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Paccmampusaemcs 3adaua uccaredosanus sghgexmugnocmu pabomsl a8MOKOPPENAYUOHHO20 NPUEMHU-
ka (AKII) cpedocme paduomexnuueckozco monumopunea (PTM) na peanvnvix cuenanax. Ilenvro pabomut
ABNAEMCS NPOBEOEHUEe IKCNEPUMEHMATBHOU anpobayuu Mamemamuieckol Mooeu an2opumma pacno3HasaHus
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106 6 AKII cpeocme PTM. DOxcnepumenmanvbHas npoepka MamemMamuieckol Mooenu anicopumma
pacnosnasanus muna cuenana 8 AKII nokasana ciedyroujee: MamemamuiecKas Mooeib n0380sem I pex-
MUBHO pacnosnasams mun cuenaia npu omuowernuu cuenanr-uiym (OCILL) 6onee —2 0B, npu paguvix yciou-
ax obpabomxu JIYM-cuenan obnadaem nauborvuiell 8epoSMHOCMbIO NPABUILHOZO PACNO3HABAHUS, UOEH-
muguxayus pearvhvix npocmuix, JIYM- u OKM-cuenanos mpedyem OCI na 0,2...2 0F bomvwe, uem
udeHmuuUKayusi aHAL02UYHBIX UMUMAYUOHHBIX CUCHAN08. Pesynbmamul uccredosanusi moeym Ovimuv uc-
now308amnsl npu paspabomre cpedcmse PTM.
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BBenenune

B cpencrBax paanorexuunyeckoro Mmouutopunra (PTM) s onpeneneHuss NpUHAUIEKHOCTU K
KOHKPETHOMY THILY, SK3EMIUIAPY U PEKUMY pabOThl UcTOUHMKA paauousinyuenus (MPU) B ycnoBusix
OTCYTCTBHSI allpUOPHBIX JAHHBIX O CUIHAJIaX MOYKHO HCIOJIb30BaTh aBTOKOPPEISAUOHHBIN TpUeM-
Huk (AKII) [1-7]. B pabotax [6, 7] pa3spaborannsiii AKII mo3Bossier pacno3HaBaTh THUI CUTHajla
JUId TpUeMa MPOCTHIX, JIMHEHHO-4acTOTHO-MoayinpoBaHHbIX (JIYM) u ¢azokomomaHUyInpo-
BaHHbIX (OKM) curnanos. IIpu ouenke xapakrepuctuk AKII apdexTuBHOCTS pacnio3HaBaHUs TH-
[Ia CUTHAJIOB OIIpEJeNseTcsl KadecTBOM 00pabOTKU peasibHbIX cUrHaioB. [loaTomy uccienoBanue
s dextuBHOCTH paboThl AKII Ha peanbHBIX CUTHAIAX SBJISETCS aKTyaJbHOU 3a1adeil.

Teopernyeckas yacTb

B coctaB npennaraemoro AKII [6, 7] BxoasaT: nonocoBoit ¢puibTp Beicokux yacTtoT (IIOBY) ¢
noJjocoi npomyckanus Af,, ; muHuM 3aaepxkku JI31 u JI32 ¢ iuTebHOCTAMY 3a[€pKKU T, U T,
COOTBETCTBEHHO; YMHOXHTEIb YacTOThbI; MEPEeMHOXKUTENN; QuibTpbl HU3KUX dacTtoT ®HY1 u
®HY2 ¢ ogrHakoBOM 10JIOCOH NpoIyckaHus Af,, ; MOJOCOBbIE (PUIBTPBI HA PA3HOCTHBIX YAaCTOTaX
[®1 u [I®2 ¢ nonocamu mpornyckanus Af ., u Af ., COOTBETCTBEHHO; YCTPOHCTBA MOIyYeHHs

cnekrpa YIIC1 — VIIC4; moporoBeie ycrporictBa [IY1 — [1V4; morudyeckoe ycTpoucTBO (pucCy-
HOK 1).
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Pucynok 1 — CTpykTypHasi cxeMa aBTOKOPPEJISIIIHOHHOT0 NPUEMHHKA
Figure 1 — Block diagram of autocorrelation receiver

[punnun aeiicreust AKII, npeacraBieHHOro Ha pucyHke 1, moapoOHO omucaH B pabote [6].
OH OCHOBaH Ha TOM, YTO IOCIIE MEPEMHOKEHHS TPUHATOTO CHTHAJA M €ro 3aJepKaHHOW KOTHU
BBIJISIISIFOT BBICOKOYACTOTHYIO M HU3KOYACTOTHYIO COCTABIISIOIMINE. 3aTe€M MOJIYJalOT CHEKTPhI ATUX
COCTaBIIIOMUX. TO K€ camoe BHIMOJHSIOT C CUTHAJIOM Ha yABOEGHHOW yactoTe. [|Jis Kakaoro u3
YeThIpeX MOJYYEHHBIX CIEKTPOB (Ha HM3KOYACTOTHBIX M BBICOKOYACTOTHBIX COCTABIISIFOIIUX TTOCIIE
aBTOKOPPEISLIMY CUTHAJIA HA TIPUHATOW U YIBOSHHOW YacTOTAaX) BBITIOJIHSIIOT CPAaBHEHHE C IIOPOTO-
BBIMH 3HaYeHHAMHU. Ha 0OCHOBE pe3ynbTaTOB CpaBHEHUS OIPEEIIITCS TUT CUTHATIA.

Marematuueckas MOJIeb anropuTtMa pacrno3HaBanus tumna curnana B AKII (pucynok 1) mms
npuema npoctsix, JIJUM- u ®KM-curnanos npeacrasieHa B padore [7]. Ota monens u OyaeT pac-
CMOTpPEHA B HACTOSAILEH CTaThE.

3KCHepI/IMeHTaJILHbIe HCCJICI0BaAaHUA

JIist SKCTIEpUMEHTANIbHON anpoOanuy MaTEeMaTUYSCKONW MOJENHM aJIrOpUTMa PACIIO3HABAHUS
TUIAa CUTHAaja MPOBEACH SKCIEPUMEHT C MOMOUIbIO JIaOOpAaTOPHOTO CTEHJA, CTPYKTYypHas cxema
KOTOPOTO MPEJICTABIIEHA HA PUCYHKE 2.

KommnrsroTep ¢

BexTropHsb1it [Hudposoit .
YCTaHOBJICHHOU
T€HEPATOpP CUTHAIOB [ ™ ociutorpad — > .
IIpOorpaMMou
E8267D MSO 5204
MATLAB R2019b

Pucynok 2 — CTpykTypHasi cxema j1abopaTopHoro crenaa ¢popMupoBaHus
U 00padoTKM CUTHAJIOB € Pa3JIMYHONH MOAY AU
Figure 2 — Block diagram of laboratory stand to form
and process signals with various modulation
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DKCIIEpUMEHT 3aKITI0YAJICS B CIIEIYIOIIEM:

a) mpocteie, JIYM- u ®KM-curnanst ¢ Hecymieit yacrotoit 300 MI'n hopmupoBaivich BEKTOP-
HbIM reHepaTopom curHaioB E8267D (uactora 300 MI'11 cooTBETCTBYET MPOMEKYTOUHON 4aCTOTE
peanibHoro AKII);

0) ¢ momomibio mudpoBoro ocumwiorpadga MSO 5204 (¢ 8-OutHbIM aHaIOrO-IUGPOBBIM Tpe-
oOpazoBaTesieM M 4acToTod auckperusauuu 5 [T1h) BeimonHsIach oundpoBKa creHeprupoOBaHHbBIX
CHTHAJIOB M UX 3aITUCh B TIAMSTH;

B) CUTHAJIBI C ocuusuIorpada neperaBaiich B KOMIIBIOTEP Ul ONPEAETICHHs] BEPOSITHOCTH IIpa-
BUJILHOTO paclO3HaBaHMUs MpU NOMOIIM pa3paboTaHHOM MaTemaruyeckoil mozenu [7] B cpexe
MATLAB.

3anucanubie oauHouyHble npocToi (IIM), JIUM- u ®KM-curnanel umenu cienyrolue napa-
METPBI:

— JUIMTENBHOCTh uMnynbsca 7, = 40 MKc;

— oguHakoBble ammuTyasl U =0,1 B u Bpems anamusa 7, =120 Mkc;
— it JIYM-curnana mupuna criektpa Af, =75 MI'n (6a3a curnana pasaa 3000);

— s @KM-curnana 3akoH yepenoBanus a3 no koay bapkepa ¢ 13 auckperamu;
— CpelHsisi  MOIIHOCTb 332  BpeMs  aHajJW3a [pU  €AUHUYHOM  COIPOTUBJICHHUH

P, =U’r, [T, =333 mBr.

Jli1s 0OpaOOTKHU 3alMCAHHBIX CUTHAJIOB C PAa3JIMYHON MOIYJISIMEN 3aaBalkCh CIEIYIOIINUE HC-
XOJHBIC JaHHBIC B MOACIIN aJIlTOpUTMaA:

— JUIMTENBHOCTH 3a1epxkku 7., = 200 ne, 7, =100 He;

— [OJIOCHl  ITPONyCKaHWst (QWIbTPOB pasHelx THUNOB: Af, =500 MI'u, Af, =100 kI'm,
A]Fpa?sl = A]Fpaﬁ =10 MFH’

—3HayeHue oTHoweHus: curHan/mym (OCIL) ycranaBnuBanoch 100aBi€eHUEM K CHUTHANly Ha
Bxojae AKII 6enoro raycCoBCKOTo mryma ¢ M3MEHSIEMOU TUCTIEPCUEH;

— IIOpPOTOBBIE 3HAUEHUS dHepreTuyeckoro ooHapyxenus B AKII paccuntbiBanich no KpUTEpUIo
Heiimana — [Tupcona [7-11] ans BeposTHOCTH IpaBUIbHOTO 0OHapyxeHus P, =0,9 u BeposTHO-

CTH N0%KHOM Tpesoru P, =107,

B pesynerare MoaenupoBaHus Iporecca 0OHApYKEHHUs CHTHAJIOB BEPOSITHOCTH IPABUIIBHOIO
oOHapy)KeHUsI-pacIio3HaBanus P, onpeneinsuiack kak Py, = N, /N, rne N, — 4uCio peanu3aruii ¢

oOHapy)XeHHEM U MpaBUIbHBIM pacliO3HaBaHWEM curHania, N — oOuiee yucio peanu3auuil npu
(UKCHPOBAaHHOM 3HAYEHHUH JUCIEPCUHU IIyMa.

Kpome Toro, ¢ BblllleyKa3aHHBIMU UCXOJHBIMU JJAHHBIMH OCYILECTBISIaCh 00paboTKa UMUTA-
[IUOHHBIX CUTHAJIOB, KOTOPBIE OBLIA HETIOCPEACTBEHHO chopMupoBansl B cpene MATLAB.

Jliia BeIOOpa mopora oOHapy>KEHUsl BBIIIOJIHEHA OLIEHKA BEPOSITHOCTH JIO)KHOM TpEeBOTH (B OT-
CyTCTBHE cUrHaja) no 107 YuCIeHHBIX SKCIIEpUMEHTOB.

Pe3ynbTarsl MoienpoBaHuUs NPECTABIEHBI HA PUCYHKE 3.

W3 pucynka 3 cineayeT, 4yTO NpU paclO3HABAaHUM UMUTAILMOHHBIX M PEAJbHBIX CUTHAJIOB C pa3-
JUYHON MOAysAuuel g GUKCHPOBAHHOIO 3HAYEHHs BEPOSITHOCTU Py, MOXXHO OLICHUTh 3HAYECHUS

OCII npu KOCTHKEHUH 3a1aHHOM BeposATHOCTU P, (Tabmuua 1).

[TonyueHHble pe3ynbTaThl MOACIUPOBAHNUS, IPEACTABICHHbIE HA pUCYHKe 3 U B Tabnuue 1, mo-
Ka3bIBaIOT CIIEAYIOIIEE:

1. Unentudukanus nmuranuonHoro (3anucu) JIUM-curnana tpeOyer obecneuenuss OCIL na
4,8 (5,9) nb Menbuie, yeM uaeHTUUKAUSA HpocToro curHaina, U Ha 1,8 (3,6) nb menbie, yem
unentuduxanuss OKM-curnana.

2. Jlns 3anmucannbix curHanoB mpu OCII 6onee —2 nb obecnieunBaeTcsi rapaHTUPOBAaHHOE pac-
Mo3HaBaHue TUNa curxana (nmpocroro, ¢ JIYM u ®KM).
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3. ns uaenTudukanuu 3anucanaoro npoctoro curnana tpedyercst OCII na 1,3 nb Gombie,
9eM JUIS WICHTU(UKAIMA UMUATAITMOHHOTO TPOCTOTO CUTHAJNA. J[1s MaeHTU(UKAUN 3alTMCAaHHOTO
JIYM-curnana tpebyercs OCII na 0,2 n1b Gospiie, yem sl MACHTH(GUKANNA WMUTAIUOHHOTO
JIYM-curnana. [dns unentudukanuu 3amicanaoro ®KM-curnana tpedyercs OCII na 2 n1b 601b-
e, 4eM i uaeHTudukanun umMuTanuonHoro ®KM-curnana. 3To MOKeT 0OBSICHITHCSI BHECESHU-
€M IIIyMOB KBAaHTOBAHMS CUTHAaJa B ocIuiuiorpade.
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Pucynok 3 — XapakTepuCTHKH PACTIO3HABAHUSI MMUTALMOHHBIX U PeAJIbHBIX CHTHAJIOB
€ Pa3JINYHOH MOIYJISIIAEH B ABTOKOPPEJISIHHOHHOM NPHEMHHKeE
Figure 3 — Recognition characteristics of simulated and real signals
with different modulation in autocorrelation receiver

Ta6auna 1 — OCII, npu koTopom JocTHraercss BepositHocTb P,  =0,9 npu o6Hapy:kenun-

PACNO3HABAHUM HMHTALMOHHBIX H PEATHHBIX CHTHAJIOB Pa3HBIX THIIOB
Table 1 — SNR, at which probability P,; =0,9 is reached when detecting-recognition of simulated

and real signals of different types

OCUI, nb
Tun Moxynsuuu cCUrHaia
MMmuTanoHHbBIN CUTHAI 3amnuce curuana
[Ipocroii curaan -4,5 -3,2
JIUM-curnan -93 -9,1
OKM-curnan -7,5 -5,5

3akjaoueHue

DKcrepuMeHTalIbHas MIPOBEPKa MaTeMaTHUeCKON Mojenu [7] allropuT™Ma paclio3HaBaHMs THIA
curHana B AKII nokaszama, 4to mpu paBHBIX ycioBusix HaoOmiogaeHus JIYM-curnan oGnanaer
HauOOJbIIEH BEPOSATHOCTHIO IPABHJIBHOTO PAaCIO3HABAHMSI MO CpaBHEHHUIO ¢ mpocThiM U OKM-
curHanamu. Kpome toro, pazpaboranHas MareMaTudeckas MOJiellb MOKET A(P(PEKTUBHO pacro3Ha-
Bath curHaiel npu Hu3koM OCII (6onee —2 nb). DTo MO3BOJIIET PEKOMEHI0OBATh pa3pabOTaHHBIN
AKTII [6, 7] nns pacnio3HaBanus curaaioB coBpemeHHbix IPU B cpenctax PTM.

Crnenys meToukaMm, npeuioxkeHHbIM B [12, 13], 6bu10 OKa3aHO, YTO BEPOATHOCTH NMEPEKPHITUS
MMITYJIbCOB BO BPEMEHH B CJIOKHOW CHUTHAJIbHOM cpeie MOXeT ObITh OueHb BbicOKoW. Hampumep,
npu pabore aaxe 20 UMIYIbCHBIX U3JIydaTeleil co CKBaKHOCTbIO curHana 20 BepOsITHOCTh mepe-



50 Becmnux PIPTY. 2022. Ne 80 / Vestnik of RSREU. 2022. No 80

KPBITUSI UMITYJIbCOB BO BpeMeHH yxke nocturaet 27 % [14, 15]. TlepekpbiTus yXyamialoT Ka4yecTBO
o0paboTku. [losTOMy B IaNbHEHIIINE TUTAHBI aBTOPOB BXOJUT COBEPIICHCTBOBAHUE AJITOPUTMA 00-
pabotku curHasioB B AKII B yCIIOBUSX MEPEKPHITHS, a TAKIKE UCCIICIOBAHUE XapaKTEPUCTHK PACIIO-
3HABaHUS CHUTHAJIOB B ATHX YCIOBUSIX.
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We consider the task of studying the efficiency of autocorrelation receiver (ACR) for RF spectrum moni-
toring on real signals. The work aims to conduct experimental testing of the mathematical model of signal
type recognition algorithm (simple, chirp and phase-shift keyed (PSK) signals) in ACR. Comparison of de-
tection characteristics for imitated and real signals in the ACR of RF spectrum monitoring means is carried
out. Experimental verification of the mathematical model for signal type recognition algorithm in the ACR
showed the following: a mathematical model makes it possible to effectively identify the type of signal when
SNR is more than —2 dB; under identical processing conditions, a chirp signal has the highest probability of
correct recognition; identification of real simple, chirp and PSK signals requires SNR of 0.2...2 dB more
than the identification of similar simulated signals. The research results can be used to develop RF spectrum
monitoring means.

Key words: simple signals, chirp signals, PSK signals, signal type recognition, detection characteristics,
autocorrelation receiver, mathematical model, RF spectrum monitoring.

DOI: 10.21667/1995-4565-2022-80-46-52
References

1. Leus G., Van der Veen A. A weighted autocorrelation receiver for transmitted reference ultra wide-
band communications. /[EEE 6th Workshop on Signal Processing Advances in Wireless Communications.
2005, pp. 965-969.

2. Romme J., Witrisal K. Oversampled weighted autocorrelation receivers for transmitted-reference
UWRB systems. [EEE 61st Vehicular Technology Conference. 2005, vol. 2, pp. 1375-1380.

3. Bagga S., Zhang L., Serdijin W. A., Long J. R., Busking E. B. A quantized analog delay for an ir-
UWB quadrature downconversion autocorrelation receiver. [EEE International Conference on Ultra-
Wideband. 2005, pp. 328-332.

4. Dang Q. H., Van der Veen A. A Decorrelating Multiuser Receiver for Transmit-Reference UWB
Systems. [EEE Journal of Selected Topics in Signal Processing. 2007, vol. 1, no. 3, pp. 431-442.

5. Stefan M., Frederik T. Joint ambient noise autocorrelation and receiver function analysis of the Mo-
ho. Geophysical Journal International. 2021, vol. 225, pp. 1920-1934.

6. Likhachev V. P., Veselkov A. A. Nguen T.N. Sposob opredeleniya vidov radiolokatsionnykh
signalov v avtokorrelyatsionnom priyemnike [Method of determining the types of radar signals in an auto-
correlation receiver]. Patent RF, no. 2683791, 2019. (in Russian).

7. Nguyen T. N., Podstrigaev A. S., Leonov 1. E. Matematicheskaja model' algoritma raspoznavanija
tipa moduljacii signala v avtokorreljacionnom priemnike sredstv radiotehnicheskogo monitoring [Mathemat-
ical model of signal modulation type recognizing algorithm in the autocorrelation receiver for radio engi-
neering monitoring means]. Trudy MAI. 2020, no. 113. DOI: 10.34759/trd-2020-113-09. (in Russian).

8. Blum R. S. Necessary conditions for optimum distributed sensor detectors under the Neyman-Pearson
criterion. IEEE Transactions on Information Theory. 1996, vol. 42, no. 3, pp. 990-994.

9. Conte E., De Maio A., Galdi C. Signal detection in compound-Gaussian noise: Neyman-Pearson and
CFAR detectors. IEEE Transactions on Signal Processing. 2000, vol. 48, no. 2, pp. 419-428.



52 Becmnux PIPTY. 2022. Ne 80 / Vestnik of RSREU. 2022. No 80

10. Yan Q., Blum R. S. Distributed signal detection under the Neyman-Pearson criterion. /[EEE Trans-
actions on Information Theory. 2001, vol. 47, no. 4, pp. 1368-1377.

11. Sung Y., Tong L., Poor H. V. Neyman-pearson detection of gauss-Markov signals in noise: closed-
form error exponentand properties. [EEE Transactions on Information Theory. 2006, vol. 52, no. 4,
pp. 1354-1365.

12. Hoang T., Kirichek R., Paramonov A., Koucheryavy A. Influence of intentional electromagnetic
interference on the functioning of the terrestrial segment of flying ubiquitous sensor network. /nformation
Science and Applications (ICISA). 2016, vol. 376, pp. 1249-1259.

13. Podstrigaev A. S., Smolyakov A. V., Davydov V.V., Myazin N. S., Grebenikova N. M., Da-
vydov R. V. New Method for Determining the Probability of Signals Overlapping for the Estimation of the
Stability of the Radio Monitoring Systems in a Complex Signal Environment. Lecture Notes in Computer
Science. 2019, vol. 11660, pp. 525-533.

14. Albaker B. M., Rahim N. A. Signal Acquisition and Parameter Estimation of Radio Frequency
Pulse Radar Using Novel Method. IETE Journal of Research. 2009, vol. 55, no. 3, pp.128-134.

15. Podstrigaev A. S., Smolyakov A. V., Maslov 1. V. Probability of Pulse Overlap as a Quantitative
Indicator of Signal Environment Complexity. Journal of the Russian Universities. Radioelectronics. 2020,
no. 5, pp. 37-45



