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AHHOmMayusi — B poknage uccnegyetca addeKkT «MHoro-
Ny4eBOro YCUNeHUs» B CUCTEME CBSI3W Ha XaoTU4eCKUX paano-
mmnynecax. Ana guanasona 3—10 My addekT MHorony4YeBoro
YCUMNEHUs HayvMHaeTcsa C ANuHbl MMmnynbcoB Gonee 20 Hc.
OueHKM NoKa3bIBaloT BENUYMHY KO3 MULIMEHTA MHOTOMyYEeBOro
ycunenus ot 4 go 13-14 gb B 3aBMCMMOCTM OT YCrOBWUK pac-
npocTpaHeHus. MHoronyyeBoe ycureHue Mno3BONSeT CyLlecT-
BEHHO YNYYLUNTb XapaKTEPUCTUKN XaOTUHECKNX CUCTEM CBSA3N.

|l. OcHOBHas YacTb

AHanuaupysa pacnpocTpaHeHue curHana OT nepe-
Jartyvka K NpUeMHUKY, HETPYAHO 3aMeTUTb, YTO B MHO-
ronyyeBoV cpefe, B NpuHUMNE, yBENNYMBAETCSA Konm4ye-
CTBO 3HEpruu, NocTynawLler Ha BXOA4 NMPUEMHMKA, TaK
KaKk 3Heprus OOCTaBNsAeTCs Ha BXOA4 NPUEMHMKA He
TONbKO MO NPSIMOMY Ny4y, HO U NO APYrMM fy4am (npa.-
ha, ¢ 3agepxkon). MoaTomy MHOrony4eByto cpefy MOXx-
HO paccMaTpuBaTb KakK «CUCTEMY 3epkany, cobupato-
LYl Ha BXoAe NMPUEMHMKA SHEpruio nepegarymnka, Koto-
pasi MHaye bbina 6bl paccesiHa B npocTpaHcTBe. Cneno-
BaTeNbHO, UMEET CMbICH roBOpUTbL 06 ycuneHun curHa-
na B MHOTOJ1ly4eBOW Cpefe M BBECTU KOI(PPULMEHT MHO-
rofly4eBOro ycurneHus curHana Ky, onpegenve ero kak
OMHOWEHUE MOWHOCMU OSIHO20 Cuz2Hana Ha exode
npuemMHuka Py k MowHocmu cuesHana P, docmasnse-
MO20 CaMbIM CUSIbHbLIM JTyHOM:

KM = P|\/|/P1.

Takoe onpepgeneHue nmeeT CMbICN U B KaHane 6e3
NpsIMOro fyya, Tak Kak B 3TOM Criy4ae NpUeMHUK obbly-
HO HacTpamBaloT Ha CaMblil MOLLHBIV MyY U3 OOCTYMHBbIX.

Moyemy xe MHOrony4yeBoe pacnpoCTpaHeHWe cyuTa-
eTcst «Heu3BexHblM 3roM»? OTBET KpOeTcsi B TuMe cur-
HanoB. Y3KOMOSOCHbIE CUrHarbl TPaAULMOHHBLIX CUCTEM
CBSI31, NPUXOAALLME B MPUEMHUK C pasHbIX HanpasneHuw,
ABMATCSH KOPPENMPOBaHHbLIMK, U pesynbTaT UX Crioxe-
HUS onpeaensieTcs (CnyyYanHbIM) COOTHOLLEHNEM KX chas.

B nocnegHue pgecatuneTtvs B NpakTyky MaccoBOW pa-
OnocBsA3n BBOOATCHA cBepXLimpokononocHele (CLUM) pa-
AvocurHansl (Hanpumep, CBEpPXKOpPOTKMe umnynbcbl [1],
XaoTu4yeckue curHansl [2]), kotopble obnagaT ocobbiMu
CBOWCTBaMW, B YacCTHOCTM, MarnblM BpPEMEHEM aBTOKOpP-
penauun. Takue curHanbl, NPUXOASA B MPUEMHMK C Pa3HbIX
HanpasneHu, OKasblBalTCA HEKOPPENnMPOBaHHBIMU 1
MOryT CKnagpiBaTbCsi Mo MoLHoCTM. [loatomy B CLUIM
cmcTemax MHOrony4YeBoe YCUIIEHNE MOXET NPOSBIIATLCS.

[ns onncaHust npouecca pacnpocTpaHeHnst curHana
B MHOrOMy4YeBOW cpefe OT nepefaTynka K MpUEMHUKY
BO3bMEM MOAEnNb KaHana B BuAe punbTpa C KOHEYHOMN
UMNynNbCHOM xapaktepuctukon H(t). B naHHoM poknage
ucnone3oBaHbl CLUM mogenu, npeanoxeHHble Komute-
TOoM Mo ctaHgapTtusauum |IEEE 802.15.4a [3].

Mpun oueHke kO3 PULMEHTAa MHOrONYy4YEBOro ycune-
Hust CLUM curHana Ky cnegyeTt NpyHATL BO BHMMaHue,
YTO NpefenbHble 3Ha4YeHUst Ko uLmMeHTa MHOronyye-
BOMO YCUIIEHUS MOXHO MOMyYnTb, ECMM NPUEMHKK ByaeT
cobupaTb 3HEpPruio Bcex 3adepaHHblx nyden. OgHako
3TO He BCceraa BO3MOXHO.

B coBpemeHHbIX cucTemax CBs3W uUudpoBas WH-
dopmaums kogmpyeTca paguommnynbcamu. Ecnu anm-

TENbHOCTb PaguMoVMnynbca MHOIO MeHblue AnuTesb-
HOCTM XapakTepucTuku kaHana H(f), To 6onbwas vyacTtb
3HEeprMn 3agepXaHHbIX Nyvyen He nonagaeT Ha WHTep-
Ban BPEeMeHW MMMyfbca, NPULIEALIEero Ha OCHOBHOM
nyye. Ecnu yBenununTtb MHTEpBan BpPeMeEHW, Ha KOTO-
pom cobupaeTcsa aHeprus cumBona, 3TO nNpuBedeT K
NPOMNOPUMOHANbHOMY  YXYALUEHWIO OTHOLUEHUS  CUr-
Han/wym.

Takum obpa3om, Ans KOPOTKMX U OCOBEHHO cBepx-
KOPOTKMX MMMYNbCOB MHOFONy4eBOro YCUINEHNS HeT,
UMM OHO TEXHUYECKN Hepeanu3yemo.

Tabn. 1. Anroputm oLeHkM koadpmumneHTa
MHOFOy4€BOro YCUNeHUst

Table 1. Algorithm of evaluating of multipath gain

XaoTuuyeckum paguocurHan

B: peanusauusa x(t)
Y: cnekTpanbHas NnoTHOCTb MoLHOCTW X(f)

MpsamoyronbHas ornbatowas paaguouMnynLca |
0, t<0, t>T

1, 0<t<T

Y: P(f, T) = 2Tsin(xfT)/(=fT)

PopmMunpoBaHne XaoTM4E€CKOro paguonmMmnysbca
B: x(t)-p(t, T)
Y: X(H ® P(f, T)
MpoxoxaeHne pagMoumMnynbca Yepes KaHan |
B: [ x(f)-p(t, T) ] ® H(t)
Y: [ X(Hh® P, T)]-H
YceueHue pagmonmnynsca \
B: { [ x(t)}p(t, T) ] ® H(1) }-p(t, T)
Y: { [ X(H®P(f, )] H(f}®P(F T)
Bbluncnenue koadpdumumnenta ycunenmnsa Ku
T

B: £y = [ ([x(0): p(e. D]® H(®)} p(1,T) Pl

0

B: p(t,T)=

Ja
4 By = [{X(DH @ P DN P(f.T)df
Ji

T
B: £, = [[x()p(. D) de- (1)
0

/2
4 E = [[Y(H® P TIMf - H (1)
Ji

Kw = En/E4

B npsamoxaotnyeckmx CLUM cuctemax cBA3M UH-
dopmauma nepegaeTca npu nomowy nocnegosaTterib-
HOCTU XaoTWYeCKUX paguomMmnynbcoB [2], KoTopble B
HacTosilLLee BpeMs Hay4Yununcb reHepuposaTb Henocpea-
CTBEHHO B HY)XHOW NOMOCe 4acToT, C 3a4aHHOW LUMpu-
HOW cnekTpa u gaxe c Tpebyemon ormbaroLlen cnekrpa
MoLLHOoCTH [4].

OueHKy BenuuMHbl KoadpduumeHta MHOrofy4eBoro
yCuneHuss B 3aBUCMMOCTU OT ONWUTENbHOCTU pagvounM-
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nynbcoB T MOXHO NMPOBECTU Kak BO BpemeHHow (B), Tak
n B yacTtoTHou (Y1) obnactn (cm. Tabn. 1).

Mpexae Bcero, HYXHO MOMNYYNTb XAOTUYECKUWA CUr-
Han B HYXHOW 4acTu cnekTpa, 3atem cdopmupoBaTb
pagnouMnynbC ANUTENLHOCTLIO T, YMHOXWB CUMrHaN Ha
«MPSAMOYrofbHYO» ornbarLlyio, 1 NponycTuTb ero Yye-
pe3 ABa kaHana: MHOrOMy4eBOW KaHan C XxapakTepucTu-
Koit H(f) u BooBpaxaemblit ofHony4eBoi kaHan H'(f),
nosny4veHHbln M3 H(f) nytem OGHYyNeHUss BCEX OTKIINMKOB
Kpome MakcumansHoro H(tc). PacnnbiBlumincs B MHoro-
ny4YeBOM KaHarne paguoumMnynsc Heobxoammo obpesaTb,
4TObbI NOCYNTATL SHEPIMIO TOMBKO Ha UHTepBaane T.

PesynbTaTbl pacyeToB MakCMMaribHOro Koadduum-
eHTa MHOrony4YeBOro YCUneHus, nony4eHHole B npeaene
T—ow, T.e. p(t, T) = 1 (6ECKOHEYHO AMUHHbIE UMMYMbLCHI,

cobupaeTcsa aHeprus Bcex nyyen) npusedeHsl B Tadn. 2.

Tabn. 2. MHorony4YeBoe ycureHne B pasnmyHbIX
mogensax CLUM kanana crangapta IEEE 802.15.4a

Table 2. Multipath gain in various UWB channel
models of IEEE 802.15.4a standard

MHorony4eBoe ycunexve Kwv, Ab
Mopgenb kaHana LOS* NLOS*™
Kunuwe 5 14
Oduc 4 12
OTKpbITOE Np-BO 5 5
[Mpom3oHa 8 13

* LOS — kaHan ¢ npsiMbIM Ny4oM
** NLOS — kaHan 6e3 npsimoro ny4ya

Mpu ymeHbLUEHUN ANUMTENbHOCTU XaoTUYEeCKUX pa-
ONOMMMYNbCOB MHOFOfy4eBoe YycuneHue Ky nagaer.
[Onsa npumepa Ha puc. 1 ans ogHon m3 mogenen CLUM
KaHanoB npueefeHbl pe3ynbTaTthl pacyeta Ky (Heckonb-
KO peanusauuii 4ns AaHHOro TUna KaHana).
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Puc. 1. 3asucumocms KoaghghuyueHma MHO20/1y4e8020
yecuneHusi Ky om 8rumenbHOCmU Xaomu4yecko20
paduoumnyrnsca T (modenis CM4a Office NLOS).

Fig. 1. Multipath gain Ky as function of duration
of chaotic radio pulse T (model CM4a Office NLOS)

Kak cnenyet mn3 puc. 1, ¢ yBenMyeHMeM AnUTENbHO-
CTM XaoTuyeckoro paguoumnynsca T BenuunHa Ky npu-
6nwkaeTcs K npegeny, npueegeHHomy B Tabn. 2. Haum-
Hasi ¢ T = 80...100 Hc, BennunHa Ky NpakTU4eckn paBHa
MaKcUMarnbHOWM AN AaHHOrO kaHana.

Mpn yMeHbLUEHNM ONUTENBHOCTM XaoTUYECKOro pa-
auommnynbca Huke T = 40...60 HC BenuumMHa Ky pesko
nagaeT, YTo roBOPUT O TOM, YTO Bce Gonbluas aons Ao-
NOMHUTENBHON 3SHEpPruM He nonagaeT Ha BpPEMEHHON
uHTepBan T OCHOBHOrO curHana (nagaeT Ha 3allUTHbIN
uHTepBan) u Tepsietcs. [na gaHHoro Tuna CLUM kaHa-
NOB MHOrony4yeBoe ycurieHve Habnwopgaetcs npu Anu-
TenbHoCTAX MMnynbcoB oT 10—20 Hce.
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N
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Il. 3aknroyeHue

MHoronyyeBoe ycuneHue gaet Bbinrpbill 5-14 gb B
3HEepreTnyeckon aPEKTUBHOCTU CUCTEMbI CBSI3W B 3a-
BUCUMOCTM OT MHOTOSTy4eBOW cpefbl, YTO PaBHOCUIBHO
yBENNYEHUIO JANBHOCTU AEUACTBUS CUCTEMBI CBS3W B 2—
6 pa3 npy HEM3MEHHOW MOLLIHOCTM nepepaTymka.

PaboTa BbINOMHEHa MpU YacTUYHOW (HUHAHCOBOM
nopaepxke rpaHtoB POOU Ne 09-02-00983-a, Ne 09-07-
92651-MHA_a.
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Abstract — The effect of multipath amplification in the
communication system with chaotic radio pulses has been in-
vestigated. For 3—10 GHz range the effect develops from the
pulse length 20 nsec. The estimates show multipath gain from 4
to 13-14 dB depending on propagation conditions. Multipath
amplification substantially improves performance of chaotic
communication systems.

I. Main Part

Multipath environment might be treated as a “system of mir-
rors” that delivers extra energy of the transmitter to the receiver
input; otherwise that energy will be wasted. So, the multipath
environment might possibly amplify the receiver signal. We
define Multipath Gain Ky as ratio of signal power delivered by
all paths to signal power of the main path.

In the narrowband system the path signals are correlated,
so the total signal depends on the phase relations, i.e., it is
unpredictable. UWB signals have very small autocorrelation
time, so, the signals on different paths are uncorrelated and
their powers are summed.

Algorithm for evaluation of Multipath Gain is given (Table 1).
Estimates show that for IEEE 802.15.4a UWB channel models
the value of Multipath Gain amounts to 4 - 14 dB, depending on
the environment (Table 2).

These estimates are valid for sufficiently long radio pulses
(e.g., UWB chaotic radio pulses). As the pulse length decreases,
the gain decreases rapidly (Fig.1). The effect of multipath ampli-
fication is observed for chaotic radio pulses longer than approx.
20 nsec. So, it might not be observed in the case of ultrashort
pulses.

Il. Conclusion

In direct chaotic communications, based on chaotic radio
pulses, the effect of multipath amplification promises to in-
crease the distance range in 2—6 times for the same transmitter
power.
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