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BBenenue

IIpu pazpaboTke HMIHUPHYECKUX MOJeNel KaHajlOoB YacTO HE YYUTHIBAIOT T'€OMETPHUYCCKHE
XapaKTEPUCTUKU OKpY)Karollel cpeabl. B 3ToM 3akirodaercss MX OCHOBHOW HEIOCTATOK, OCOOEHHO
SIPKO 3TO MPOABISETCA IIPH MHOTOJIy4€BOM PacIpOCTPAHEHUH CUTHAJTIOB BHYTPH IMOMELIECHHUM.
TpaccupoBka Jiydeid 3TO CHOCO0 CHUMYNALWM KaHala CBS3M YYUTHIBAIOIIUN T'e€OMETpUYECKUE
XapaKTEepUCTUKU CTPOEHUH. B maHHOM ciydae paclpocTpaHEHHE PaJMOBOJIH pPaccCMaTpHBAETCs Kak
OO0MBIIOE KOTMYECTBO CAMOCTOATENBHBIX JTy4el, KOTOPbIE HMEIOT XapaKTEePUCTUKH KakK 3aTyXaHUsl, TaK
1 OTpa)KEHUS OT CTEH 3JaHHM.

Puc. 1. MOI[CJ'II/IpOBaHI/IC MHOT'OJIYYCBOI'O KaHalla B KOpUAOPC 3aHUA
Fig. 1. Indoor Multipath channel modeling

MOIleJIHI)OBaHI/Ie MHOT'0JIY4Y€BOI'o KaHaJ/ia CBA3U

HpI/I nepeaauc curiaja OT nepeaaTyukKa K HpI/IeMHI/IKy B 3JaHUU C 3apaHCC H3BECTHOU FeOMGTpHeﬁ,
MOJCIb TpPacCCUPOBKU Hy‘leﬁ onpeacisict BCHO HCO6XO,I[I/IMyIO I/IH(l)OpMaI_[I/IIO, TaKyr0 Kak:

d d jod d .
,Bi = ‘ ,Bi ‘-e“ﬁ' - aMIUIATYJa U T; - 3aJ€pXKKa MIPU PACIPOCTPAHEHUH | - TOrO IyTH, Yroji NaJeHus H

OTpaKeHHUsS JIy4a, KOJIMYECTBO OTpaKeHWH W (a3a curHana. [lpm cumynsnum HaOoOp JydeH,
MOCBUTIAEMBIN OT TepeiaTuhKa K NPUEMHUKY, TPACCHPYIOTCS IO TEX MOp, IMOKA JIyYH MO0 JOCTHTHYT
npuéMHUKa, 00 3aTyxHyT B cpexe [1].

ITpu pacnpocrpanenun paanoBoiH ¢ yactoroir 900 MI'm u Bbimie B HEOONBIIMX MOMEIICHUSX U
KOPHIOpax 3/IaHWH MMEHHO 3aTyXaHHE W OTPA)KCHHE BOJH SBISTHCS JTOMHHHUPYIOIIUM MEXaHH3MOM
ONpENeNSIOIIM YPOBEHb IIPHHSATOr0 CHrHaNa [2].

JUist MOJeTMpOBaHHMS MHOTOJIYYEBOrO KaHajla METOJOM TPACCHPOBKY JIy4ed HCIIONB3yeTCs
nporpaMMHOE OOeclieueHHe, pa3padOTaHHOe aBTOpamMH crTaThH. [Ipencka3aHusi ypoBHS CHTrHaja
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BBIUMCIICHHBIE MPOrpaMMHBIM OOECIIEUeHHEM TPACCUPOBKU JIyde MOTYT 00eCHeYuTbh BBICOKYIO
TOYHOCTh, TaK KaK BOJIHA PAacCMAaTpPHBAETCA KaK CAMOCTOATEIEHO PAaCIpOCTPAHSIOIINECS JIydH.
TpaccupoBky Nydeld MOXKHO HCHONB30BaTh NPH CO3AaHUM OONBIIONW 0a3bl JaHHBIX HMMITYJIBCHBIX
XapaKTePUCTUK KaHAJOB [UIs CTATHCTHYECKOro aHammu3a. [loaToMy MeTon TpacCHpOBKM JTydeil
sBisiercs: 9QpPEeKTUBHON anbTepHATUBONW (PU3NUECKMM M3MEPEHUSIM MapaMeTpoB curHana. Pucynok 1
n3zo0paxkaeT MPUEMHUK U MepeaTUrK, PacloioKeHHbIe B Kopuaope 3-To 3Taxa 3aaHus MHcTutyTta
Keneznonopoxxnoro Tpancnopra Pukckoro Texuuueckoro YHHBEPCHTETa M COOTBETCTBYIOLIYIO
UMIYIbCHYIO XapaKTEPUCTUKY KaHaJla, BEIYMUCICHHYIO TPH TIOMOIIN TPACCUPOBKH JIyUeH.

JlanHas Monmenb MOXET coAepKaTh HEOOXOMUMYI0 HH(OpMAIMIO O IUIaHEe 3[aHus, TakKylo Kak:
pacronoXeHnu CTeH, ABepel, oKoH u mebenu. Cleayer 3aMeTHTh, YTO MporpaMMHoe obOecrieueHue
TPACCUPOBKH JIydel HOMKHO OBITh CKOH(UIYpHPOBaHO C Y4ETOM BCEX OCOOEHHBIX TOHKOCTEH
TeOMETPUYECKUX XapaKTEPUCTHK 31aHus. M3 3a ciiokHOCTH 1 O0MbIero oo0bemMa BBIYUCICHUH, METOT
TPACCUPOBKH Jyded He SIBISETCS MOAXOAALICH METOIUKOW YCTaHOBJICHHMS XapaKTEPUCTHK KaHaia
CBSI3U JJISl CUCTEM PEajibHOrO BPEMEHH.

ANTOpUTM MOZAENH C HCIHONb30BAHMEM TPACCUPOBKU JIydeld NpeAyCcMaTpUBaeT CIEAYIOLIYIO
MOCJIE0BATENHHOCTh PACUETOB

1) AHaNM3UPYIOTCSI TEOMETPHYECKIE XaPAKTEPUCTHKH 3IaHHUsL.

2) OmpenenstoTes MPSMOil 1 MHOYKECTBO OTPAXKEHHBIX JIydel WAYIIHMX OT MepefaTuhKa K MPHEMHHUKY.
3) [o TpaekTOpUsM Jydei ONMpeAeNsIOTCS JTHHHBL JTy4eld U YIIIbl aICHUS.

4) 3aTeM BBIYHCISIIOTCS OCNIA0IEHHE KasKA0ro Jiyda, uexons u3 hopmysbi(1):

b= [I1 M
i=0

rae P, [Bt] - MomHOCTS IPUHATOrO CUTHATA,
P, [BT] - MOIIHOCTD IPUHSATOrO CUTHANA HA PACCTOSHHUU B OJIMH METP OT IepeaTunKa,

d [M] — mmunHa syda, B ciydae mpuéMa OPSIMOrO Jiyda - PAacCTOSHUE MEKIY NPUEMHHKOM U

HepeaaTInKoM,
Q - KOOPPUIUEHT U3MEHEHUSI MOLITHOCTH B 3aBHCUMOCTH OT PACCTOSHHSL.

I - >pdexTuBHBI KO3 DUIMEHT | — TO OTpakeHHs Jyda OT CTEHBI, KOTOPBIH ONpenessieTcs Mo
dopmye (2):

2
_ Sin®, —+/& —cos’ O, 2
" | sin®, +,/e—cos? @,

rae © - yrom majgeHus Jyda,
& - OTHOCHTEJbHAS JUDJICKTPUUCCKasi IIPOHUIIAEMOCTh CTEHBI (pHUC. 2).

[Manarommas OtpaxéHHast
BOJTHA BOJTHA

Puc. 2. Otpaxxenue ryua
Fig. 2. Ray reflection

CpaBHeHHE YKCIIEPUMEHTAIBLHO MOJyYeHHBIX JaHHBIX, Mogeau |EEE 802.11 u meTona
TPacCUPOBKH JIy4eH
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J7ist momy4deHHs SKCIEepUMEHTAIBHBIX TAHHBIX Ha 3-eM dTaxe 31aHus MIHCTUTYTa Kene3HOI0POKHOTO
TpaHCIOpPTa PHIKCKOro TEXHUYECKOrO YHHBEpPCHTETa Oblla co3/JaHa HW3MEpUTENbHAas CHCTeMa.
OcHoBo# naHHO# cuctembl cTwian Tpu Touku nocryna (Tl — T/I3), xoTopbie BBHINOIHIA POIb
U3IydaTenei, MpUEMHUK U MPOrpaMMHBIA WHCTPYMEHTApU Aisi cOopa CTaTUCTHKH, (UIBTPALUU U
00paboTKu HH(OPMAIIMU O MOIIHOCTH PUHATOro curHaia (puc. 3).

W3mepenusi MpoBOAMIINCH B KOHTPOJIBHBIX Toukax (1 — 14 Ha puc. 3), pacrojJOKEHHBIX B KOPUIOPE
3naHus. PaccTossHue MEKAy KOHTPOJIBHBIMH TOYKaMHU COCTABIISUIO 5 MeTpoB. B Kaxmolt KOHTPOIBHOM
TOYKE MPOBOIUIOCH OMPENEICHHOE KOMUYECTBO 3aMepoB (B 00ieM ObII0 BeIMoaHEeHO Gosee 65 000
U3MEpEeHHii) 1 ObUIO COOPaHO JOCTATOYHOE KOJINYECTBO HH(POPMAIIMU O YPOBHE MPHHSATOrO CHUrHaMa U
IIymMa B KaHalle CBSI3H, AJIS MOMYYEeHHUS CTATUCTUYECKUX JTAHHBIX.

Puc. 3. Iinan 3ganus
Fig. 3. Building plan

[lonydyeHnHsle pe3ynbTaThl MOKA3bIBAIOT, YTO METOA TPACCHPOBKH JIydedl ompenenser YpOBHH
NPUHATBIX CHTHAJIOB To4yHee, yeM moxens |EEE 802.11 [3, 4]. B tabmuue 1 npuBeneHsl 3HaYCHHS
K09(p(PULIMEHTOB KOPPEIALNN MEKIY SKCIIEPUMEHTAIBHO M TEOPETHUECKH MOTYYEHHBIMH JaHHBIMU
(meron TpaccupoBku syueid u monenb |IEEE 802.11) mis kaxaoro cueHapus W3MEpPEHUH YpOBHS
curHana. B paHHON Tabnwile mpuBeNeHBl KOOPAMHATHI TOYEK JOCTYIa OTHOCHUTENBFHO KOPUIOpa B
spanun (TA1, TA2 u TA3) 1 cooTBETCTBYIONHE KOIPPUIUESHTHI KOPPEIISIIHH.

Tadauna 1
Koaduument xoppensauu
Correlation coefficient
KoopanHaTtsl TOUKH Ko dpuunent Ko dpuunent
Touka aocTymna KOPpeJIsiiua MeXIY KOPpeJsiiua MeXIY
aocTymna U3MepPEeHHBIM 3HAYEeHHEM | H3MepeHHBIM 3HAYeHHEeM
nmoocu X, | moocu Y, W TPACCHPOBKOI JIy4eil u mozeabio |IEEE 802,11
M M
T/1 0,10 1,00 0,91 0,64
T/2 28,50 8,00 0,98 0,95
T3 56,90 1,00 0,95 0,67

B Tabnuue 2 npuBeneHbl 3HAUCHUSI CPEAHUX OTHOCHUTENIBHBIX OMIMOOK MEXKIY HKCIEPHUMEHTAIBHO U
TEOPETHYECKH TOMYYCHHBIMA JTaHHBIMH (MeTOA TpaccupoBkH Jydeit u moxens |IEEE 802.11) mus
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Ka)X/IOTO CLIeHapHs U3MEPEHUH YPOBHs CUTHana. B maHHOM Tabiuie NMpUBEIeHBI KOOPIMHATHI TOYEK
JocTymna oTHocHTenbHO Kopuaopa B 3aanun (T/1, TA2 u T/I3) u cooTBeTCTBYOIIME CPEAHUE

OTHOCHUTENbHBIE OMMOKK. Kak BHIHO W3 MONy4EHHBIX PE3YIbTATOB, METOJ] TPACCUPOBKH ITydel
criocoOeH mpeicka3aTh 3aTyXaHue B KaHAJIE CBsI3M TOYHee cymiecTByromeir mogenu |IEEE 802.11.

Tabauna 2
Cpenusist OTHOCHUTENBHAS OIIMOKa
Average relative error
Koopaunarsel ToOUku Cpennsisi OTHOCUTEIbHAS Cpenusisi OTHOCUTEIbHAS
Touxka AOCTYyIA omu0Ka Mesk1y M3MepeHHbIM omundKa MexKIy
Ja0cTyna 3HAYeHHEeM U TPACCUPOBKON | HM3MepPeHHBbIM 3HAYeHHeM
mo ocu | mo ocu Y, ayueii u mozenwio |EEE 802,11
X, M M

T1 0,10 1,00 0,07 0,14

T2 28,50 8,00 0,05 0,17

T3 56,90 1,00 0,06 0,12

Merox TpacCHpOBKH ITydei, OOBIYHO, OOECHEUMBACT JIYUIIYIO ANIpPOKCHUMAIUIO 10 CPABHEHUIO C
monenbio |EEE 802.11. B ocHOBHOM, 3TO OOBSCHATHCS TEM, YTO 3aTyXaHUE B TPAKTE CHIILHO 3aBUCUT
OT TEOMETPUIECKUX OCOOCHHOCTEH KOHKPETHOIO TIOMEIICHUS.

Ha rpadukax (puc. 3 — 5) n300pakeHbl 3HAYCHUSI MOLIHOCTH IMPUHATOrO CUTHANIA B 3aBUCUMOCTH OT
TOYKM u3MepeHus s Kaxmod Ttoukn pocrtyna (TA1 - T/3). Ha rpadukax oTpaskeHBI
IKCIICPUMEHTAJIBHO ¥ TEOPETUYECKH TmoiydeHHble nanHble (Momenu |EEE 802.11 m wmeron
TpaccupoBKH Jydel). Kak BHIHO, METOJ TpacCHpOBKU Jydeil HaéT Ooiiee TOYHOE MpelcKa3aHUe
MOBEICHNUS KaHaJla CBSA3U, 3TO 0COOEHHO 3aMeTHO B Toukax 13 u 14.

MommnocTh npunsToro curaana, TJ1
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Puc. 3. MOIHOCTH PUHSATHIX CUTHAIOB Tt TOUkM poctyma 1 (T/1)
Fig. 3. Received signal strength from Access Point 1
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Puc. 4. MOIHOCTH IPHHSATHIX CUTHATIOB JUTst TOUKU poctyma 2 (T/2)
Fig. 4. Received signal strength from Access Point 2
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Puc. 5. MomHOCTH MPUHATHIX CUTHAIOB Tt TOUkU poctyna 3 (T/3)
Fig. 5. Received signal strength from Access Point 3

BriBoabI

1) PacnpocTtpaHeHue pagvoOBONH B MOMEIICHUSX SIBISETCS CIOKHBIM IPOIIECCOM, IOMHHHUPYIOIIEE
3HaYeHUE K KOTOPOM UMEIOT MHOTOJTy4€BO€ PACIIPOCTPAHEHNE U OTPAa’KEHNE BOJIH OT CTEH 3aHHM.

2) Kak mokasan ucciemnoBaHusi, MPOBOIMMEBIC B 37aHUM VHCTUTYyTa JKEIE3HOJOPOKHOTO TPAaHCIIOPTa
PrCKOro TeXHUYECKOro yHUBEPCUTETa, METO, TPACCUPOBKH Jy4el, OOBIYHO, 00eCcTIeYnBaET JyUIIYIO
anmpoKCUManuio 1mo cpaBHennto ¢ moaensio IEEE 802.11, naér 6onbiie nadopmMannm o mapamerpax
KaHalla, TaKuX Kak. 3aTyXaHue, BpeMsl paclpOCTpaHEHHE CHTHAa, UMIYIbCHYIO XapaKTEPUCTUKY H
T.14
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Liplanskis 1., Spunitis A. Radiovilnu izplatiSanas telpas staru traseSanas modelis

Darba ir piedavats divdimensiju decimetru vi/pu izplatiSanas daudzstaru kanala modelis telpam. Mode/a pamata
ir geometriskas optikas metodes, tas paredz telpu geometrisko raksturojumu determinéto aprakstu. Radiovi/pu
atstaroSana no sienam ir modelejama ka atstarojums no plakanas virsmas ar dazu efektivu atstarojuma
koeficentu. Piedavatais modelis un uz ta pamata izstradatais programmas nodroSingjums jauj noteikt sakaru
kanala galvenos parametrus: signala rimSanos, signala izplatiSanas laiku, kanala impulsa raksturojumu u.c.

Liplansky 1., Spunitis A. Ray tracing model for indoor radio wave propagation

In this work the two dimensional multipath channel for indoor waves propagation is offered. Model based on
geometrical optics methods and foresees the determined description of geometrical characteristics of indoor
environment. The reflections of radio waves from walls is designed as a reflections from a flat surface with some
effective reflectivity coefficient. Offered model and software developed on its basis, allow to define the main
parameters of communication channel, such as: channel fading, signal time of arrival, channel impulse response
and others.

Jlunnsinckuii M.A., Cnynutuc A.A. Mojesib TPacCHPOBKH Jy4el U1 pacpocTpaHeHHsI PaIuOBOJIH B
TOMeIIeHHsIX

B oannou pabome npednoscena 08yxmepras mMoodeib MHO20TYUE8020 KAHALA PACNPOCMPAHEHUs 0eyUMemposblX
60IH 8 30aHuAX. B ocHose moldenu nesxcam memoovl 2eoMempuyeckol ONMmuKu, Ymo npedycmampugaen
O0emepMUHUPOBAHHOE ONUCAHUE 2eOMEeMmpuYeckux xapaxmepucmux nomewenud. Ompadcenue paouogoan om
CmeH  MOOdenupyemcsi KAk —OmpagiceHue Om NIOCKOU NOBEPXHOCMU C  HEKOMOPbIM  I(DPeKmusHbim
K03 puyuenmom ompagicenus. Ilpednoscennas moderv u paspabomaHHoe HA ee OCHO8e NPOSPAMMHOE
obecneuenue NO360IAIOM  ONPeOenumsv — KIouegble NApamempvl KAHAAd —CEA3U. 3amyxauue, pems
Ppacnpocmparenue CUSHaNd, UMNYIbCHYIO XAPAKMEPUCMuKy i m.o.
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