal, numeric modelling, potential noise resistance, integral criterion,
detection algorithm.
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