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IIpu pacmpocTpaHEeHHH CUTHAIIOB B PA3UYHBIX CpPElaX MPOUCXOMUT HX UCKAKCHHE B COOTBETCTBUH C
AMIYJIBCHOU MEePEeXOHON XapaKTepUCTUKOW cpenbl. [103TOMy mpu mprieMe cOOOINeHUN MPUXOIUTCS HCIOIb30BATh
KOMIICHCATOPHl UCKAKCHWI CHUTHAJIOB, BHOCHUMBIX KaHAIOM HX pacmpoctpaneHus [1]. I[lockonbky moj aeicTBHeM
pa3muyHBIX (pakTopoB GyHKIW ['prHA cpebl U3MEHICTCS CO BpeMeHEM (BOOOIIE TOBOPS, CIy4aliHBIM 00pa3oM), IUis
KOPPEKTHPOBaHUS KaHajla pacHpOCTPaHEHHWS WCHONB3YIOTCS amanTuBHBIE Metoabl [1-3]. B astom ciyuae
SKBHBAJICHTHBIM KaHaJ PAaCIpOCTPaHEHUS COCTOUT M3 COOCTBEHHO KaHala pacmpocTpaneHus (1) m aganTUBHOTO
KOMITEHCaTOpa HCKaKeHWH curHana (2). 3amMeTmM, 9TO B OOJBINEH CTENEHW JUIsl TaKWX 3a7ad HCIOJb3YIOTCS
aJanTHBHBIE NHU(QPOBBIE (PHIBTPHI, CTPYKTYpa KOTOPBIX CBOAWTCS K TPAaHCBEPCATLHOMY (DMIBTPY B BHIE DIICMEHTOB
3aIepKKH ¢ OTBOJaMu. Takue QUIbTPHI 00JaAaf0T KOHEYHOH MMITyJIbCHOM Xapakrepuctukoi (KNUX-umsTpshn), T.e.
UX TepeaaToyHble QYHKIMN HE UMEIOT MOJIIOCOB, a 00IaJafoT JINIIb HYJISIMU.

PaccmoTpuM mpobieMy KOPpEKTUPOBAHUS HITH KOMIICHCAIIMH UCKa)KCHHU CHTHAJA, BBI3BAaHHBIX 3(dekramu
MHOTOJYYEBOTO PacIpOoCTpaHCHUs. MHOTOIyY4eBOE pAaCHpOCTPaHEHHE CHUTHajla B PA3JIMYHBIX KaHANAX CBS3U
MPUBOJAUT K TOSIBICHHUIO, TaK HA3bIBAEMBIX, 9XO-IOMeX. Hampumep, 3Xo-momexa BO3HUKACT B PAJHOCBI3U H3-3a
OTpPaKEHHU OT MOHOCQEPHI, MPHU UCIIOIHF30BAaHUU PAJINO- U TCICBU3HOHHBIX KAHAIOB CBSI3HM B TOPOJAaX M3-32 HAJMYUS
MEPEOTPaKCHUHA OT MHOTOITAXKHBIX 3IaHUM, B TeNe()OHHBIX CETAX M3-32 PACCOTIIACOBAHUS MMIICAAHCOB COTIACYFOIITIX
YETHIPEXITONIOCHUKOB | T.N. 3a/ady aalTHBHON KOMIICHCAIIMH 3XO-TIOMEX, OYEBHIHO, MOXKHO PAacCMaTpPUBATh Kak
YaCTHBIN ciydail oOImell 3aaun aJaliTHBHOTO KOPPEKTHPOBAHUS MCKAXEHUH BHOCUMBIX KaHAJIOM pacHpOCTpaHEHUS.
[Ipu yueTe GpU3HMUECKN PE30HHBIX MPEIIOIOKEHIA 0 CTPYKType KaHajla, CUTHANI HA IPUEMHOM aHTEeHHE MPEACTaBISIeT
co00i1 TMHEHHYI0 KOMOMHAITMIO Pa3IMYHBIX Bepcuil (Jiydel) mepemaaBaeMoro CUTHaa, IPH dTOM KaKIBIH JTyd UMeeT
CBOI0O BPEMEHHYIO 33JIepKKy. B 3TOM ciygae JOCTaTOYHO JIETKO MOKa3aTh, YTO IMepemaTodHas (QyHKIHS KaHajia
pacIpoCTpaHEHUSI MEXIY IMEpeJaTINKOM W IMPUEMHHKOM MOXKET OBITh TOYHO MpPEICTaBICHA KaK IepeaaToOdHas
¢yukus KUX-pumstpa ¢ qocrarouno 6oipmuM mopsakoM M . Llens amantuBHOTO (DMIBTpa B 3TOM CiIydae — 3TO
00paboTaTh MPUHIMAEMBIA CHTHAJd TakUM 00pa3oM, YTOOBI KOMIICHCHPOBATH MU KOPPEKTHPOBATH HCKAKCHUS
BEI3BaHHEIC Cpenoi pacmpoctpaneHus. [lepemaTounas (QyHKIUS KOMICHCAIIMOHHOTO (uibTpa, H(z), MoKHA OBITH
BEIOpaHa Tak 4ToOBl P(z)H(z) = 1, tne P(z) — mepenaTtouHas (yHKIUS KaHAIa pacIpoCTpaHEHHs. B 3ToMm ciyuae
obecrieunBaeTcst MOJTHAsT KOMIICHCAIUS MAapa3WUTHBIX JIyded (KOHEYHO, JUIS CITydas OTCYTCTBHS COOCTBEHHBIX
mrymoB). Ho ecnm kaHan pacmpocTpaHeHHUs MOXeT OBITh MpencTaBieH kak Hekuil KUX-punbtp, TO 0Y4eBUIHO, YTO
ONITUMAJIHbHBI KOMITCHCAITMOHHBIH (UIBTP €CTh (QUIBTP C OSCKOHEUHOW HMIYIbCHON xXapaktepuctukon (BUX-
¢bunpTp). 3amerum, uTo BUX-GUIbTpsl HA3BIBAIOTCS TaKKe PEKypCUBHBIMH (GuiabTpaMu. OUeBHIHO, YTO U3BECTHBIN
OTIOPHBIN CHTHAJ JOJDKEH HCIIONIB30BaThCA Ul HACTPOMKHM MapaMeTpoB aJalTHBHOTO PEKypCcHBHOTO ¢uibTpa. B
HICaTbHOM Clydae B KadeCTBE ONOPHOTO CHTHAJa JOJDKEH HCIIONB30BaThCA JIMOO IeperaBaeMblii CHTHAN, JHOO
CUTHAJI CWJIFHO KOPPEIMPOBAaHHEBIN ¢ mepeaaBaeMbiM. OTHAKO, BO MHOTHX MPWIOKEHUSIX HEBO3MOXKHO alpHOPHOE
3HaHHUE TepeaaBaeMoro curHaiga. B Hacrosimee Bpems, B cHCTeMax MOOWIBHOW CBSI3M B Hadayle KaXKAOH MOCBUIKH
HCTIONB3YIOTCS  U3BECTHBIC OOYYAIONIME TOCICAOBATEIbHOCTH. Llenblo HAcTOSAMIET0 COOOIICHUS — SBISETCS
JIEMOHCTpANus BO3MOXHOCTH WCIONIb30BaHMs amanTuBHOro BUX- ¢uubTpa B 3amavyax CBS3M W HICHTU(DUKAIMA
MHOTOJYYEBOTO KaHaja pACHpPOCTPAHCHHS Jake B CIy4ae OTCYTCTBHS CHTHajda CHJIBHO KOPPEIMPOBAHHOTO C
MTOJIC3HBIM JIHOO 00YYAIOMIeH TOCIIeI0BATEIBHOCTH.

IIpuHUMaeMbIil curHAN GOPMUPYEMBIl KaK COBOKYITHOCTD MPSIMOTO CHTHaNa U L-1 OTpaskeHHBIX MOXET OBITh
3ammMcaH B BUIE

-1
x(n)= EE)OUS(”—SI )+n(n)

. N 2
3neck s(n) - mepenaBaeMbld MNONE3HBIH CUTHAN C MHTEHCHBHOCTBIO O, X(n) - CHTHall Ha BBIXOJE KaHala

. . 2
pacnpocTpaHeHus, U 1)(n) - COOCTBEHHBI HE3aBUCHUMBIH IIyM KaHala PaclpOCTPaHEHHS C MOIIHOCTBIO O .

IMapametpel Of; u o ;, ABIISIOTCS NOCTOSIHHBIMM B CIIyda€ CTaTHYHBIX OTpakaTeled, HO MOryT CTaTh (YHKLUAMH

BpPEMEHHM JUIl JBWKYIIMXCS paccemBatened. lVneanpHas (Oe3mrymoBod ciydail) mepenarodnas (QyHKIMs KaHana
paCHpOCTpaHeHI/IH 3aIIUChIBACTCS B BUJIC
L-1 5
P(z)=Yoz " (1)
=0

Paccmorpum pekypcuBHBIN amantuBHbId (uieTp. Bo BpeMeHHOH oOmacté Takoil QuibTp onmchIBaeTcs
CJICAYIOILUM COOTHOUIEHUEM MEXy BXOAHBIM U BBIXOAHBIM CHUTHAJIAMU
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N Np
)’(n)=kgoak(n)x(n—k)+l§,0bk(n)y(n—k)

Benuuunel 4, Ha3bIBaIOTCA KOd((hUIUMEHTaMU OPIMOH, a bk - k03¢ puumeHTamMu 0OpaTHOIt CBA3M.

3aMeTuMm, 4TO IepeaaTodHas XapaKTepUCTHKA TAKOTO (IIIBTPA 3aIHCHIBACTCS B BUIC

Ny

z ay Z_k
H(z)={E—— )
Z bk Z_k
k=1

U3 cpaBHenust (1) u (2) o4eBUAHO, 4TO BCe KOIPPHUIMEHTHI IPSIMOM CBS3U MOTYT OBITh TOJIOKEHBI PABHBIMU
HyIIO0 elle o Mpolecca ajanTaluu, KpoMme d,, KOTOpBI nomkeH ObITh paBeH enuHuue. Jlanee Mbl Oynem

paccMaTpuBaTh CIydail Tak HA3bIBAEMOM pa3penraeMoil MHOTOJIYYEBOCTH. DTO 3HAYHT, YTO BPEMS 3aJEPKKH MEXKIY

Pa3NUYHBIMHA JTy9aMH JOJDKHO OBITH OOJbBIIE YeM BpeMs KOPPEISIUH CHUTHaNA (T.e. OTACNBHBIC Y9I pa3periaeMbl B

KOPPETSAIIMOHHOM CMBICIIE). 3HaUYeHHE ONTHOKM B MOMEHT OTCUETa 7 MOXKET OBITh 3aIliCaHa B BUIE

gn)=d(n)=y(n)
Jnst HacTpOWKM BecOBBIX KO3((UIMEHTOB MbI OyAeM HCIOJIb30BaTh MIMPOKO-M3BECTHBIH TI'PaJUEHTHBIN

ANTOPUTM MUHUMH3AIWH cpenHekBanparnaHoi omroku (CKO) (cM., Hanpumep [4])

Kak oTMedanocr BEIIIE WCHOJB30BAHHE AITOTO ajlropurMa TpeOyeT 3HaHUS OMOpPHOrO curHama. Jlamee MBI

PacCMOTPHM JIBE BO3MOYKHOCTH BBIOOpa M CpaBHUM 3(PPEKTUBHOCTH PabOTHI

1. Cumyuaii, xorga B KadecTBE OIOPHOTO CHTHAlla BO3MOXKHO HCIIONIB30BaTh CaM IepelaBaeMBbIii WM CHIBHO
KOPPENUPOBAHHEIA C HHAM (K 3TOMY CIIy4al0 OTHOCHTCA TakKke HCIIONB30BAaHWE W3BECTHBIX O00yJarommx
mociuenoBarenpHoCTel). Torma m B mporecce afanTaldy BBIXOTHAS OMMOKA MOJDKHA CTPEMHTCS K HYIIO H
BBIXOZIHOW CHUTHAJI €CTh OLICHKA TIepejaBaeMOro CUrHaja.

2. Korma HeT BO3MOXXHOCTH HCIOJIB30BAaTh B KauyecTBE OIOPHOTO cuUrHanma s(n). B aToMm ciydae mpenaraercs
UCIIONIB30BaTh B Ka4eCTBE OMOPHOTO CUTHajla MPUHMMAaeMBbI CHTHAN . Torzma B Ipollecce ajanTalyyd BBIXOHAS
ommOKa U Oy/IeT OLICHKOI IepeiaBaeMoro CurHaa.

Jdnst  neMoHCTpanuu paboOTOCIIOCOOHOCTH IMPEAJIOKEHHOTO alropuTMa OBUT IIPOBENEH psi  YUCICHHBIX
9KCTIepUMeHTOB. CTOXAaCTHYECKHH IIOJIC3HBI CHTHAJI S(n) OBUI CreHEpUpPOBAaH IyTEM OHITOJSIPHOM (QUIbTparun
oemoro myma. [lepenaTounas XxapakTeprUCTHKa KaHaIa pacpocTpaHeHus Oasia BEIOpaHa paBHOM

P(z)=1-0.7z"*+03z7
Hopsinok Mozxenupytomero ¢uibrpa 6bu1 paser 10 (N, =10). B nonesusiit curnan 6bu1 goGasieH Geblii

rayccoBblii myM. OTHOIIEHHE CUTHAI-IIYM ObUTO BeIOpaHo paBHbIM 20 dB. ITapamerp cxomumoctu pasHsuics 0.0005
W YHCIIO UTepalui s cXomuMocTH Obu1o BeIOpaHo paBHbIM 20000. KauecTBO pabOTHI OIEHWBAIOCH IO TOMY,
HACKOJIBKO TOYHO TIOJNIOCa MEepPeAaTOYHON XapaKTePUCTHKH MOJICIUPYIOMETO (QHIBTPa COOTBETCTBYIOT HYIISIM
MepeIaTOYHON XapaKTepUCTHKH KaHajla pacrpocTpaHeHus. Ha puc.l mokazaHo TmoiokeHWE HyJed (QYHKIHA |
Ha4daJIbHOW TOJIo’KeHue MmotocoB GruibTpa . Ha puc.2,3 mokazaHbsl OKOHYATEIbHBIE (TOCTIE afanTaIui) MOJI0KEHIS
TIOJTFOCOB TIePEeNaTOYHON (PYHKIIMK aAalTHBHOTO peKypcuBHOTO (prbTpa mist cimydas 1 (puc.2) u ciydas 2 (puc.3). U3
9THX PUCYHKOB BHHO, YTO TIOJIOCA CXOJSITCS B IPOLIECCE aIaNTallMK K HYJISIM TSI 00OMX CITydaeB.

3aMeTuM, 4TO Takas KOMIICHCAIAS MHOTOIYYEBBIX 3((PEKTOB MOXKET OBITh JOCTUTHYTA JIMIIb B CIyYae €CIIH
KaHaJI PaclpOCTPaHCHHS UMECT MHHUMYM (ha30BOW XapaKTCPUCTHKH, T.C. €CIIU HYJIH MEePEeIATOYHON (YHKIMY KaHAJIa
JISKAT BHYTPU CAMHUYHON OKPYKHOCTH. ECITU 10 HEKOTOPBIM MPUYHUHAM OTPaKCHHBIN CHTHAN CHJIBHEE, YeM MPSIMOI,
TO HYJIM OKa3bIBAIOTCS BHE CAMHUYHOW OKPYKHOCTH M aIaNTHBHBIA PEKYPCUBHBIA (UIBTP IS KOMIICHCAIIUH TOrO
HyJs JIOJDKEH MMETh IIOJIOC TaKKe BHE CIMHUYHOM OKPYXHOCTH. KOHEUHO, 3TO HeXenaTelbHO, ITOCKOJIBKY
JUTNTETIbHOE HAXOXIEHHE IOJII0Ca BHE CIMHHYHOW OKPY)KHOCTH MOXKET HPUBECTH K HeycToiiumBocTH (QuiasTpa. B
MIPUHITATIC, JJIS YCTPAHEHHUS TAKUX HEXeJaTelIbHBIX 3(p(PEeKTOB MOXKHO BBECTH HEKOTOPHIE OTPAaHUYCHISI HAa TIOBEICHNE
¢$unbTpa.

Pa6oTa BrimonHeHa Tpu puHAHCOBOW Moanep:kke PODU (rpantsr NeNe 99-02-16401 u 00-02-17602).
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The concept of adaptation in digital filtering has proven to be a powerful and versatile means of signal
processing in applications where precise a priori filter design is impractical. For the most part, suchsignal processing
applications have relied on he well-known adaptivefinite impulse response (FIR) filter configuration. Consider the
problem of correcting or compensating for signal distortions introduced into a radio signal which encounters
multipath propagation effects. The signal sensed at the receiving antenna is, under reasonable assumptions, a linear
combination of variously delayed versions of the transmitted signal. Moreover, it can be shown that for large enough
filter order M, the transmission path between transmiter and receiver can be accurately represented as an FIR filter.
The objective of the adaptive filter in this case is to process the received signal in such a way as to compensate or
correct for the propagation-induced signal degradation. The transfer function of the compensation filter, H(z), should
be chosen so that P(z)H(z)=1, where P(z) is the transfer function of the propagation channel. If this can be done, the
compensation is complete (for no noise situation) and y(n), the output estimate, exactly equals s(n), the transmitted
signal. But if the propagation path is well represented by an FIR filter, we might expect the optimal correction filter
H(z) to be an infinite impulse response (IIR) filter. This is exactly the case,and moreover, if H(z) is restricted to being
an FIR filter, the order M required to attain a given compensation performance is generally much higher than that of
the proper IIR filter. The received signal is then filtered adaptively to compensate for the "channel" filtering and to
restore the original wavefront. The compensated output is then processed (e.g. demodulated) in the conventional way
as though no degradation had occurred.
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It is clear that the algorithm above requires that a known training sequence d(n) must be used to adjust the
filter parameters. In ideal case d(n) must be equal s(n). However, it should be noted that in the majority of applications
it is either impossible or very difficult to use a training sequence as desired signal. The main objective of this
communication will be demonstrated the use of adaptive recursive filter with respect to the areas of system
identification and multipath channel enhancement in the case of absense of the desired signal.

The received sign%l_ic( n) formed by the convergence of direct path and L-/ reflections can be expressed as

x(n)=l§)0c,s(n—5, )+n(n)

where s(n) is the transmitted signal with intensity O and 7(n) is the thermal independence noise. The parameters

o, and 6] ; will be constant for static scatterers but become functions of the time for moving reflectors. The ideal (no

thermal noise case) channel transfer function is given by
L-1

P(Z): ZOCZZ_SZ
=0
The input-output relation of a recursive adaptive digital filter is given by

Ny Np
yn)=d ay(n)x(n—k)+ b (n)yn-k)
k=0 k=0
where y(n) is the filter output signal, a, (n) (bk (n)) is the n-th value of forward (backward) filter coefficient. The

processor considered in this paper deals with resolvable multipath. This is tantamount to a requirement that the
transmitted bandwidth B exceed the reciprocal multipath delay time, i.e.

B> forany [ # k.

l k
The instantaneous error can be expressed as
gn)=d(n)-y(n)
The filter output is compared with desired output and the difference is used to modify the filter's parameters
to improve the agreement between y(n) and d(n). In the case of recursive adaptive filters it has been shown that the

surface representing 8(71)2 versus all the coefficients a, and bk is not quadratic. Hence, we shall assume that local

minima exist in this error surface. Clearly, such an assumption enables the use of the method of steepest descent with
respect to recursive adaptive digital filters also. In that communication, an adaptive mechanism is developed based on
the minimization of the mean-squares output error using a gradient similar to that of Feintuch (1976). It is clear that
this algorithm requires that d(n) be known. We will consider two cases of the desired signal.

1. When the desired signal is available. The classical approach is to use the transmitted signal s(n) as desired signal
(d(n)=s(n)). Then after adaptation the error has to decrease to zero (€(n2) — 0) and output signal y(n) is the estimate
of the transmitted signal.

2. When the desired signal is not available. In this case we suggest to use the received signal x(n) as the desired signal
(d(n)=x(n)). Then after adaptation the error signal is the estimate of the transmitted signal (€(n) — s(n)).

To demonstrate the performance of the suggested processor, a number of simulations were conducted.




