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KoppensiuonHsie cBOMCTBa ITyMONOJOOHBIX CHTHAJIOB BO MHOTOM OMPEIEISIOT OCHOBHBIE
nokasarenu kadecTBa mupokononocHoit PHC (TouHocTh, pa3pemaroniyio criocoOHOCTh, TOMEXO-
3alMIIEHHOCTD U Tp.). B paboTre moka3zaHo yBEIMYEHHE YPOBHS B3aUMHBIX MOMEX MPHU JOTOIHU-
TEIBLHON MoIysIuu HaBUTarmoHHBIX MSK u MSK-BOC curHanoB nudpoBoi nHdopmanuenn mpu
KOJJOBOM PAa3/EJICHUHM KaHAJOB B IIMPOKOMNOJOCHOW paguoHaBUralMOHHOW cucteme. Kak cBupe-
TEJIbCTBYIOT PE3yJIbTaThl aHANIN3a, HETATUBHOE BIUSHUE MOYJIALIMH JAHHBIMU HA KOPPEJSLIMOHHBIE

CBOICTBa IIyMONO00HOTO MSK-cUrHaIa B HAMMEHBIICH CTENICHW CKas3bIBAeTCs JJIsi aHCAMOJI U3



[UKJIAYECKUX CABUTOB M-TI0CIIE0BATEILHOCTH, O0IIEeH st BceX KaHaioB. [lokazaHo, 4To yacTud-
HOE YaCTOTHOE Pa3JIe]ICHUEe KaHAJIOB B JIOMYCTUMBIX IPENeIax B CPEIHEBOIHOBOM JIMAIa30HE Me-
Hee 3 dekTuBHO. Ha ypoBEeHb B3aUMHBIX IIOMEX MIPU 3TOM HE BIIMSET CTPYKTypa Koja U popma BH-
JI€0YaCTOTHBIX KOMIIOHEHT CUT'HAJIA.

Knrwueevie cnosa: 3aumnas KOppersyuoHHas QYHKYUs, WymMonoo0oOHbIl CUSHATL, KOO080e
pazoenenue, 83aumMHble NOMEXU, NOMEX0YCMOUYUBOCHIb

Correlation properties of noise-like signals commonly determine base parameters of wideband
navigation system (accuracy, resolution capability, interference immunity). This paper shows mutu-
al interference level increasing in code division multiple access wideband navigation system. As
analisys result shows, the negative impact of additional data modulation on correlation properties of
MSK-signals are expressed in the least when using the ensemble of cyclic shift of a maximum
length sequence, that is common for all channels. It’s also shown, that partial frequency division of
channels within acceptable limits in the middle-wave band has lower efficiency. In this case the
structure of coding sequence and the form of quadrature videoband components has no influence.

Keywords: mutual correlation function, noise-like signal, code division, mutual interference,
interference immunity

B mmpoKonosoCHBIX CHCTEMax C KOAOBBIM Pa3/IeJICHHEM CHTHAJIOB, 3aHUMAIOIIUX OOMIYIO
M0JIOCY 4acToT, B3auMHble omexu (BII) oOpa3yroTcsi B pe3ysibrare HEHACaJIbHONH OPTOrOHAIBHO-
CTH CHTHAJIOB. B IIMPOKOMOIOCHBIX CHCTEMaX C YaCTOTHBIM pasesneHueM curHanoB BIT o0ycmoB-
JICHBI YaCTUYHBIM ITEPEKPHITUEM CIIEKTPOB CUTHAJIOB.

Jlis HanEXHOTO BBIACTICHUS CUTHAJIOB Ha ()OHE COBOKYIHBIX B3aUMHBIX IIOMEX HEOOXOIMMO,
4TOOBI MOJIYJIb HOPMUPOBAHHOM 08yMepHotU 83aumHol koppensayuonnou gyukyuu (JIBKD)
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UMeJl MaJIblii ypOBEHb IIPU JIOOBIX B3aUMHBIX CIIBUTAX I10 3aMa3AbIBAHHUIO U YaCTOTE U JIIOOBIX k # /,

M — oGbem aHcamOIst iceBOCTyYaiiHbIX mocaenoarensuocteii (IICI); S, (¢) u S, (1—7) — xom-

IUIEKCHBIC OTUOAIOIIE k-TO0 ¥ [-rO CHTHAJIOB, T ¥ F' — BPEMEHHOW M YaCTOTHBII CJIBUTY CUTHAJIOB.

Juist ocnabneHust BIUSHUS TIOMEX U3-32 MHOTOJTyYEBOCTH M CHH)KCHUSI PUCKA JIOKHOW KOJIO-
BOW CHHXPOHM3AIMU TPH TOUCKe TpeOoBaHue mayoro ypoBHs JIBK® HeoOXoauMo HOMOIHHTH
TpeOOBAaHUEM MAJIOTO YpPOBHSI OOKOBBIX IICTIECTKOB OB8YMEPHOU ABMOKOPPENAYUOHHOU (DYHKYUU
(JAK®) kax10ro u3 CHrHainos, onpezeisemoii popmymnoii (1) mpu S, (¢) = S,(¢)=S(¢) [1]. Hpu
9TOM COBOKYITHOE TpeOOBaHHME K KOPPEISIMOHHBIM CBOMCTBaM aHCaMOJsi KOIOBBIX IOCIEIOBA-

TEIBHOCTEN BBIpa)KaeTCsl MUHUMAaKCHBIM KpUTEpHEM KauecTBa [1]



Ry =max R, (7,F), ()
B COOTBETCTBUU C KOTOPBIM MakCUMyM ompenensercs 1o Bcem T € [0, Tu], ecnu k # [, u |t| > T, ecnu
k=1n|F|] < Fmax (Fmax — MaKCUMaJIbHOE a0COJIIOTHOE 3HAUEHHE JOIIEPOBCKOr0 YaCTOTHOIO CIBU-
ra). KozmoBsle mocienoBaTenbHOCTH, 00IaJa0Iie MUHUMAIBHBIM 3HAUCHHEM MOKA3aTeNs Rmax VIS

JABK®, sBnstorcs ontumanbHbIMU. Cpeau JBOMYHBIX KOJIOB TaKMMH CBOMCTBaAMHU 00JaJaroT IO-
CIIEI0BATENBEHOCTH Kacamu W paJ| ApyTUX KOJOB, Ul KOTOpIX R ~1/~N [2].

VYposens BII, xapakrepu3yeMblii MakKCUMalbHBIM Rmax U 3PQPEKTHUBHBIM R> 3HAUCHUSMH
JIBK® ancam0Oiisi CHTHAIOB, ONPEAesaeTCs, MPEKIE BCEro, JIMHOW N TICEBIOCTyYalHBIX MOIYJIIH-
PYIOIIUX TOCJIeI0BAaTEILHOCTEH, ucnonb3yembix npu Gopmupoanuu IIIIC [3]. Ctpykrypa kKoma
npu N >> 1 cnabo BIuseT Ha yKa3zaHHbIe TToka3aTenu ypoBHsS BII (oco6eHHO B OMIIEPOBCKOM TO-
Joce 4acTOTHhIX caBuroB). Emé B meHblied crerneHu Ha ypoBeHb BII Bausier BUA MOIyNSIIIUU
ITIC (dhopma ynmna).

B Tabn. 1 npuBeaeHsI pe3yibTaThl pacuéra ¢ ucrnoiab3oBanuem dhopmyn (1), (2) aus curnaaoB

MSK (1), MSK- BOC (1, 1) u MSK- BOC (5, 2.5) ¢ onopHoii wactotoii f, =1.023 MHz. B kade-

CTBE IICEBAOCIyYalHbIX nocieaoBaTenbHocTel npu pacuétax JJAK® u JIBK® ucnonb3oBanuch
kozabl [ onoa nuabl N = 1023. Crnenyst oOumienpuHATHIM 0003HAUYEHUSAM, ISl KOMOMHUPOBAHHOTO
crocoba MOIYJSIIIUU, OCHOBAaHHOTO HA MPHUMEHEHWHU AomnonHutenbHo BOC monpymsiuuu (binary
offset carrier) B COU€TaHUH C TPATUIMOHHBIM BUIOM IIUPOKOIIOIOCHON KOJIOBOM Moaymsitiuu MSK,
ucrnosb3oBana abopesuarypa MSK-BOC(m, n), Tne m W n — UEIbIC YNCTa, ONPEACISIIONTNEe KpaT-
HOCTb YaCTOTHI MEaHPOBOI MOCIETOBATEILHOCTH U TAKTOBOM YaCTOTHI JATHbHOMEPHOTO KOJa He-
KOTOpO#t onopHoii wacrore: m= f,,/ fo., n=f./f,, [4].

Kak BuaHO u3 Tabnuubl, ypoBenb BIl ykazaHHBIX CUTHAJIOB MPUMEPHO OJIMHAKOB U COCTABIIA-

eT okos0 —27 dB u -39 dB no 3HaueHusM Rmax U R> B IOIUIEPOBCKOI monoce +5 kHz.

Tab6muna 1
JIAK® JIBK®
Brn Rumax, dB R», dB Rumax, dB R., dB
MOy JISITUH
0 +5 kHz 0 +5 kHz 0 +5 kHz 0 +5 kHz
MSK (1) -27.1 | =272 | =319 | =319 | -27.3 | -27.2 | -30.2 | -30.1
MSK-BOC(1,1) | -26.5 | -26.5 | -384 | -38.4 | -27.2 | -27.3 | =352 | -353
MSK-BOC(5,2.5) —27.2 | -26.5 | -42.6 | -42.6 | -27.5 | -27.5 | -39.5 | -39.6

B mmpoxononocHsix PHC cpenneBoHOBOTO Hama3oHa MakCHUMalbHOE aOCOTIOTHOE 3Have-

HUE JIOTUIEPOBCKOTO YaCTOTHOTO ¢ABUTA Fmax=0.2 Hz [2]. B cBs3u ¢ a3tuM yposens BII gocrarouno



XapaKTepru30BaTh MAaKCUMAIBHBIM Rmax U 3pdeKkTuBHbIM R> 3HaueHusMU [TAK® u [IBK® ancam-
6151 curHanoB (popmynsl (1), (2) pu k=/).

Koppensmuonnsie coiicta ITIC (Bun I[TAK® u [IBK® ancamb6is curHaioB) BO MHOTOM
OIPEAEIIAIOT OCHOBHBIE MOKa3aTeau KauyecTBa mupokononocHoi PHC (TouHoCTb, pazpemaronlyto
CIIOCOOHOCTh, TOMEXO03AIIUIIEHHOCT U 11p.). IIpu BeIOpaHHOM crocoOe MHUPOKOIIOIOCHOW MOJIY-
nsuuu (MSK) dopma ocHoBHOTO Jenectka [TAK® onpenensercs HCKIIOYUTETHHO TAKTOBOW YacToO-
TOU fr, @ YPOBEHb OOKOBBIX JIETIECTKOB MOAYJsi HopMmupoBaHHOi [TAK® B oTcyTcTBHE NOMOTHU-
TEJIbHOW ITU(PPOBON MOIYJSIMU paBeH 1/N (Ipu MCTONb30BaHUM M-TIOCIEI0BATENBHOCTEH U ApY-
T'HX ONTHMAJIBHBIX KOJIOB).

O1eHUM BJIMSIHUE MOIYJISIIUM TAHHBIMU Ha KOPpENALMOHHBIE CBOMCTBA MSK CUTHAJOB, UC-
MOJIE3Ys HOPMUPOBAHHYIO B3aUMHYIO KOPPEISIIIHOHHYI0 (QYHKITHIO (1).

Ha puc. 1 npencrasnens! rpadpuku moxayns HopMmupoBaHHOM [TAK® konmoBbIX mocienoBa-
TenpHOCTeH (M-nocnenoBatenbHOCTH IIUHBI N = 16383) muist ciyvast D2 = D1 (puc.la) u D2 =— D1

(puc.16), paccuntannbie 1o Gpopmynam [2]

R(mT)=R,(m), R,(m)=DR,(m)+D;R,,(m), (3)
1 N—-1-m 1 N-1
Ral(m):ﬁ 2 aa,., B R, (m):ﬁkgzmakam .
R@x10" R®
Kak BuaHO W3 pUCYH-
7 Ka, IIpY MOAYJISILIUU JTaHHBI-
2: MM 3HAYCHHUE MAaKCHMaJIbHO-
2- | ro OOKOBOro  JIemecTKa
‘j N MTAK® R_ =3/+/N =0.024
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T

a 6 R, =-42.1dB,  oanompo-

Puc. 1. Monyns ITAK®: a — nipu coBnagennu HHGOPMAMOHHBIX  [[EHTHBIA KBAaHTHJIb Pacrpe-
CHUMBOJIOB; O — MPU MPOTHBOIOJIOKHBIX CHMBOJIAX nenenus  (MOPOT,  BEPOST-

HOCTb IpeBbILIEHUs KOTOporo Beiopocom BK® pasna 0.01) R, =—-35.6 dB (puc. 3a).
Ha puc. 2 npencraBmensl rtpaduku Moxyis HopmupoBanHou [IBK® M-nocnenosa-

TenpHOCTE cTpyKTypEI [14, 13, 12, 2] u [14, 10, 6, 1] amuusr N = 16383 s cinyuas D2 = Di

(puc.2a) u D2 = — D1 (puc. 20).
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Puc. 3. I'ucrorpammsl 3Hauenuii [IBK®
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T

Kak BugHO M3 pHCYyH-
KOB, ypoBeHb [IBK® mpak-
TUYECKU OAMHAKOB Kak Ipu
paBHBIX, TaK U TPU MIPOTUBO-
MOJIOXKHBIX CHMMBOJIAX D, m

D,: MakcuManbHOE 3Haue-

Hue BKO R =-29.8dB,

s dexTrBHOE

R, =-40.4 dB,

3HA4YCHUC
OHOIIPO-

LICHTHBIA KBAHTUIIb pacmpe-

nenenss R, =-33.6 dB

(puc. 30).

B tabn. 2 npuBeneHsI
pe3yJIbTaThl pacuéTa HOPMH-
poBanHoi [IBK® mrymomno-

no6HbIXx MSK curHanos npu

MOJYJISIIIUH TAHHBIMU ¢ Ucrioib3oBarueM dopmyi (1), (2) mns komos mmmabl N = =16383: 1) nukim-

YECKUe CIBUTH 00IIel M-1ocieoBaTebHOCTH (paccMaTpyBalcsl BapuaHT casura Ha m = 4096 sre-

MEHTOB); 2) o0miass M-nocnenoBaTeabHOCTh C YaCTOTHBIMHU CIBUIaMM, KPATHBIMH 3JIEMEHTY paspe-

MICHUA I10 4aCTOTC (paCCManI/IBaJ'ICSI BapHUaHT CABUT'Aa Ha 40 311€MEHTOB pa3peuIicHud 10 4acCToTe

AF =1/T)); 3) pasHble M-niocaen0BaTeIbHOCTH; 4) HOciaea0BaTenbHoCcT Kacamu.

Ta0numa 2
AHcaM6IIb [IBK® TIBK®
KOJIOBBIX (6e3 Moy SN (c MomynsALHEi)
MOCJIEJ0BATEIILHOCTEN Rmax, dB R>, dB Rmax, dB R>, dB
Lmcmireckite CABMIH | ) he | g428 | 3437 | 43.93
M-niocnenoBaTeIbHOCTH
M-nocnenoBaTeIbHOCTD 42,14 4214 34,66 4211
C 4aCTOTHBIMHA CABUTaMU
M-nocnenoBarenpHocT | —29,81 -40,43 -29,81 -40,43
IT
OCTICHOBATCIPHOCTH | 4y 07 | —42.17 | 3172 | —42.23
Kacamu

Kak CBUACTCIILCTBYIOT PE3YJIbTAThl aHaIM3a, HEraTUBHOC

BIIMAHUEC MOAYJISIIMKW OAaHHBIMM Ha

KOppCILINNOHHBIC CBOMCTBA H_IYMOHOI[O6HOFO MSK curHama B HaMMEHBIIIEH CTEIICHH CKa3hIBAeTCS



JUIs aHCaMOJIsl U3 LIMKJIMYECKUX CABHUIOB OOIIel M-10Ciea0BaTeNbHOCTH (B OTCYTCTBHE MOIYJISLMU
sHaueHue —84.3 dB ompenensier ypoBeHb 60k0BbIX JenecTkoB [IAK®). Hanmenpmuii ypoBens BII
obecrieynBaeT aHcaMOJIb M3 LMKIMYECKUX CABUTOB o0miel M-mocnenoBarenbHocT: —34.4 dB u —

43.9 dB no 3HauenusiM R u R coorBercTBeHHO. Hambonbmmuii yposens BII oOecneunBaeT an-

X

caM01b U3 pasHbIX M-nocnenosarensHocreil: —29.8 dB u —40.4 dB no 3Hauenusm R,

. 1 R coor-
BETCTBEHHO. J[Ba npyrux ancamOns (M-nocnesoBaTeabHOCTH ¢ YaCTOTHBIMU CIBUTaMHM M IIOCJIEI0BA-

TeIBHOCTH Kacamu) IPaKTUYECKN PABHOLIEHHBI 110 MOKa3aTemo R, : okono —42 dB. Oto o0bscHseT-

cs1 TeM, 9To ypoBeHb [IBK® 1nryMmono00HbIX CUTHAIIOB ONPEESIeTCs, TIIaBHBIM 00pa3oM, Koppes-
IIUOHHBIMU CBOMCTBAMHM UCIOJIb3YEMBIX KOJIOB (KOTOpBIE MIPU PaBHOM JuyinHe N Majo OTIMYAIOTCS).

Paboma evinonnena npu noooepacke PODU (npoexm Ne 16-38-00171)
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Correlation properties of noise-like signals commonly determine base parameters of wideband
navigation system (accuracy, resolution capability, interference immunity). This paper shows mutu-
al interference level increasing in code division multiple access wideband navigation system.

Mutual interferences level, characterized by a maximum and effective values of 2-dimension
cross-correlation function of signals ensemble is determined, primarily by length of modulating
pseudorandom sequence, used for noise-like signal generation. Code structure within length N >> 1
poorly influences on these level indicators (especially in the strip of Doppler frequency shifts).
Even less at the level of VP is affected by the noise-like signal modulation (the form of quadrature
videoband components). In the preferred method of broadband modulation (MSK) the shape of the
main lobe of autocorrelation function is determined exclusively by clock frequency ft, and the side-
lobe level of the module of the normalized autocorrelation function without additional data modula-

tion equals 1/N (when using M-sequences and other optimal codes).



The effect of modulation of data on the correlation properties of the MSK signals is evaluated
using normalized mutual correlation function. The results of calculation of normalized cross-
correlation funciton of noise-like MSK signals with modulation data for codes of length N = 16383:
1) cyclic shifts of common maximum length sequence (consider a shift to m = 4096 elements); 2)
common maximum length sequence with frequency shifts, a multiple of the element resolution fre-

quency (consider a shift on 40 elements resolution frequency AF =1/T); 3) different maximum

length sequences; 4) Kasami sequences.

As analisys result shows, the negative impact of additional data modulation on correlation
properties of MSK-signals are expressed in the least when using the ensemble of cyclic shift of a
maximum length sequence, that is common for all channels. It’s also shown, that partial frequency
division of channels within acceptable limits in the middle-wave band has lower efficiency. In this
case the structure of coding sequence and the form of quadrature videoband components has no in-
fluence. Two other ensembles (common maximum length sequence with frequency shifts and Kasami

sequences) almost equivalent to the figure R : about —42 dB. This is because the level of cross-

correlation function of noise signals is determined primarily by the correlation properties of the

codes used (which is equal to the length N differ little).
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