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Pedepar. [Ipennaraercs naker nporpamm, npeAHa3HAYCHHbIH A1 MOACIUPOBAHUS M OLECHKU 3()(EKTUBHOCTH AITOPUTMOB aJallTHBHON
miudpoBoll GUIBTpaLM B CHCTEMax CBS3U ¢ mrymononoOHeiMu curHaitamu (IUIIC). ITaker mporpamMM HO3BOJSIET NMPOMOAEIHPOBATH PaboTy
AITOPUTMOB aJaNTAlNH, OLEHUTH 3(PEKTHBHOCTD aganTUBHOrO Iudposoro ¢pmieTpa B npuémuuke LIIIC, a Tarke YCKOPUTH HPOLECC OTIAAKU
AITOPUTMOB aJaNTaluH IPH UX peaan3aluy Ha MUKpompoleccopax cemerictBa TMS 320. ITaker peanusosan B Turbo Pascal 7.0 u Delphi 4.0.

BBEJIEHUE

B COBpeMEHHBIX PaIMOTEXHUYCCKHX CHCTEMax (paJHOCBSI3H, PAJMOJIOKALNY, PAJAMOHABUTAIUN) LIHPOKOE
MIPUMEHEHNE TOJIyYHIIN CioKHbIe mrymononoOHsie curnans! (ILUTIC). IIpuém LITIC, kxak npaBuio, OCyIIECTBISETCS
Ha (oHE KOMIUIeKca MoMex: (QIIyKTyaunoHHoOro Iuyma (Oenblii rayccoBckuid mrym - BI'II), y3komosiocHbIX,
HMIYJIBCHBIX TIOMeX ¥ Ap. MeToasl npuéma WHPOPMALUHU PU HATHYHH TIOMEX Pa3HOOOpas3HbI U MpHUBEACHHI B [1-2].
KonrenrtyaipHble BOMPOCH OOpa0OTKH CUTHAJIOB C PACHIMPCHHEM CIIEKTPAa ONUCAHbI B  ()YyHIaMEHTAJIBHBIX
MoHorpadusx [3,4]. B pabotax [5,6] npuBenéH aHanu3 BIMSHHUSA Y3KOIMOJOCHBIX ToMex (YII) Ha xadecTBO mpuéma
curHajioB ¢ (a3oBoii MaHmmysued (OPMH), pe3yabTaThl KOTOPOTO TMO3BOJIAIOT CIENATh 3aKIIOYeHHe, YTO 3aada
nogasnenus YII mpu npuéme IITIC sBisieTcs akTyalTbHOM.

Pexexknus YII B cumcremax cBszu ¢ ILIIIC moxeT OBITH OCyIIECTBIICHA pPA3IMIHBIMH YCTPOHCTBAMH,
HalpUMep, AaHAJOTOBBIMH IOJIOCOBBIMH  (miibTpamMu [7], yCTpOWCTBaMHM, OCYIIECTBISIIONIAMH PEXEKIHI0 B
CIICKTPAIBLHON 00JIACTU C MPUMEHEHHUEM MPSIMOTO B 00paTHOro mpeodpazoBanus Dypbe, aJanTUBHEIME ITHPPOBBIMHU
¢unbTpamu (ALLD) [8].

B cBs3u ¢ mpakTHUECKOW BaXKHOCTBIO 3afadu mojaBiicHus YII aBTopamu pa3paboTaH MakeT MPOTpPaMM,
TIpeHa3HaYeHHBIH U1 MOJIeTMpOBaHus padoTsl u anannza spdexrusHoctd ALID npu npueme HITIC va done VII n
BI'll B mpuémuuke LITIC [8].

All® IHIIIC ocHoBana Ha wuzaee npenckazanus YII mo BxomHomy mpoueccy (BII), cocrosmemy u3
agmutuBHOM cmecu IITIC, YII wm BI'TI. VYuwurteBas, uro koppemsnuonHas ¢yakmus [IIIC wmHOTO YyKe
KoppensnuonHoit  gyrkmmm YII, To, BBIOMpas dYacTOTy OTCUETOB CO CKOPOCTBIO CJIEJOBAaHUS AIIEMEHTAPHBIX
nMmityascoB  IIIIC, momyduMm, 4YTO B BBIOOpPKaX COCTABJSAIOIMIME CHUTHalma OyayT cinabo KOppelTupoBaHbBI, a
cocrapisitonie  YII CHIIBHO KOppeNMMpoBaHBI. YKa3zaHHOE pasimdue KoppemsauuoHHbix cBoicte ILIIC u VYII
103BoJIAET Nporuo3upoBath YII, a 3atrem Beruntath ux u3 BII.

TexHuueckn JaHHBIE Tporeaypbl ocymecTBisiiores All®D. B mpomecce amanramuu  GpopMUpyeETCs
aAMIUTUTYTHO-9acTOTHAs xapaktepuctuka (AUX) ¢unbTpa Tak, 4TO Ha YacTOTaxX, COOTBETCTRYroIMMX YII, 00Opa3yroTcs
rITyOOKHE MPOBANbBI, YTO IO3BONIseT 4YacTwyHO yramuth YII w3 BII. Ilocie pexekumu YII angutuBHAsS cMech
TI0JIE3HOTO CUTHAJIA U IITyMa MOJBEPraeTcsl KOppeALHOHHOH 00paboTke.

ALI® cocTOUT M3 MPOTPAMMHPYEMOTO (HIBTPA U aNTOPUTMA aalTallui. PaccMaTpUBAIOTCS JBa OCHOBHBIX
TUNA TPOTPAMMHPYEMBIX (QHUIBTPOB: QUIBTPHI ¢ KOHEYHOH HMMITYITBCHOW XapaKTEPHCTUKOW Ha JIMHUU 3alICPKKU C
OTBOJAMH U (HUIBTPHI PELIETYATOH CTPYKTYpHI [8].

AnroputMmbl amantanud u Metonsl aHanmmza dddektuBHOCTH AII® B mpuémumke IIIC Gasmupyrorcs Ha
MHPOBBIX M OTECUECTBEHHBIX paszpaborkax [8]. g HamwcaHus NporpaMM TEHEpalid CUTHAJIOB HCIOJIL30BaJIVCh
pe3ynbTaThl u3noxeHusie B [10-13].
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1. OBIASI XAPAKTEPUCTUKA ITAKETA

[Taket nporpamm peann3oBaH B IByX BapuaHTax: IEPBbIi - Ha sA3blke nporpammupoBanus Turbo Pascal 7.0,
BTOPOI - B 00BEKTHO-OPUEHTHPOBAHHOM cpene nmporpammupoBanust Delphi 4.0. ITaket mporpaMM conep KuT:

- mporpammy, Momenupyomyo BIl, mnpencraBmsromuii co0oi  aJIUTUBHYIO CMECh IIOJIE3HOTO
mymoniogo6Horo currana, bI'IT n VTI;

- MporpamMMmy, MOJeNupyromyoo pabdory amroputmoB amantanmuu KUX-GuibTpoB Ha IHHHH 3aAEPKKHA C
OTBOJIaMU U (DUIIBTPOB PEIICTUYATON CTPYKTYPHI;

- mporpammy aHanu3a dpQektuBHoct AL[D;

- IPOTpamMMy, KOTOpast BKIIFOYAeT B CEOS:

- CEpBHUCHBIE MPOTpaMMbI Ul OTJIAIKH ITOPUTMOB aJalTallii MPU HUX pPeaTM3alid Ha MHKPOIPOLECCOpax
cemeiictBa TMS320;

- TpOrpaMMy, PCATM3YIONIyI0 ANTOPUTM aJalTallii, HANWMCAHHYI0 HA s3BIKE acceMOnepa OIHON W3 BepcHid
MuKporporieccopa TMS320;

- IpOrpaMMy - CHMYJIATOP JaHHOHW BEPCHN MHKPOIIPOIIECCOPa;

- MpOrpaMMy pacueTa BIUSHUS IIyMOB kBaHToBaHUs BII 1 mapameTpoB ¢puibTpa Ha kKauectBo ALLD.

s Toro, 9TOOBI YaCTOTHBIE XapaKTEPUCTHKH PA3IUYHBIX (MIBTPOB OBLIO JeTYe CPaBHUBATH IPYT C APYTOM
yactoty ® = 27f (rae f- yacrora B I'll) HOPMUPYIOT, HO3TOMY f Clie/lyeT BhIOMpATh U3 poMexkyTka [0;0,5].

Ha mapameTpsl, mcmoip3yemble NpH pacdérax, HAKIAIBIBAIOTCS OTPAaHUYCHHS, KOTOPBIE OIPENEeNIIOTCS
rmapaMeTpaMH KOMITBIOTEpa M MOTYT OBITH JIETKO M3MEHEHBI B 3aBUCHMOCTH OT TEXHHYECKHX XapaKTepHcTHK DBM.
Pesynpratel paboTHl IPOrpaMM 3alHCHIBAIOTCA B (il M O JKETAHWIO TI0JIH30BATENs BBIBOAATCS HA DKPaH B BHIE
rpaguKoB.

(Havarno }>{ BuiGop pexuma (VS): 1 - (BLLI+YM) 2 - (BLLHYMHLIMNC) |>-{ Bson aaHbIx |

Ha *
eHepupoBaHue YT |<—| eHepupoBaHue BIil |

Hert!

| Tenepuposanue BMM |-—>| 3anuce B paiin |

eHepypoBanue LLMC I—*
KoHew

Puc. 1

2. MPOI'PAMMA MOJEJINPOBAHUSA BXOAHOT' O ITPOIECCA
Iporpamma npennasHadena st moaenuposanus BIT x(t), mpeacrasnsioniero coGol aauTHBHYIO CMECH

nonesworo 1LIC S(t), YII J(f) m Briul n(t). Ha puc. 1 usobpaxkena ykpylnHeHHas O6JOK-cxema

gynkunonuposanus mnporpamMbl. [lporpamma pabGoraeT B aByx pexumax: BIT Xx(t) = J(t)+ n(t), BII
x(t) = s(t)+ J(t) + n(t).

3. INIPOTPAMMA MOJEJINPOBAHUSA AJITOPUTMOB AJAINITAIIMN U PACYETA
YACTOTHBIX XAPAKTEPUCTHUK AJAIITUBHBIX IU®POBLIX ®PUJIBTPOB

Iporpamma npeHasHauena s redeparmu BII, pacuera cnekrpansroil momuoctu ( S(f)) BII, pacuera

BecoBbIX kod(pduimenToB (BK) KUX-GmibTpoB, pealn30BaHHBIX Ha JIMHUHU 3aJeP>KKH ¢ OTBOJAMH B K03 pHImeHTOB
OTpakeHHs Il GUIBTPOB PEIIETUATON CTPYKTYPBI, TOCTPOSHHS YACTOTHBIX XapaKTEPUCTHK: aMIIUTYAHO-4aCTOTHON
(AUYX) n ¢azoBo-yactotHoi (PUX) mis KUX-punbTpoB M mpeickasblBaioliell BeTBUM (HIbTpPAa peLIeTYATOMN
cTpyKTyphl. Ha puc. 2 npencrasiiena 010K-cxeMa padoTHI TPOTrpaMMBl.

B mporpammy BiimoueHsl crenyrompe anroputMsl aganrtamun ait KUX-(unbTpoB: HamMeHBIIMX CpeqHUX
kBazparoB (HCK), JleBuncona, bepra, anmroputM bepra ¢ pekyppeHTHBIM NepecueToM 3HaMeHartesst; i (HIbTPOB
penieTyaTtol CTPYKTYypbl: TpaaueHTHbIH amroputM (I"APC) u pekyppeHTHbBI aJropuTM HaMMEHBLIMX KBaJIpaToB
(PAHKPC).

[Haqano]->| dopmupoBaHue BN |—>| Pacyer Bl |
A

| Pacyer AYX n oYX |<—-| PacyéTt BK |
A

| Pacqu' BoeixI |—>|Pacqu BbixI |

Bbi6op
HOBOTO
anroputma

BbeiBog rpacdukos |

MoBTOpUThL
paboTy?
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Ha puc. 3,a npexncrasnen rpaduk S(f) BII, na puc. 3,0 m3o0paxén rpapux AUX ALID, Ha puc. 3,B nokazaH
rpadux S(f) BeixIl. JlanHble pe3ysbTaThl HOMYYCHBI NPH CIEAYIOMMX napaMerpax: yucio YII paBHO Tpéwm, momexu
nepenarorest Ha yacrorax fi=0,1; 5,=0,25; £3=0,4, ¢ ammumutynamu A,;=A,=A5=81,65. B kauecTBe paciuupsrouieil CeKTp
TIOCJIE/IOBATEBHOCTH HUCTIONB3YeTCsl M-TI0CIIeI0BaTeIbHOCT 8-TO MpsaKa ¢ KOA(QQUIMEHTOM pacIIMpeHus CIIEKTpa
[=2%1=255. TIpu 5TOM OTHOIIGHME CHIHaJ-TloMeXa Ha oauH uun SNR.=-40 1b. B kauecTBe airoputMa ajganTamuu
ObL1 BEIOpaH anropuT™ HauMeHbINX cpenuux kBaapartoB (HCK), mpu ananrauuu ucnonb3oBasiocs 256 orcuéros BII.

[Haqano]——»l Bbi6op pexvma |—>| BBoa AaHHbIX |

| Pacuet A4X |<—| Pacuet BK |

| Pacuet OCIl |—>| PacueT n; |

| PesynbTaThl |<-| Pacuet P |
Ei

Ha MosTOPUTL
paboty?

Puc. 4

4. MPOI'PAMMA AHAJIN3A DO®EKTUBHOCTHU AJJAIITUBHBIX IU®POBBIX ®UJITBTPOB

[Iporpamma nmpegHa3Ha4YCHA Il aHATU3a MMOTCHIMAIbHOH ¢ dexTuBHOCTH puMeHeHust AL B npuemHrnke
LITIC. B xadecTBe KpUTEPHEB OLEHKN 3()(PEeKTHBHOCTH NCTIONB3yeTcs KOd(D(MUITMEHT BRIUTPHIMIA 1| B OTHOIICHUN
curHan-omexa (OCII) oT mpruMeHEeHNs! OTHOCTOPOHHETO H ABYCTOPOHHETO QIIBTPOB [8], a Taxke CpeaHsis
BEPOSITHOCTB ONTHOKH Ha OMT HHopManun P , KOTOpbIe pacCUNTHIBAIOTCS B 3aBHCHMOCTH OT pacrosnoxeHns YII B
CIIEKTpE CUTHaJIa, X MOIHOCTH U JIPYTHX XapakTepucThK Ha puc. 4 n3o0paxeHa 6J10K-cxeMa pabOThl IPOrpaMMBI.
Ha puc. 5,a n3o6paxxénsl rpaduku koadduirenra BEIMTpoIIa OT IPUMEHEHHUS OTHOCTOPOHHETO (QHIbTPa (KpUBast
i=1) u nBycTOopoHHero ¢punbTpa (KpuBas i=2) B 1b, a Ha puc. 5,0 rpaduKku BepoSITHOCTH OMIHOKHN Ha OMT (kpuBas i=0,
B CIIydae OTCYTCTBUS (pribTpa, KpuBas i=1 mpu NpUMEHEHHH OJHOCTOPOHHETO (pHiIbTpa, KpuBas i=2 MpH
MIPUMEHEHNUH JBYCTOPOHHETO (GUIIHTPA) B 3aBUCUMOCTH OT OTHOIICHHUS CUTHAJ-Y3KOTOJ0CcHas Tomexa S/J B 1b.
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5. IPOI'PAMMA PACYETA BJIMAHHUA IIYMOB KBAHTOBAHHSA BXOJHOI'O IMTPOIIECCA
U IIAPAMETPOB ®HJIbTPA HA KAUECTBO AJJAITUBHOM IIU®POBOI ®UJIbTPALIAN

IIporpamma mpenHa3Ha4yeHa Uil OICHKH BKJIAa IMyMOB KBAaHTOBAHWS B M30BITOYHOC 3HAYCHHE CPEIHETO
kBajgpata ommOku (CKO) crnemyrommx BeTWYMH: MHUHUMaidbHOW ommOku mporHo3a YII, mryma kBantoBanus BII,
nulyMa KBaHTOBaHMs OTKIMKa (uibTpa, myma keaHroBanus BK ¢unbrpa. Brok-cxema paGoThl Mporpammbl
npejcTaBieHa Ha puc. 6. B pesynsrare paboThl HpOrpaMMbl CTPOSITCS 3aBHCHMOCTH BKJIaJid LTyMOB KBAHTOBAHHS:
OCTaTOYHOW OIMMOKM (KpuBas 1), BXOMHOTO curHama (KpuBas 2), oTKIvMKa (Gubrpa (KpuBas 3), 32 CU€T IIyma rpaIreHTa
(xpuBas 4), 3a CYET 3ama3bIBaHUs BECOBBIX KO PHIMEHTOB (KpUBas 5), 0OIIEro IryMma BeCOBBIX KOG GHIEHTOB (KpHBas 6),
pe3yJIBTHpYIOIIET0 (KpuBast 7) OT YacTOThI PACIONOKEHHUsI CHHYCOMIABHON TOMEXH pHC. 7,8 M MapameTpa CXOIMMOCTH

aNropUTMa afaITaIyy Ll puc. 7,0.
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6. CEPBUCHBIE IMPOT'PAMMBI JJIsI OTJAAKU AJITOPUTMOB AJAIITAIIMUA NIPU HUX
PEAJIM3AIIMA HA MUKPOITPOIIECCOPAX CEMEMCTBA TMS320

Muxkpomnporneccoprast peanmusaius AlLl® Bxmogaer B cebs aHamoro-nudpoBoil M 1U(PO-aHATOTOBBII
unTepdeiic, MuKpomporieccop IHMPPOBOH 0OpabOTKM CUTHAJIOB MW TpOrpaMMy Ha sI3bIKe accembiepa
MHKPOIIPOIIECCOpa,  PEATM3YIOIIYI0 QJTOPUTM  ajanrtamud. J{mg ommagkd  acceMONEpPOBCKHMX — IPOTPaMM
MuKpotporeccopa cemerictBa TMS 320 d¢upmoit Texas Instrument pa3paboTaHBl CTaHIAPTHBIE OTIAIOYHBIC
cpeacrtBa. OmHAKO JaHHBIX CPEICTB HEIOCTATOYHO JJIsI OTJIAJAKH acCeMOJIEPOBCKUX IPOTPAMM, PEalTH3YIOIINX
AITOpUTM afanTanuu u nudpoBoit GuwibTp. [103TOMY HOMONHUTEIBHO K CTAHAAPTHOMY OTIAIOYHOMY KOMILICKCY
J0OABIICH PsiJi CEPBUCHBIX POTPAMMHBIX MOJIYJICH, OOBbEIMHECHHBIX B OJJHY CUCTEMY.

I'maBHas nporpamMa ¢ umeHeM TMS, peamu3yer CBsI3b BCEX NPOTPAMMHBIX MOJYJIEH B CIMHBINA
MPOTPAMMHBIA KOMILUICKC M OCYIIECTBIIICT IHANIOT C IoJib3oBaTeneM. Ha puc. 8 m3o0pakeHa yKpymHEHHas OJOK-
cxeMma (pyHKIIMOHUPOBAHUS JAHHOU TPOTPAMMEBL.

B mpomecce pabotel mporpamma TMS 3amyckaeT cHMyISTOp - MPOTPaMMHYIO MOJETh MHKpOTpoIleccopa
cemeiictea TMS 320 Cumynstop (mporpamma SIM) ucmionb3yer:

- 3arpy3049HBIA MOJYJb POTPAMMBI, pealn3yIoniei Ha s3bike accemoOniepa AIID: anropur™m agantanmn HCK
" GUIBTP Ha JTUHWUH 3aJIePKKH ¢ oTBoAamu (rmporpamma LMS.ASM);

- BII nns puibTpa, mpencTaBieHHbIN B BHIe ¢aiiia JaHHbIX B 16-i1 cucTeMe CUHUCIICHHUS.

IIporpamma TMS nerko aganTupyercs K pa3JIMuHbIM BEPCHIM CUMYJISITOPOB MUKPOIIPOIIECCOPOB CEMENCTBa
TMS 320 ¢ ucoIBp30BaHIEM aCCEMOIEPOBCKUX MPOTPAMM JJIsi MUKPOIPOIIECCOPOB TAHHOW BEPCHU.

B kauecTBe mpumepa paccMaTpuBaics CIIy4dai, KOrJa Ha BXOJ NMPHUEMHOTO yCTpoiicTBa moctymaet BII,
npeacrapistonuii aanutuBHyto cMech BI'TI, tpex VII ¢ wactoramu f1=0,1; f>=0,25; f3=0,4 U 0OAMHAKOBBIMH
ammuutygamu A =A,=A;=81,65, IIIIC, peanuzoBanHoro B BuAe M-MOCIENOBATENLHOCTh §-T0 TMpsIKa C
kodddurmenTom pacmmpenus crnextpa L=2%-1=255. PesympTaThl aHaiOrMuHBl rpadUKAM  H300PAKEHHBIM
TIOJTyYE€HHBIC B XOJI€ BBHIITOJHEHUS POTPAMMBI, O4eHb OJM3KU K TpadukaM, KOTOpbIe N300paXkeHbl Ha puc. 3.

Havano
[—J

FeHepupoBaHune
BXOOHOrO Nnpouecca

Mpeo6pasosaHue MocTpoeHue Bbluncnenue Na Ctpountsb
SHadeHun cnekTpa cnekTpa cnekTp BxoAHoro
BXOAHOTO BXOAHOTO BXOAHOTO npouecca:
npouecca

npouecca npouecca
n3 10-n cl/c P P
B 16-10 c/c

PO¢
Cumynsatop TMS 320

Bnok
dopmMupoBaHusa
3arpys3oyHoro moayns

| 3arpy3oy4Hblt Moayne anroputma LMS

p1¢ p2¢ *.LOD accembneposckux
nporpamm
dopmupoBaHue panna dopmuposaHue panna ACF4.ASM
BECOBbIX KOIM PULNEHTOB 3HA4YeHWN BbIXOAHOTO "
Al o npouecca ZAPF.ASM

Y Y

MpeobpasoBaHne BeCOBbIX
Koad dnumeHToB punbTpa
n3 10-n c/c B 16-10 c/c

Mpeo6pasoBaHue 3Ha4YeHUN
BbIXOAHOTO Npouecca
n3 16-in c/c B 10-10 c/c

Bboluncnute

A

AYX n ©4YX?

Bbluncnenne
AYX n d4YX
dunbTpa

MocTpoeHune

rpacdouka AYX

MocTpoeHue
rpacpuka dYX

Bbluncnexnune cnektpa
BbIXOAHOTO npouecca

]

MocTpoeHue cnekTpa
BbIXO4HOrMO Nnpouecca

MosTopuUTh
paboTy?

Puc. 8
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7. 3AKJIOYEHUE
B menom mpenmnmaraeMelii IMakeT MporpaMM TO3BOJISIET TpoMojenupoBath padory AIlD, omeHHTs ero

a¢pdextrBHOCTE B mpuéMHuke I[IIIC mo nBym xkputepusm: kodpourmenty soiurpeima B OCII u cpemHeit
BEPOSATHOCTH OIMMOKM Ha OHWT, a TakKe YCKOPHTH MPOIECC OTIAIKH acCEeMOJIEPOBCKMX IPOTpaMM Ha SI3BIKE
acceMOyiepa OIHOW M3 Bepcuil MUKpomporeccopa cemerictBa TMS 320. Bridbop cpembr Delphi-4.0 mo3BossieT
peanu3oBath YAOOHBIH IS MOJIb30BATENs HHTEPQEIiC U YCKOPHUTH IPoLece 00pabOTKH JaHHBIX.

el e

9.
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SOFTWARE FOR ADAPTIVE DIGITAL FILTERING SPREAD-SPECTRUM SIGNALS IN THE
BACKGROUND OF FLUCTUATION NOISE AND NARROW-BAND INTERFERENCE

Zinchuk V.M., Sosulin Yu.G., Limarev A.Ye., Goncharova Ye.l.
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Abstract. Software package intended for simulation and estimation of algorithms efficiency for adaptive digital filtering spread-
spectrum (SS) signals in communication systems is proposed. The software package allows to simulate adaptation algorithm operation, to estimate
the efficiency of adaptive digital filter in SS receiver and also to speed up the adaptation algorithms debugging process under its realization on the
basis of microprocessors of the family TMS 320. The package is realized in Turbo Pascal 7.0 and Delphi 4.0.

Composite spread-spectrum (SS) signals have found wide use in modern radioengineering systems (in the
fields of radiocommunication, radar, radionavigation). As a rule, SS-signal reception is carring out in the background
of complex interference: fluctuation noise (white Gaussian noise - WGN), narrow-band interference, impulse noise,
etc. Data reception techniques under interference conditions are different and described in [1-2]. Conceptual problems
of spread-spectrum signal processing are represented in the fundamental monographs [3,4]. The analysis of narrow-
band interference (NBI) effects on phase-shift keyind (PSK) signal reception quality is given in [5,6]. The results of
this analysis allow to come to the conclusion that the problem of NBI suppression at the time of SS-signal reception is
urgent.

NBI rejection in SS communication system can be performed by various devices such as analog band-pass
filter [7], devices for rejection in the spectrum region with using direct and inverse Fourier transform, adaptive digital
filters (ADF) [8,9].

In connection with practical importance of NBI suppression the authors have built the software package
intended for simulating the operation and analysis of ADF efficiency at the time of SS- signals reception in the
background of NBI and WGN [8].

Adaptive digital filtering is based on the idea of NBI prediction in response to input process composed of
additive mixture of SS-signals, NBI and WGN. Since the SS-signal correlation function is more narrower than the
NBI one, sample signal components will be weak correlated and NBI components will be highly correlated when
sampling rate is equal to SS pulse repetition rate.

Indicated difference in SS-signal and NBI correlations allows to predict NBI and then to withdraw them from
the input process.

Technically these procedures are implemented by ADF. In the process of adaptation at the filter frequency-
response (curve) deep notches are formed in the places of NBI components that allows partially to withdraw NBI from
the input process. After NBI rejection, the additive mixture of desired signal and noise is subjected to correlation
processing.

ADF consists of programmed filter and adaptation algorithm circuit. Two types of programmed filters are
considered: finite-duration impulse-response (FIR) filter in the tapped delay line and a lattice filter [8].

The software package is realized in two versions: the first one - in Turbo Pascal, the second one - in object-
oriented language Delphi 4.0 and consists of:

e input process simulation program;

e simulation program for FIR and lattice filters adaptation algorithms. On the basis of input process, weights of FIR
filter in tapped delay line and lattice filter reflection factors are calculated. We use the following adaptation
algorithms:

— least squares algorithm;

— Levinson algorithm based on input process sampling;

— Levinson algorithm based on accurate value of correlation function;
— Burg’s algorithm;

— Burg’s algorithm with the recursive recalculation of the denominator;
— gradient algorithm for lattice filters;

— recurrent least squares algorithm for lattice filters;

e program for ADF efficiency analysis. Mean probability of error per bit and gain in signal-to-noise ratio (SNR) are
used as criteria for efficiency estimation. The designed software is intended for per-bit error probability and gain in
SNR calculation depending on location of NBI in signal spectrum, their power and other signal and noise
characteristics;

e program which includes:

— service debugging routine for realizing adaptive algorithms on microprocessors of the family TMS 320;
— routine for adaptation algorithms realization in assembler language of one of microprocessor TMS 320;
— software simulator of this microprocessor version;
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program for calculating effects of input process sampling noise and filter parameters on the adaptive digital
filtering quality.
The constraints defined by computer parameters and changed depending on computer engineering

characteristics are imposed on design parameters. Program operation results are in the files and in accordance with
user’s desire may be displayed as graphics.

As a whole the proposed software package allows to simulate the adaptive digital filter functioning, to

estimate its efficiency in SS receiver and to speed up the process of realization in microprocessors of the family TMS
320.

Adaptation algorithms and efficiency analysis techniques for ADF in SS receiver are based on home and

abroad developments [8]. For signal generation program composition the results stated in [10-13] are used.

L=

9.
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