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MIMO-CUCTEMA NEPEIAYH UHO®OPMALIUA MEXIY ABTOMOBW/ISIMA
HA ABTOBAHE C ITIPOITYCKHOU CITIOCOBHOCTBIO, BJIN3KOU K TPEJEJTY INIEHHOHA

IIpennoxeH HOBBII MOAXOJ K IPOSKTHPOBaHHIO camoopranusyomeiics MIMO-cucTeMsl epejaun TaHHBIX B PealbHOM BPEMEHH
MexIy TpancrnoptHeiMu cpenctBamu (VVDT), HaXOISIIMMKCS HA aBTOMArkcTpamu B paguyce 1 kM, ¢ ucnons3oBannem EU DSRC-cranmapra.
Merton noctpoenusi camoopranusytomeiics EU DSRC-VVDT MIMO-cuctemsbl npeaycMaTpUBAET MOJTHOCTBIO aBTOHOMHYIO pabOTy TpaHC-
MIOPTHOTO CPEJICTBA, 000PYIOBAHHOTO JJAHHOH CHCTEMOIA, IIPU TIOJIHOM OTCYTCTBHMH 0a30BBIX CTAaHIMIA, KaK MPaBHUJIO, YIPABISIOMNX CUCTE-
MaMu MOOMIIBHO# cBsi3u. [IpenoxeHHBII METO/] IIPEAOCTABISET BO3MOKHOCTD Ha NPAKTHKE PEATN30BaTh MHOXKECTBEHHBIH OCTYII C MPO-
CTPaHCTBEHHO-KOIOBBIM pactpeneneHnem kananoB (S-CDMA) u mepenady nHbOpMAIu ¢ UCIONB30BAHHEM HIMPOKOMOIOCHBIX XA0THYe-
CKHX TOCJIEZIOBAaTEIbHOCTEH M YHUKATbHBIX OMHAPHBIX NCEBJOCITy4aliHbIX TOCIe0BaTeNbHOCTEl. KpoMe Toro, 3Tn KoJJ0BbIe CHUIHAJBI Hpe-
JIOCTABJISIOT MOTCHIHAIBHYIO BO3MOXKHOCTh MOCTpOeHust camoopranmsymoiieiicss EU DSRC-VVDT MIMO-cucTtems! mepenayn TaHHBIX 0e3
BBIZICJICHHUS] YaCTOTHOTO WJIM BPEMEHHOTO KaHaja JUlsi KaKIOro TPAHCIIOPTHOIO CPE/CTBA U MpHEMa JaHHBIX Ha OecrmonckoBoil ocHoBe. Co-
YeTaHHe MPOCTPAHCTBEHHO-KOIOBOrO paszencHus kanatoB (S-CDMA) u xaorudeckoro xojupoBanus npu peanusaunn CDMA-cranmapra —
xapaktepusie ocodennoctn npemiaraemoit EU DSRC-VVDT MIMO-cuctemsr. KimodeBast uzest meroma cocrout B ToM, utobst B EU DSRC-VVDT
MIMO-cucTemMe yHUKATBHBIH KO IS Ka)KIOTO aBTOMOOHIISI ACCOLMUPOBATH HE C CAMHM aBTOMOOHIIEM, a C €ro TEKYIIUM IOJ0KECHUEM Ha
aBToOane. HoBas npouenypa npemicanns S-CDMA-koza kaxxaoMy aBTOMOOWIIO BHYTpH pabodeil nanesHoctH Aeiicteus EU DSRC-VVDT
MIMO-cuctemsl ienacT BO3MOKHBIM HCIIOJIB30BAHHE CTAHIAPTHOI MPHEMO-TIepeatolieil anmapaTypsl Ha BCEX TPAHCIOPTHBIX CPEACTBAX.
Camooprauuzytommascst MIMO-cuctema mo3BomsieT Ha IPAKTHKE Pea30BaTh (Ui MAKCHMAJIbHO BO3MOXXHOTO KOJIMYECTBA TPAHCIIOPTHBIX

CPECTB) MPOIYCKHYIO CIIOCOOHOCTD KaHala, Oin3Kyro K npezeny LllenHona. V. 3. Bubmuorp.: 13 Hass.
KuaroueBble cjioBa: aBT0OaH, TPAHCIOPTHBIC CPECTBA, MPOCTPAHCTBEHHO-KOIOBOE pasaencuue kananoB, EU DSRC-cranpapr,

XaOTHYECKas  IIOCIIEOBATEIbHOCT,
EU DSRC-VVDT MIMO-cucrema.

YHUKalbHasg  OMHapHas

ABapuu U aBTOKatacTpo(bl Ha aBTroOaHax —
0JlHa U3 HanboJiee Cephe3HbIX COLMAIBHBIX po0IIeM,
CTOSIIIMX Tepe]] MUPOBBIM COOOIIECTBOM CErOJHS,
KaK B TepMHHaX KOJIMYECTBAa CMEPTEH M yBeumnil, Tak
U B TepMHHAX (PMHAHCOBBIX HOTEPH, BBI3BAHHBIX Ka-
tactpoamu [1]. MHOTHE CTpaHBI HE MPEKPALIAIOT
BBIJICIATh (PMHAHCOBBIE CPEJICTBA, HAMPABISIEMbIC HA
UCCJIC/IOBaHUSI N0 MOBBIIICHUIO OE30MAaCHOCTH JIBH-
JKCHUsI Ha aBTOMAarucTpaisix. B HamM IHU yBenu4e-
HHE HACEJICHHUSI M TOBBIIICHHOE KCIOJb30BAHUE BO
BCEM MHpE Pa3HOOOPa3HBIX aBTOMOOMIIEH C COMYTCT-
ByHOIIUM 3TOMY YBCJIWYCHHUEM HUX CKOIIJICHUA Ha
AaBTOMAruCTpayisix TPeOYIOT CO3/aHMsl aBTOMAaTH3H-
POBAaHHBIX CHUCTEM 0€e30MacHOCTH JBUXXCHHUA U AcjIa-
10T pa3pabOTKy CPENCTB MPEAYNPEXICHUS U MPEIOT-
BpalicHusA CTOJIKHOBEHHM Ha OCHOBE padapHbIX H
CBSI3HBIX CHCTEM ellle 00JIee aKTyalbHON M HEOTIIOMKHOM.

Tak, HanpuMep, KpyIHEHIe aBTOMOOHIb-
Heie mpomsBoautenu: BMW, DaimlerChrysler,
Volkswagen, Renault and Fiat ocHoBanu eBpormeii-
CKHUIl KOHCOPIIMYM IO CBSI3H MKy aBTOMOOHIISIMH —
European Car-2-Car Communication Consortium
(C2C CC) [2, 3]. DTOT €BpPONEUCKHI MPOEKT IIOJTY-
g HaszBanume «Certh Ha komecax» (“Network on
Wheels” — NOW) [2, 3]. Ero 1iejp — geTanpHO paspa-
060oTaTh eBPOMNEHCKHWI IPOMBINUICHHBI CTaHIApT
Oyaymel CUCTEMBI CBSI3U MEXKIY aBTOMOOWIISIMH TSI
Bcex ux tumoB. Maes npoekra NOW ocHOBBIBacTCS
Ha wcnoib3oBanuu cranmapra |EEE 802.11, taxke
M3BECTHOTO Kak OecIpOBOAHAS JIOKAIbHAs CeTb, JUIA
aBTOMATH3MPOBAaHHOTO OoOMeHa MHpopManueir mMex-
Jly y4aCTHHKaMH JIOPOXKHOTO JBIKeHMs. Kak TobKo
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JiBa WiaH 0oJiee TPAaHCIIOPTHBIX CPEJCTBA OKA3BIBAIOT-
csl B IpefieNax AANbHOCTH PaJHOCBSA3H, OHA aBTOMa-
THYECKH COEAMHSIOTCS, U MEXIy HUMH yCTaHaBIIH-
BaeTCs CIeIHalbHas JIOKambHas ceTb. OmgHako pabo-
Yasi aJbHOCTh OJHOTO COEAMHEHUsS OecIpOBOJHOM
JokanbHOM cetu orpanuuena 70...100 m.

QDenepanbHas aAMUHHCTpPAIMS 10  aBTO-
Maructpasim (FHWA) CIIA nocrasuia 3amaqy [1]
Ha TIEPCTIEKTHUBY: CHU3UTH YHCIIO aBTOJOPOXKHBIX He-
CUACTHBIX CIy4aeB C JIETAIBHBIM ncxoaoM Ha 50 % B
teuenne Oynymux 10 ser. OnuH U3 MHOrooberao-
MIMX HOAXOAOB K pa3pellieHrI0 MpoOiIeMbl ObUI Jie-
tanpHO paspaboran B CILIIA, a IMEHHO «TEXHOJIOTHA
DSRC» (Dedicated Short-Range Communications —
Crenanu3npoBaHHbIe CHCTEMBl ONMKHEH CBSI3H)
[4], xoropas sBisercs cneuuduyeckoir Monuduka-
et cucrembl RFID (Radio-Frequency  Identifica-
tion — paguoyacToTHON MAEHTU(UKAIHN). Dene-
paipHast komuccuns mo csi3u (Federal Communication
Commission — FCC) CHIA pacnpenenuna CBU-
nmuana3oH ot 5,850 o 5,925 I'T (Tak Ha3pIBaeMBbIi
5,9 I'Tn wactroTrbi auana3on) anst DSRC mprmvene-
Huii [4]. ['maBHOe npenmytiectBo DSRC-cuctems o
cpaBHeHunio ¢ RFID-cuctemoli cOCTOMT B HaMHOTO
Oousbiieit padoueit nanpHoctu: g0 1 000 M mporuB
10 M. CymiecTBYIOT TBep/ble IUIaHbI BHEAPEHHS TEX-
Hosornu DSRC.

OnHUM U3 Cepbe3HBIX HEJOCTATKOB BCEX
M3BECTHBIX METOJIOB ITOCTPOEHUSI CHUCTEM IIepeladn
JAHHBIX MEXTy aBTOMOOWISAMH SBJISIETCSI HEOOXOAH-
MOCTH TEPCOHU(HKAINH (IPUCBOCHUE YHHKAJIBHOTO
KOJla) NpHEMOIepeaaloNieil anmaparypsl KaxK1oro
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TPaHCIIOPTHOTO CPE/ICTBA, YTO HATAJIKUBACTCS KaK Ha
TPYJIHO NPEOJOIMMYI0 TEXHHYECKYIO Mpoliemy re-
Heparuy OOJIBIIOTO YHCJIA OPTOTOHANBHBIX KOJOB,
TaKk U Ha HEOOXOIMMOCTH PEIIEHHs] COOTBETCTBYIO-
IIUX IIPABOBBIX IIPOOIIEM.

ABTOpamul TaHHOU CTaThH OBbLIIA 3aIIaTEHTO-
BaHa HOBas ujes [5] W mpeanokeHa HOBask KOHIEH-
U ¥ METOJ IOCTPOEHUS CaMOOpraHU3YIOIIeHCs
MYJBTHUIDICKCHOH CHCTEMBI CBS3M MEXAY TpaHC-
noptHeiMu  cpeactBamu  (CARs-t0-CARS-cucremsr)
Ha aprobaHe [6-9]. CARs-t0-CARs-cucrema Oblia
pazpaborana ¢ yaetoMm Tpedoanmit USA DSRC-ctan-
napra [4].

B mae 2009 r. odurmansHeiii opran EBpo-
neiickoro corosa — ETSI (European Telecommunica-
tions Standards Institute — EBpormeiickuii HHCTHUTYT
CTaHOApPTOB M0 TEJIEKOMMYHHUKALUSIM) pPa3perini
mepenady naHHBIX Mexnay DSRC-cucremamu u 060-
YMHOW Ha aBTOo0aHAX B [MaNa3oHE paIruo4acToOT
5,725...5,875 I'Ty (monocy wactot B 150 MI'm) [10].

Lenbto paboTh! siBIIIETCS pa3paboTKa HOBOM
KOHIENIUH  TNOCTPOEHHST  CaMOOpraHu3yoleiics
EU DSRC-VVDT MIMO-cuctemsl niepenaun/mpuemMa
HHPOpPMALIMKA MEXAY TPAHCHOPTHBIMH CPEICTBa-
mu (VVDT), HaXOAAIIUMHCS BHYTPH aBTOMAarucTpa-
T B panuyce | KM, COOTBETCTBYIOIIEH TPpeOOBaHISIM
EU DSRC-cranmapTa, U OIICHKAa TMPOITYCKHOH CHO-
coOHOCTH KaHaua, ucroiibzyemoro MIMO-cucteMoi.

Konyenyuss EU DSRC-VWDT MIMO-cucmemwt.
[Mpexnaraemsrit Mmeton nocrpoenust EU DSRC-VVDT
MIMO-cucTeMBl Ja€T BO3MOXKHOCTH yCTaHABJIMBATH
CBSI3b MEXIy TPAHCIIOPTHBIMH CPEICTBAMH C LIENBIO
obecrieueHnss aBTOMATH3MPOBAHHOTO  YIIPABJICHUS
IBIDKCHUSI TPAHCHOPTHBIX CPENICTB HAa ABTOMAaruCT-
paJIiX ¥ COBMECTHOTO HCIIONB30BaHUS 3aTpeOOBaH-
HOW wmHpopmaumu. B cnywyae xpaitneit HeoOxonu-
moctd EU DSRC-VVDT MIMO-cucrema TiateibHO
pa3pabaTbIBaeT B3aMMOCBI3aHHYI0 WH(POPMAIHIO H
MOCBUTAET HMHCTPYKUUHM JUIs OOPTOBOM CHCTEMBI
MIPeaYPEXACHUSI/TIPETOTBPAIICHUST  CTOJIKHOBEHHUS,
9TOOBI HE IOIYCTHUTH KaTacTpody.

[TpennokeHHBIH METOA IpexycMaTpUBaeT
ucTonb30Banue nuddepeHnnanpHor cucremsr GPS
(DGPS) ¢ WAAS (Wide Area Augmentation System —
riobajibHasl CHCTEMa pPachpoCTpaHeHus muddepeH-
UaTBHBIX TonpaBok) w/mmm cuctembl GALILLEO
(EU Global Navigation Satellite System — eBpormeii-
ckas Trio0ajbHas CHYTHHKOBas paJMOHABHIAIIMOH-
Has cucrema) ¢ cucremoit EGNOS (European Geo-
stationary Overlay System — eBpomeiickast reocra-
LMOHApHAs PaMOHABUTAlIMOHHAS CUCTEMa), KOTopast
JTaeT BO3MOXKHOCTh KKIOMY TPAaHCIIOPTHOMY CpeICT-
BY Ha MarucTpajid WACHTH(QHUINPOBATH CBOE MECTO-
HaXO0X/ICHUE C TOYHOCTBIO OT HECKOJILKUX METPOB JI0
HECKOJBKUX JCIIUMETPOB.

[pemmoxxennsrit metoq u EU DSRC-VVDT
MIMO-cucrema, ycraHaBirBaeMasi Ha TPAHCIIOPTHOE
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CPEACTBO, JETaeT BO3MOXKHBIM H3MEpPEHHE CBOUX
KOOp/AMHAT B TJI00AIBHONW CHCTEME KOOpAWHAT, Tepe-
Jady MH(OpMAIMU O TEKYLIEM MECTOPACIIONO0KEHUH
TPAHCIIOPTHOTO CPE/ICTBA, MapaMeTpax ero JABMKCHUS
K APYTUM y4acTHHUKaM ABW)KCHHUS B Ipezesax paboye-
O JIMana3oHa M TIATEeNbHYIO Pa3pabOTKy HAMITyUIIHX
MapuIpyTOB COTTIACHO 33JJaHHBIM KPUTEPHSIM.

EU DSRC-VVDT MIMO-cucrema MoxeT
nepenaBath TaKke HMHOOPMALMIO O HOPMallb-
HOM/aBapuiHOM COCTOSHUM TPAHCIOPTHOTO CPEACT-
Ba, BOJAUTEIS, MACCAKUPOB, IPy3a B aBTOMAaTHYECKOM
pEKHME, a TAKKe UACHTU(UKAINOHHBIE JaHHbIC IS
MOJIMIMK, KaK, HalpHMep Yucia HOMEPHOrO 3HaKa
TPaHCIIOPTHOTO CPEACTBA, MECTO PETUCTpAIMH, HO-
Mepa BOAUTENbCKUX MPaB U T. [I.

Konuennus EU DSRC-VVDT MIMO-cucre-
MBI OCHOBaHa Ha NPHUMEHEHUH pa3padOTaHHbBIX aBTO-
pamu [11, 12] HOBBIX METOJIOB T'e€HEpAIIUU IITUPOKO-
MOJIOCHBIX Xa0THYECKMX KOJIOB M YHHMKAaJbHBIX OH-
HapHBIX MCEBJOCITyYalHBIX IOCIIEA0BATEILHOCTEH,
HMMEIOIINX 04Y€Hb MaJible OOKOBBIE JICTIECTKH HX aBTO-
Y B3aMMHO KOPPEISALMOHHBIX (QYHKIHMHA. ITO MO3BO-
JSIET peaNn30BaTh NPUHLMUILI TepeJayll CUTHAJIOB C
pacIIMPEeHHBIM CIIEKTPOM, B YacTHOCTH, OCYIIECT-
BUTh MHOXKECTBEHHBIH JOCTYIl C MPOCTPAHCTBEHHO-
KOJIOBBIM paszesieHrneM kaHaios (S-CDMA).

[pumenenne 8 EU DSRC-VVDT MIMO-cuc-
TEeME UNIMPOKOMOJIOCHBIX XAOTHYECKUX KOJOB H
YHUKAQJIbHBIX OWHApHBIX ICEBIOCIYYaiHBIX MOCIe-
JIOBaTEIBHOCTEH NeNaeT BO3MOXKHBIM CO3JaHHE He-
00XOJMMOT0 YHCJIa HE3aBUCHMBIX KaHAJlOB CBSI3H B
npesenax BBIJIEICHHOIO YacTOTHOTO —JHarna3oHa.
Kpome Toro, 3TH KOJOBBIE CHTHAIIBI IPEIOCTABIISIOT
NOTEHIMAJIbHYI0 BO3MOYKHOCTh OPraHU3allMU CHCTeE-
MBI ISl TIpHeMa/Tiepefayr TaHHBIX 0e3 BbLIeIeHHs
YaCTOTHOTO WJIM BPEMEHHOTO KaHala ISl KaKIOTo
TPaHCIIOPTHOI'O CPEICTBA M BBINOJHEHHS IpHUeMa
IaHHBIX Ha OECIIOMCKOBOM OCHOBE.

Nmeromascst B pacHopsHKEHUH T10JI0Ca dac-
tor 150 MI'm (cormacto EU DSRC-crammapry)
JOJDKHA OBITh pa3lielieHa Ha JiBa HE MEpPEKpPbIBAIO-
[IMXCS YaCTOTHBIX KaHaia (puc. 1). s xaxmoro u3
JIBYX YaCTOTHBIX KaHaloB (pHuC. 2, 3) MPUMEHSIOTCS
npuniunel S-CDMA a5 mepenadn TaHHBIX MEKITY
TPaHCIIOPTHBIMHU CpeAcTBaMH. MaKCHUMaJIbHOE KOJIHU-
YEeCTBO TPAHCIIOPTHBIX CPEACTB (pHC. 2), ABHKYIIHX-
Csl MO dYeThIpeM MoiocaM Tpaduka IBIKCHUS TNPU
nokpsiTin 1 000 M oOnacTé pocTpaHCTBa Ha aBTO-
MarucTpaiy, paBHO

Nax = 4R /AR =4000/8 =500 —

max
—> NS*CDMA = 500.

Jomymienne: kaxmas 8-MeTpoBas sdeiika IO Ha-
MPaBJICHAIO IBIDKEHUS COAEPXKUT TONBKO OJIHO
TPAHCIOPTHOE CPEJCTBO.

Jnst S-CDMA paznieneHusi KaHaJIOB UCTIOJb-
3YIOTCSl XaOTHYECKHE ITOCIICAOBATEIFHOCTH pa3iIHd-
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ot jumHbl (CWS-K0/BI) U YHUKANbHBIC OMHAPHEIC 1. Wmeromasicss B pacmopsHKCHUU IHAPHHA
TceBI0CTyYaiinbie nocienoBarenbuoct (BPRS-kozpr). nonocsl AF =150 MI' (puc. 1).

CyIIecTByIOT /IBa OCHOBHBIX OTIPaHHMYHBAIO- 2. HeoOGxoguMoCTh B 0OO€CIIEUEHHUH OCTa-
mwx ¢akropa npu npoektupoannu EU DSRC-VVDT TOYHO TOYHOM MPOCTPAHCTBEHHO-BPEMEHHON CHHXPO-
MIMO-cucremsr: HU3AIUN CUCTEMBI JUTS IEKOAMPOBAHUS HH()OPMAIHH.

150 MI'n
2 MI'n
74 MI'n 74 MI'n
f, MI'
5725 MI'm 5875 MI'm

Puc. 1. Pacnionoxxenue yactoTHbix kanaaos B EU DSRC-VVDT MIMO-cucreme

c4-124 €1-64 €1-66 €1-68 €1-70 \ €1-124 €2-64 8

c4-123 c1-63 €1-65 c1-67 €1-69 c1-123 c2-63 7
2 2 =
5 ca-62 c1-2 a-a<E) €16 c1-8 | e1-62 22 & £
] C4-61 €1-1 t1-3 c1-5 €1-7 €1-61 cz-1 5 S
5} =)
3 S
= €4-124 €1-64 €1-66 €1-68 €1-70 ol c1-124 c2-64 4 3
Q
g e c1-63 2
2 c4-123 = €1-65 €1-67 c1-69 «|  c1-123 c2-63 3 G
- 1 =

€4-62 c1-2 c1-4 c1-6 [He=g= -0} €1-62 c2-2 2

C4-61 -5 €1-7 €1-61 c2-1 1

€1-1 €1-3 c1
CDMA-kaHabt

Puc. 2. B3auMHOe pacHoNIOKeHHE YAaCTOTHBIX M NPOCTPAaHCTBEHHO-KOAOBEIX kaHanoB B EU DSRC-VVDT MIMO-cucteme mpu MOKpHITHH
MIPOCTPAHCTBA BHYTPH |-KM 30HBI aBTOMArHCTPAIH C BOCEMBIO TTOJIOCAMH JBYKEHUS

ITonocer JABUKCHUSA

b C141..C1-124; C2-1...C2-124; C3-1...C3-124; C4-1...C4-124 — CDMA-koz1b1
cage Fa 3122 cisa o 224 Er] - T 2124
c384 » c3.124 ca.66 _ ica.122] C184 . » c2.122
cags & GEBFi) Cas3 & a1z 7 C155 . | R |
c363 o fc3123 Ca88 o ca-121 c183 . L c2.121
8 M
c3d s c360 caz o e ci4 S ciE0 cz2 i c282
ca2 casz ca4 a c440 c12 - c182 c24 o c260
cia T €349 ca . c481 c13 - =r) c21 cas1
c31 cast ca3 casd c11 c181 c23 249 _ R'm
R, — 500 R, — 250 Ry Ry + 250 R, + 500

Puc. 3. ®parment npusssku S-CDMA-komoB EU DSRC-VVDT MIMO-cuctems! K IpOCTpaHCTBEHHBIM KOOPAMHATAM aBTOMArHCTpald C
BOCEMBIO IIOJIOCAMH JIBIKECHHUS
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U3 nepBoro dakropa ciexyer, 4To caMblid
KOPOTKHH UMITYJIbC B CUCTEME JIOJDKEH OBITh paBeH

t = YAF = Y74000000 = 13:45 e
B 10 xe BpeMd JId ACKOAWPOBAHUSA HH-

(dopmanuM Cc 3aJaHHON JIOCTOBEPHOCTBIO TpeOyeTcs
TOYHOCTbH B3auMHOW cuHxpoHu3zaiuu S-CDMA-konoB
He xyxe y <+20 % [9].

B Hamem ciydae ommbKa 10 BpeMEHH CHHX-
POHM3ALMM M OTHOCHTEIbHAas TOYHOCTb B3aUMHOMN
cuaxpormanun S-CDMA-komoB Oyzmer paBHa cOOT-
BETCTBEHHO

+
Gt:O-—R: _0’2 =+2 He,
¢ 310
+2.107°
2=24100 % =229 100 96 = +14,87 %,
7 13.45.10°

rae oR =20,6 M — ommbka usmepenuss DGPS-koop-
muHatel (¢ koppekiusmu ot WAAS Moxer OBITh
JIOCTUTHYTA TOYHOCTH HU3MEpCHUS, paBHast

oR=+(1+0,)m); c= 3.108 m/c — CKOPOCTbH CBETAa;
7, #1t, =13,45HC - pacueTHas JUIMTENBHOCTB OJie-

MeHTapHOTo (uuroBoro) ummyiabca S-CDMA-kona.
[Tocnennee HakyIaBIBa€T OCHOBHOE OTPaHWYEHHUE Ha
CKOPOCTB Tepeaayn HHHOpMaLUH.

Branmnast cuaxponmzarms Beex S-CDMA-koznoB
obecrieunBaercst ¢ nmomoupio curHanoB GPS. Takum
obpazom, ctanmapTHbIA npueMHuK GPS Taxke sBis-
ercs yacTelo mpemraraemoir EU DSRC-VVDT
MIMO-cucremsl.

B EU DSRC-VVDT MIMO-cucteme xax-
JIbIil YaCTOTHBIN KaHal acCOLMHUPYETCS C OIpEeaeIeH-
HBIM HAIPaBJICHUEM JIBIDKCHHS IO aBTOMArucCTpaiy,
B TO BpeMs KaK TPAaHCIIOPTHBIE CPEACTBA HA OJJHOM M
TOM K€ HATPABJICHUH TBUKCHUS OJDKHBI OBITH pas-
JIMYUMBI KaHaIbHEIMH S-CDMA-komamu.

Kpome TOro, mis OCyIIECTBICHHS CHHX-
POHHOTO pexuMa repeiayn MHGOPMaIMK TIpeJyiara-
eTcsl TIpeNNUCcaTh YHUKAJIbHBI XAOTHYECKHUH CITy-
YaHBIA KOJI KaXJIOMYy 8-METPOBOMY CEIEKTOPHOMY
MHTEPBAly MO MAAIBHOCTH W MPHHYIUTh KaKa0e
TPAHCHOPTHOE CPEICTBO, MEepeIBHUTAIoIIeecs B Ipe-
Jenax 3TOro CeJeKTOPHOTO HHTepBaja IO Jallb-
HOCTH, NTepeaaBaTh HHPOPMAIHIO, HCIOIB3YS TOJIBKO
9TOT KOJI.

Takum oOpasoM, B mpexenax | kM jgaib-
HOCTH JIOCTHTaeTcsl MOJHAas MIACHTH(UKAIMS TpaHC-
MTOPTHOTO CPEACTBA C IOMOMIBIO CEIEKTOPHOTO WH-
TepBaja Mo JAJIbHOCTH JIJIsI aBTOMArHCTPalid, UMEo-
el 8 moJI0C TUHUN ABMKCHHUS.

HoBplit crioco® mpuBS3KHA KoOJa, KOTOPBIHA
NPEANUCHIBACTCS KaKAOMY aBTOMOOWIIO BHYTPH
paboueii maneHoctd EU DSRC-VVDT MIMO-cucre-
MBI, JieflacT BO3MOXKHBIM HCIIOJIE30BaHHUE CTaHIAPT-
HOM mpueMo-Tiepefaroniei anmapatypsl Ha BcCeX
TPaHCIIOPTHBIX CPE/ICTBAX.

OCHOBHBIE TEXHHYCCKHE XapPaKTCPUCTUKU
EU DSRC-VVDT MIMO-cucremsl, paccunTaHHbIC
JUIs. HanOoJlee 4acTo BCTPEYAIOLIETOCs Ha MPaKTHKE
gucina (8, 6 u 4) moyoc IBYKEHUS HAa aBTOOaHe, MPH-
BEJICHBI B Ta0OJHIIE.

OcHoBHble TexHuueckue xapakrepuctiukn EU DSRC-VVDT MIMO-cuctemst

IMapametp 3HayeHue napaMerpa

1 Juamason uacror, I'T'g 5,725...5,875

2 O6mras noioca yactot, MI'q 150

3 Uwcro mosoc ABIKEHHs (110 X0y 8 (4+4) 6 (3+3) 4(2+2)
JIBIOKEHHs + B 00paTHOM HaIlpaBJICHUH)

4 Yucno 4acTOTHBIX KaHANOB (IIUpUHA 2

(74)

YaCTOTHOTO KaHaia, MI'1r)

5 Meron noctyna S-CDMA

6 UwuroBasi CKOPOCTh, Mymrr/c 73,152 | 72,576

7 JUIUTEABHOCTD YUIOBOIO UMITYJIbCA, HC 13,45

8 CrerneHb KOAUPOBaHUS 1.127 1.63

9 Ckopoctb undpopmarmu, Kour/c 576 1152

10 | IIpomyckHast criocoGHOCTh KaHaa 71424 53 568 71424
(U1 MAKCHMAJIBbHO BO3MOXKHOI'O KOJIMYECTBA (124) (93) (62)
aBToMOOmIIeH, mrt.), Kour/c

11 | JlymHa xagpa, Mc 10 (20)

12 | KommuecrBo nHpOpMAnuH B Kaape, OUT 5760 (11 520) | 11520 (23 040)

13 | Cunxponusauust Cunxponuzarus yactotoit GPS

14 | Pacumpsronye CreKTp mocne10BaTeIbHOCTH XaoTH4YecKHe MoCiIel0BaTeIbHOCTH Pa3IMYHOM AJINHBI
(koib1) (CWS-ko/1b1) 1 yHHKaJIbHBIC OUHAPHBIE TICEBAOCTYYaiHbIe

nocienoBarerabHoCcTH (BPRS-k0161)

15 | Ywucno xomoB 124 | 93 62

16 Moayssiuust JaHHBIX QPSK; BPSK

17 | Pacuupsiromiast MOIyJISILHS QPSK
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Jns ObicTpoit mepenauu WHQpOpMAIMU He-
00X01MMO 00ecrednTh JOCTaTOYHO BBICOKYIO CKO-
pocth mepenayn AaHHBIX. C 3TOH IENbI0 elle OINH
OTpaHUYMBAOIMNN (HAKTOP JAODKEH OBITH NMPHUHSAT BO
BHUMaHKE. [ Toro 4ro0Bl 0OecneduTh mpueMIe-
MY HaJIeKHOCTh TIepefadd WH(POpMAINd, TaHHBIC
JOJDKHBI TIEPeaBaThCsl HE HEMPEPHIBHO, a TMaKeTaMH
(kampamM#) COOTBETCTBYIOIIEH IJIMTENBHOCTH, WC-
T0JIB3Ysl IOBTOPEHHE JIAHHBIX M YePEe/IOBAHUE B KaJIpe.
IIpennonaraercs npumeHuTs 10- 1 20-Mc Kaapsl.

Hoctmxumast cKOpocTh mepenadn UHGOp-
Mallii MOXKET OBITh OllEHEHA HAUYMHAs C UMEIOIIeHCs
B PacIOpSDKCHUHU IIUPUHBI MOJOCHI 4acTOT OIHOTO
kaHanma S-CDMA © [UIMTENBHOCTH HCIIONIB3YEMBIX
KagpoB. OLEHKU MMOKa3ad, 9TO JJI HaJIe)KHOU Tepe-
nmaun/mpriemMa 5 760 6ur nabopMarmu B TeueHwe 10 mc
(madpOopMaIioHHass cKOpocTh paBHa 576 Kout/c)
Mexny 124 xanamamu S-CDMA nmomkHa OBITE 0Oec-
MeYeHa YUIoBask CKOPOCTh paBHas 73,152 Mumrm/c,
KOTOpasi yIOBJIETBOPSIET OIPAHUYEHHIO HIMPHHBI T10-
Jockl yactot kanana S-CDMA.

BeiBoasl. IIpeanoxeH HOBBINM NOAXO[ K IIO-
cTpoenuio camoopranmsyrormieiics EU DSRC-VVDT
MIMO-cucTeMbl Iepeadu JaHHBIX B pEaJbHOM Bpe-
MEHH MEXJYy BCEMH TPAaHCIIOPTHBIMU CpEJICTBAMH
BHYTPH |-KM 30HBI aBTOMarucTpamu. Metox Tmo-
crpoenust camoopranmsyromeiics EU DSRC-VVDT
MIMO-cucrembl npeaycMaTpHBacT IOJHOCTHIO aB-
TOHOMHYIO PabOTy TPaHCIIOPTHOTO CPEACTBa, 000pY-
JIOBAaHHOTO JIAHHOW CHCTEMOH, IPH MOJHOM OTCYTCT-
BUM TaK Ha3bIBaEMBIX 0a30BBIX CTAHLMH, KaK IpaBH-
JI0, YTPABISAIOMHX CHCTEMaMH MOOWIBHON CBS3H.
TlpennoxxeHHbI METOA TPEAOCTABIISIET BO3MOX-
HOCTh Ha MPaKTHKE pealn30BaTb MHO>KECTBEHHBIH
JIOCTYTI C TPOCTPAHCTBEHHO-KOJOBBIM pacIpeserre-
HueM kaHanoB (S-CDMA) wm npuHOUIB Tiepenadu
nH(OpMaLUK C HCIOJIb30BAHUEM IIHUPOKOIIOJIIOCHBIX
xaoTndeckux nocnenosarenbHocreit (CWS-konoB) u
YHUKAJIBHBIX OWHAPHBIX IICEBJOCITYyYaiHBIX MOCIe-
nosarensHocTell (BIICII-konoB). Kpome Toro, »tn
KOJIOBBIE CHI'HAJIBI NPEIOCTABISIOT HOTEHIHAIBHYIO
BO3MOXXHOCTb TOCTPOEHMSI CaMOOpPraHU3YIOIIEHCs
EU DSRC-VVDT MIMO-cucrems! iepejadn JaHHBIX
0e3 BBIJIEIICHHUS] YaCTOTHOTO MJIM BPEMEHHOTO KaHaia
U KaKJOTO TPAHCIOPTHOTO CPEIACTBa W IpHUEMa
JAHHBIX Ha OecronckoBoil ocHoBe. CodeTaHme mpo-
cTpaHcTBeHHO-KOooBoro  (S-CDMA)  pa3nencnus
KaHaJIOB M XaO0THYECKOTO KOAMWPOBAaHUS IIPU peaju-
3anun crangapra CDMA — xapaktepHbie 0COOCHHOC-
T npeanaraemoit EU DSRC-VVDT MIMO-cuctemsr.
KiroueBass maess MeToga COCTOMT B TOM, YTOOBI B
EU DSRC-VVDT MIMO-cucteme yHUKAIbHBIA KO
UL KakKJOTO aBTOMOOWIIS acCOLMHPOBATH HE C
CaMHM aBTOMOOWJIEM, a C €T0 TEKYIIHM IT0JIOKCHIEM
Ha aBroOaHe. HoBasg mpouexypa npeAnUCaHUs
S-CDMA-ko1a kaxaoMy aBTOMOOWIIO BHYTPHU pabo-
uel mansHocty aeiicteust EU DSRC-VVDT MIMO-cuc-
TEMbI JleJlaeT BO3MOXXHBIM HCIIOJIb30BAaHHE CTaH-
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JIapTHOW TpHEMO-TIepe/Ialoiell anmnaparypsl Ha BcexX
TPaHCIIOPTHBIX cpezcTBax. CaMoopraHusyromascs
MIMO-cucteMa MO3BOJSET Ha MPAKTHKE Peasn30-
BaTh (U1 MaKCHMaJbHO BO3MOXXHOTO KOJIMYECTBa
TPAHCHOPTHBIX CPEACTB) MPOITYCKHYIO CIIOCOOHOCTH
KaHaJsa, O;1M3Kyo K npeneiny lllenHoHa.
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K. A. Lukin, V. Ye. Shcherbakov

MIMO-SYSTEM WITH CARRYING CAPACITY
CLOSE TO SHANNON'S LIMIT FOR
VEHICLE-TO-VEHICLE DATA TRANSMISSION
ON HIGHWAY

A new approach to design of the self-organizing
MIMO-system using European Union Dedicated Short-Range
Communication (EU DSRC) standard for Vehicle-to-Vehicle Data
Transmission (VVDT) within a highway area of 1 km in radius is
proposed. The design method of self-organizing EU DSRC-VVDT
MIMO-system provides the completely off-line operation of vehi-
cle appointed by this system at the complete absence of base sta-
tions as a rule controlling mobile communication systems. The
method suggested gives the possibility in practice to realize a
Space-Code Division Multiple Access (S-CDMA) and the prin-
ciples of data transmitting with the usage of broadband chaotic
waveform sequences and unique binary pseudorandom sequences.
In addition, these code signals give a potential capability for de-
sign of a self-organizing EU DSRC-VVDT MIMO-system without
allocating a frequency or temporal channel for each vehicle and
perform data reception on the searchless basis. Combination of
spatially code channels separation (S-CDMA) and chaotic wave-
form coding for implementing CDMA-standard are distinguishing
features of the suggested EU DSRC-VVDT MIMO-system. The key
method idea is to associate the unique code for every car in the EU
DSRC-VVDT MIMO-system not with a car, but with its current
position on highway. A new method for the S-CDMA-code pre-
scribing to each car within the working range of EU DSRC-VVDT
MIMO-system enables usage of identical standard Tx/Rx equip-
ment for all vehicles. The self-organizing MIMO-system allows to
implement in practice, for the maximally possible amount of
transport vehicles, the carrying capacity of channel close to Shan-
non's limit.

Key words: highway, vehicles, spatially code channels
separation, EU DSRC-standard, chaotic waveform sequence,
unique binary pseudorandom sequence, self-organizing EU DSRC-
VVDT MIMO-system.
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MIMO-CUCTEMA TIEPEJAUI IHOOPMAILIIT
MDIX ABTOMOBIIISIMU HA ABTOBAHI
I3 ITPOITY CKHOIO CITPOMOXHICTIO,

BJIN3BKOIO 1O MEXI HIEHHOHA

3anporoHOBaHO HOBHIA MifXiA 10 MPOCKTYBAHHS CaMO-
opranizoBHoi MIMO-cuctemn nepenadi JaHHX B pealbHOMY 4Yaci
Mix TpancnopTHuMH 3acobamu (VVDT), siki 3HaXOJATHCS B MEKax
aBTOMarictpaii B pajiyci 1-ro kijgomerpa, 3 BUKOPUCTAHHSIM
EU DSRC-cranmapry. Merox 1o0ymoBH CaMOOPraHi3oBHOL
EU DSRC-VVDT MIMO-cuctemu nependadac aBTOHOMHY po0O-
Ty TPaHCHOPTHOro 3aco0y, 00JaIHAHOTO JAHOK CHUCTEMO, 3a
YMOB TIOBHOI BiICyTHOCTI 6a30BUX CTaHLIH, SIK MPaBHIO, KEPYIO-
YUX CUCTEMaMH MOOLIBHOTO 3B’SI3KYy. 3alpOIOHOBAaHHMN METOJ
HaJ1a€ MOXKJIMBICTh Ha MPAKTHII peanizyBaTh MHOXUHHUI JOCTYI
3 IIPOCTOPOBO-KOJOBHUM po3noninom kaHatiB (S-CDMA) i nepena-
yy iH(popMalii 3 BUKOPHCTAHHIM LIMPOKOCMYTOBHUX XaOTHYHHUX
MOCJTIJOBHOCTEH 1 yHIKanbHUX OiHApHHMX ICEBIOBHIIAIKOBUX II0-
ciizoBHOCTel. KpiMm ToTO, 1i KOZIOBI CUTHAIM HA/AIOTh MOTEHITIIHY
MOXIHBiCTH  mOOymoBu — camoopranizoBaoi EU DSRC-VVDT
MIMO-cuctemu mist mepepadi AaHux 0e3 BHIUICHHS YaCTOTHOTO
200 4acOBOTO KaHAITy JUIsi KOXHOTO TPAHCIIOPTHOTO 3aco0y i mpu-
oMy naHux Ha 0e3nolrykoBiii ocHOBi. [loeaHaHHS TPOCTOPOBO-
KomoBoro posainenus kanaiis (S-CDMA) i XxaoTHYHOTO KOIyBaH-
Hi st peamizanii ctannapry CDMA — xapakrtepHi 0coOIHMBOCTI
mpororoBaroi EU DSRC-VVDT MIMO-cucremu. Knrouosa imest
MeTofy mojsrae B Tomy, mod 8 EU DSRC-VVDT MIMO-cucremi
YHIKaJIBHUI KOJ{ JUIsi KOKHOTO aBTOMOOLIS acomliloBaTH HE 3 ca-
MMM aBTOMOOLIEM, a 3 HOro MOTOYHHUM IOJIOKEHHSAM Ha aBTOOAHI.
Hoga nponenypa npumnmcy S-CDMA-koxy KOXHOMY aBTOMOOGLITIO
y Mexax pobodoi gamsHocTi fii EU DSRC-VVDT MIMO-cucremn
YMOXKIIMBIOE ~ BHKOPHCTAHHS  CTaHZApTHOI  NPUIHMAIbHO-
nepeaaBaibHOl anapaTypH Ha BCiX TPaHCIOPTHHX 3acobax. Camo-
opranizoBHa MIMO-cucTema 103BOJIsIE Ha IPAKTHII peanizyBaTH
(U1 MaKCHMalbHO MOXKIIMBOI KiJBKOCTI TPaHCHOPTHHX 3ac00iB)
IPOITYCKHY CIIPOMOXHICTb KaHaily, 61n3bKy 10 Mexi IlleHHoHa.

KurouoBi ciioBa: aBrobaH, TpaHCIOPTHI 3acobu, mpoc-
TOPOBO-KO/IOBE po3aineHHs kanaii, EU DSRC-cranmapt, xaotuy-
HAa TOCJIJJOBHICTh, YHIKaJIbHa OiHApHA TICEBIOBUIIAJKOBA MOCIIIOB-
HicTh, camoopranizoBaa EU DSRC-VVDT MIMO-cucrema.



