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BBEJIEHUE

[IpeoOpazoBanre W 00pabOTKa CUTHAJIOB OCYILECTBISETCS B CHUCTEMAaXx.
[ToHsTHA CUTHAJA U CUCTEMBI HEPa3pPHIBHBI, TaK Kak JIFOOOM CUTHAJI CYIIECTBYET B
Kakoi-muoo cucreme ero oopamenus. Cucrema oOpabOTKU CUTHAIOB MOXKET OBITH
peasim3oBaHa Kak B MarepuaibHOM ¢opMe (CrenuarbHOE  YCTPOMCTBO,
U3MEPUTEIbHBI TPUOOP U T.M.), TaK M mporpaMMHO Ha DOBM winu Ha mro0om
JIPYrOM  BBIYUCIHUTENbHOM  ycTporcTBe. CylecTBYIOT W KOMILUIEKCHbBIE
u3MepuTeabHO-BbluncuTenbubie cucteMbl (MBC), KoTopble BBIONHSIOT Kak
pPETUCTPAllMIO W TEPBUYHYI0 O00pabOTKY CHTHAJOB HEMOCPEACTBEHHO B
MaTepuanbHON (hopMe UX TMPEACTaBICHUS, TaK M MPEoOpa3OBaHHE CUTHAJIOB B
uudpoByro ¢dopMy, U TOCIEAYIOIIYIO TporpaMMHyr0 o00pabotky. dopma
peann3alry CUCTEM CYIIECTBEHHOTO 3HAUYEHUSI HE UMEET U OIpeEeNsieT TOIbKO X
BO3MOXXHOCTH MPHU aHAIM3€ U 00pabOTKE CUTHAJIOB.

YcnenrHoe BOTUIONICHUE MEPCHEKTUB Pa3BUTHUA MHHOKOMMYHUKAIIMOHHBIX
TEXHOJIOTUA BO MHOTOM Oa3zupyeTcsi Ha JOCTIKEHUSX HHU(PpOBON 00padOTKU
curHanoB (I1OC), mnpusBaHHOI pemaTh 3anayud  npuema, Q(OpMUPOBAHUS,
o0paboTku u mepenaun uHGOpPMAIMM B pealbHOM Maciitabe BpeMeHu [3].
OcymectBiienue cioxubix anroputMoB [IOC T1pebyer, B CBOI0O oOudepenp,
npuMeHeHus: 3¢ dexTuBHbIX  0a3oBeix  aiaropurmoB OC  (punbrpanumu,
CHEKTPaIbHOTO aHaTM3a M CHUHTE3a CUTHAJIOB), AKOHOMUYHO HCIOIB3YIOIINX
COOTBETCTBYIOINE TEXHUIECKUE PECYPCHI.

OcHoBHast HaywyHass mnpoOnemarnka B obmactu [lOC 3aknrouena B
pa3paboTke MmyTed MPEeoJIOJICHUs] OrPAHMYEHUNA OOYCIOBICHHBIX HMEIOIIUMUCS
pecypcamMu: BO3MOXKHOCTSIMH  DJIEMEHTHOM 0a3bl, JOMYCTUMOW BEIMYMHOU
IIPOrpaMMHO-aIapaTHIX 3aTpaT. MeTOoabl MPOSKTHPOBAHUS MHCTPYMEHTATbHBIX
cpeactB LHOC, oObenuHsIONIMEe CUHTE3 B CIEKTPaIbHOM 00JacTH MO 3aJaHHBIM
BeIMYMHAM  pabouMx TapaMeTpoB C TMPUEMaMH, YYHTHIBAIOIINMH  OTH
OTPaHUYCHWSI, TO3BOJISIIOT TONYYUTh pEHICHUS, ONM3KHE K ONTUMAIbHBIM B

CMBICJIC MUHHUMMU3AIUU PC3YIIbTUPYIOIIUX 3aTpar.
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3anaua uccienoBaHus 3G(HEKTUBHBIX aJTOPUTMOB U YCTPOMCTB LU(DPOBOIA
(GuIbTpallMM M CUHTE3a CHUTHAJIOB, 0a3upyrOLIascsd HAa MOCIECAHUX JOCTHUKEHUSIX
TEOpUH IUPPOBOI 0OPaOOTKU CUTHAJIOB, ABISETCS BECbMa aKTyaJllbHOH, TeM Oolee
YTO HAKOIUIEHHBIH ONBIT pa3pabOTKW M UCHOIb30BaHUS IU(PPOBBIX CUTHAIBHBIX
IPOIIECCOPOB CTUMYJIHUPYIOT CO3/IaHUE HOBBIX 00JIEe COBEPIIEHHBIX M MOIIHBIX
TUIIOB 3THUX MPOLIECCOPOB, B APXUTEKTYpE KOTOPBIX JOJKHBI OBITh 3aJI0KEHBI
BO3MOXHOCTH Boruomenus 3pdexruHbix anropurmon L{OC [5].

Takum 00pa3oM, B HacTOALIEE BPEMs CYILIECTBYET AKTYAJbHAsl HAY4HO-
TeXHH4YeCKas MpodaeMa COBEPIICHCTBOBAaHUS alnropurmMos u ycrporicts [IOC.

Leab HacTOSIIIEH JUCCEPTALMOHHON padoThl — aHAIU3 JINHEMHBIX CUCTEM
U CHUTHAJIOB, MOBBIIIEHUE >P(HEKTUBHOCTH JIUHEHHBIX AJTOPUTMOB M YCTPOMCTB
LOC nyreM pa3paOOTKH NpOrpaMMHBIX M allllapaTHBIX CPEACTB.

3agauu ucciaeq0BaHus
1. UccnenoBanue cBOMCTB LU(GPOBBIX (UIBTPOB U XapaKTEPUCTHK aJTOPUTMOB
HOC.
2. Pa3paborka METOJIOB M COBEPLIEHCTBOBaHMs aaropurmoB u ycrpoictB LIOC,
OIlpesieTICHNE YCIOBUM 1IE1IECO00PAa3HOCTH UX UCIIOJIb30BaHUSI.
3. Co3naHue METOAMKH NPOEKTUpPOBaHUs anroputmMoB u ycrpoiicts L[OC c¢
HaWMEHBbIIIEN ITPOrpaMMHO-aNIIapaTHON 3aTpaTou.
4. Pa3paboTka M peanu3anus METOAMK aHalM3a MPOrpaMMHOr0 OOecredeHHs U
MHCTpyMeHTaIbHbIX cpeacts LIOC.

Hay4yHast HOBM3HA:
1. Ananu3upoBaHbl JIMHEHHBIE METO/Ib 0OPaOOTKH CUTHAJIOB.
2. TectupoBaHbl  pa3NIUyHBIE  THUMBl  CUTHAJIBHBIX  IPOLECCOPOB  IIO
NPOU3BOAUTEIBLHOCTD, BPEMsI BHIITOJIHEHUE 337a4 U 00beMa MaMsTH.
3. Pa3paborana MeromuMka pacyera, HHCTPYMEHTAJIbHBIX CpEACTBA U
MPOrpaMMHOr0 oOecreueHue il MPOEKTHUPOBAHUS AJITOPUTMOB M YCTPOMCTB
[OC, ynoBneTBOPSIOUIMX KpPUTEPU MHHUMYMa I[OKa3aTelen CJIIOXHOCTH

BBIYMCIIEHUH.



IIpakTH4yeckasi HEHHOCTH

Pazpaborannbie mporpaMMHbIe MPOAYKThI ~ OOECIIEYMBAIOT  CO3/1aHUE
anmapaTtHbix cpencts LIOC moBbieHHON 3()()EKTHBHOCTH, ONTHMH3UPOBAHHBIX
[0 KPUTEPHUIO MUHUMYMa MOKa3aTeNsl BEIYUCIUTENBHOMN CI0KHOCTH.

Anpobanusi padoThl

OCHOBHbBIE TIOJNOXKEHHSI JUCCEPTAlMOHHON pabOThl JOKIAAbIBAIUCH U
O0JI0OpeHbl Ha HAy4YHO-TEXHMYECKHX KoH(pepeHumsx: HayuHo-npakTuueckas
KOH(epeHIUsl acCIUpPaHTOB, MAruCTpPOB M OJIAPEHHBIX CTYIEHTOB, I. TaIlIKEHT,
TYUT, 2008-2009r.

[yoaukanuu. [To  pe3ymbpraraMm  BBIIOJHEHHBIX VCCIIEOBAHUMN
OIMyOJIMKOBAaHO 2 TE3UCOB JIOKJIAJOB B TPYyJaX HAy4YHO-IIPAKTHUYECKOU
KOH(EpeHLIUH.

JuccepranonHas paboTa COCTOUT U3 BBEJICHHUS, YETHIPEX IJIaB C BEIBOJAMU
u cocraBisger 99 crtp, auTeparypbl u3 Oonee 34 HaMMEHOBaHWM, BKiIO4aer 42

PUCYHKOB.



I'JIABA 1. AHAJIM3 JUHEWMHBIX CUCTEM U CUTHAJIOB

1.1. UccaenoBanue CBOMCTB JJUHEHHBIX CHCTEM

be3oTHOCUTENBHO K HA3HAYEHUIO U HWCIIOJIHEHHIO CUCTEMa BCErJa HMMEeT
6X00, Ha KOTOPbIM MOJAETCS] BXOJHOM CUTHAJ WM BXOJHOE BO3JEHCTBHE, B OOIIEM
CIydae MHOTOMEPHOE, U 8bIX00, C KOTOPOTO CHUMAETCs 00paOOTaHHBIN BBIXOIHON
curHai. Ecimu ycTpoHCTBO CHUCTEMBI M BHYTPEHHHE OIEpaluu MpeoOpa3oBaHUi
NPUHIMIHAIBHOTO 3HAYEHUS HE WMEIT, TO CHCTeMa B I[EJIOM MOXKET
BOCIIPUHUMATHCS KAk  “4epHbId  AmUK’, B  (HopManu3oBaHHOM  BHUJIE.
dopManu3zoBaHHas CUCTEMa IMPEACTABISET COOOW OIpEAeNeHHbIN cucmemHblil
onepamop (JITOPUTM) MPeoOpa3OBaHUsI BXOJHOTO CUTHAJA — go3delicmeaus S(t), B
CUTHAJI Ha BBIXOAE CHUCTEMBI Y(t) — OmKIUK WIH 8bIXOOHVIO PeaKyurd CUCTEMBI.
CumBonndeckoe 0003HaYEHUE Orepaluu npeoodpazoBanus (TpaHchopMaivn):

y(t) = T[s(D)].

Cucmemnviti onepamop T - 3T0 mnpaBwio (HAOOp MpaBwWi, aJTOPUTM)
npeoOpa3oBanus curHana s(t) B curHan y(t). Jlis oOmen3BeCTHBIX oOmepanui
npeoOpa3oBaHUsl CHUTHAJIOB TMPUMEHSIOTCS TaKXKe PACHIUPEHHBIE CHUMBOJIBI
OlepaTopoB TpaHcpopManuu, TJ€ BTOPHIM CHUMBOJOM U CIEIHAIbHBIMU
UHAEKCaMu 00O3Ha4yaeTcs KOHKPETHBIM BuUA omnepamuu (kak, Hampumep, TF -
npeoGpazosarne ®ypoe, TE' - 06patHOe npeobpazosanue ypse) [1, 2, 9].

BxoaHOl cUrHai CUCTEMbI MOXKET IPEICTABIATH COO0M M - MEPHBI BEKTOP
(m BXOMHBIX CUTHAJIOB), a BBIXOAHOW CHTHAJI N - MEPHBIM BEKTOP, MPU ATOM
cuctema OyJeT WMETh M BXOJOB M N BBIXOJAOB. lIpuMmep TakoW CHUCTEMBI B
reopusrke: TpeXKaHAIBHBIA TaMMa-CIIEKTPOMETP, Ha TPH BXOJa PEIIArOIIETro
OJl0Ka KOTOPOro IOCTYIMAalT CHUTHAIBl OT KaJWEBOIO, PaJWEBOrO U TOPUEBOIO
KaHaJIOB CIEKTPOMETpPA, a Ha TPHU BBIXOJIa BBIBOJSTCS CUTHAJIBI COJIEpPNKAHUN
Kaliusi, ypaHa U TOpHS, NPU 3TOM CHCTEMHBIA ONEpaTop peaiu3yeT aJropuTM
PELIeHHs] CUCTEMBI TPEX JTUHEHHBIX YpaBHEHUH C TPeMs HEU3BECTHBIMMU.

JIns  1eTepMUHUPOBAHHBIX BXOJHBIX CUTHAJIOB COOTHOIICHUE MEXIY

BBIXOAHBIMHM H BXOAHBIMH CHUIHaJIJaMHM OJHO3HAYHO 3a4a€TCd CHCTCMHBIM
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orepatopoM. B ciydae peanuzanuy Ha BXOJAE CUCTEMBI CIIY4aHOT'O BXOJHOTO
mpoliecca TakKe CYIIECTBYET OJHO3HAYHOE COOTBETCTBUE MPOLIECCOB HA BBIXOE U
BXOJIE CHCTEMbI, OJHAKO MPU 3TOM OJIHOBPEMEHHO MPOUCXOJUT H3MEHEHUE
CTaTUCTHUYECKUX  XapaKTEPUCTUK  BBIXOJAHOIO CHUTHaJla  (MaTEMaTH4ECKOIo
OKUJIAHUsS, JUCIIEPCUH, KOPPEIAIMMOHHON (YHKIMM W TIp.), KOTOPOE TaKkKe
OIpe/IeIIIeTCsl CUCTEMHBIM ornepaTopoM [14, 18, 20].

s onpenenenusi cucTeMbl HEOOXOAMMO 3a7aTh XapaKTep, TUIl U 00JACTH
JOMYCTUMBIX BEJIWYUH BXOJHBIX U BBIXOJHBIX CUTHaNOB. Kak mpaBuiio, CUCTEMBI
BBITIOJTHSIIOTCSI HA CUTHAJIBI OJTHOTO THUIIA MO BXOJY/BBIXOAY W MOJApa3eisioTca Ha
CHUCTEMbl HEMPEPHIBHOTO BPEMEHU (AHAJIOTOBBIC WJIM JUCKPETHBIE CHUTHAJIBI Ha
BXOJI€ U BbIX0ji€) U 1IUu(PpoBbie cucTeMbl. COBOKYITHOCTh CUCTEMHOI0 oneparopa T
U IIPOCTPAHCTBA CUTHAJIOB 00pa3yeT MaTEeMaTHUECKYO MOJIEIb CUCTEMBI.

Jluneiinvie cucmemul. JIroObie TIpeoOpa3oBaHMs CUTHAIIOB COMPOBOXKIAOTCS
U3MEHEHUEM HUX CIEKTpa M MO XapaKTepy ATUX U3MEHEHUH pa3AelisitoTCcs Ha JBa
BHJIA: JIMHEHWHbIE W HEIUHEWHblE. K HEIMHEHHBIM OTHOCSAT W3MEHEHUs, IIpU
KOTOPBIX B COCTaB€ CIEKTpAa CHUTHAJIOB MOSBISIOTCS HOBBIE TapMOHHUYECKHUE
coctaBisitomiue. [Ipyu TMHENHBIX U3MEHEHUAX CUTHAJIOB M3MEHSAIOTCA aMILIUTYAbI
W/Wavu HadalibHble (a3bl TAPMOHMYECKUX COCTaBIISIIOIIUX crekTtpa. Oba Buua
U3MEHEHUM MOTYT MPOUCXOAUTH KaK C COXpAaHEHUEM IO0Je3HOM MH(pOpMaIuH, TaK
U C €€ HMCKa)XXEHHEM. DTO 3aBUCHUT HE TOJIbKO OT XapaKTepa M3MEHEHHs CIEKTpa
CUTHAJIOB, HO U OT CIIEKTPAJIBHOI'O COCTaBa CaMOM MOJIE3HOW HH(OpMaLUK.

JIuHeliHble CHCTEMBI COCTABIISIIOT OCHOBHOW KJIACC CHCTEM 0OpabOTKHU
CUTHAJIOB. TepMWH JMHEWHOCTHM O3HAYaeT, YTO CHUCTeMa TMpeoOpa3oBaHUs
CUTHAJIOB JIOJDKHA MMETh MPOU3BOJIBHYIO, HO B 00s13aTEIHLHOM TOPSJIKE TUHEHHYIO
CBSA3b MEXIY BXOJHBIM CHUTHAJIOM (BO30Y)KIIEHHEM) W BBIXOJHBIM CHUTHAJIOM
(oTkiuMKOM). B HeNMMHEHHBIX CUCTEMaxX CBS3b MEXKIY BXOJHBIM U BBIXOJHBIM
CUTHAJIOM OIPEEseTCs MPOU3BOIBHBIM HEJTUHEUHBIM 3aKOHOM.

Cuctema cuurtaeTcsl JIMHEHHOM, €ClIM B Tpe/eiaX yCTaHOBJIEHHON o0jacTu
BXOJIHBIX M BBIXOJIHBIX CHUTHAJIOB €€ PEaKIMs Ha BXOJIHbIC CUTHAJIBI aJIIUTHBHA

(BBIHOJIHSIGTCH IIPUHOUIT CYIICPIIO3UIUN CI/IFHaJ'IOB) U OoaHOpOAHA (BBIHOJ'IH?IGTCH



OPUHIIMI TPONOPLUHUOHATBHOTO MOJ00US).

[lpunuun adoumuenocmu TpeOyeT, UYTOOBI peakius Ha CYMMY JIBYX
BXOJIHBIX CHUTHQJIOB OblJa paBHa CyMME pEaKIMil Ha KaXIbli CUTHAI B
OTZEIBHOCTH:

Tl[a(t)+b(t)] = T[a(t)]+T[b(t)].

[IpuHLIMIT 00HOpOOHOCMU WM TPONOPLUOHAIBHOTO MoAo0us Tpedyer
COXpaHEHUs! OJHO3HAYHOCTHU MaciiTaba mpeoOpa3zoBaHus MPU JHOO0M aMIUIUTY/E
BXOJIHOT'O CUTHAJIA:

T[c x a(t)]= ¢ x T[a(t)].

Jpyrumu ciioBaMH, OTKJIMK JIMHEWHOM CHCTEMBI HAa B3BCLICHHYIO CyMMY
BXOJHBIX CHUTHQJIOB JOJKEH OBITh DPABEH B3BEIICHHOM CyMME€ OTKJIMKOB Ha
OTJIeTIbHBIE BXOJHBIE CHUTHAJbl HE3aBUCUMO OT HX KOJUYECTBA M ISl JIHOOBIX
BECOBBIX KOA()PHUIIUEHTOB, B TOM YUCJI€ KOMILIEKCHBIX.

[Ipu nporpamMMmHON peanu3aluu JIMHEWHBIX cucTeM Ha OBM  ocoObIx
3aTpyIHEHU ¢ oOecrneuyeHueM JIMHEHHOCTH B pa3yMHBIX MpeAeliax 3HAauYeHUuu
BXOJIHBIX M BBIXOAHBIX CHUTHAJIOB, KaK MpaBWiO, HE Bo3HUKaeT. [lpu pusnueckoi
(ammapaTHO#) peanu3anud CUCTeM O0paOOTKM MaHHBIX THAMAa30H BXOMTHBIX W/WITU
BBIXOJIHBIX CUTHAJIOB, B KOTOPOM OOECIEUMBACTCSA JMHEHMHOCTh MpPeoOpazoBaHUS
CUTHAJOB, BCEr/la OrPaHUYEH U JODKEH OBITh CIENUAJIbHO OrOBOpPEH B
TEXHUYECKOW TOKYMEHTAMH WIN METOJNYECKON UHCTPYKIIUH.

OcHosHble cucmemHble onepayuu. K 0a30BbIM JIMHEHHBIM OIeparusM, U3
KOTOPbIX ~MOTYT ObITh C(HOPMHUpPOBAaHBI JIIOObIE JIMHEWHBIE  OMEPaTOpPbI
npeoOpa3oBaHusl, OTHOCITCS ONEpaly CKAJIIPHOTO YMHOXEHHs, CIBUra U
CJI0’KEHHS CUTHAJIOB:

X
xk}%hxk 5]1: % o 2 %y,
TR e R YO =bx(l)
y(t) = X(t-A1),
y(t) = a(t)+b(t).

['paduueckoe 0TOOpaKeHue

Puc.1.1. I'paduxa cuctemHbIx

onepanun

onepanuii (1udposas hopma) npuBeaeHo Ha puc.1.1.
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OTMeTHM, 9TO ONEpaly CIOKEHHS] U YMHOXCHHS SBIISIOTCS JTUHEHHBIMU
TOJBKO JUISI aHAJIOTOBBIX M IMCKPETHBIX CUTHAIOB. B ciydyae mudpoBbIX CUTHAIOB
OHU JTIMHEHHBI OTHOCHUTEIHHO CAaMHUX LU(POBBIX CHUTHAJIOB, HO €CIU TMOCIETHUE -
pe3ysbTaT Olepalud aMIUTUTYAHO-IU(GPOBOro MpeoOpa3oBaHus, TO CIOKEHHE U
YMHOXEHHE HE MOKET CUUTATHCS JIMHEHHBIM a0COMIIOTHO TOYHO MO OTHOIICHUIO K
UCXOHBIM curHaiam [14, 18].

Jlis cuctem, ¢ pa3MepHOCTBIO 2 W 0oJiee CYIIECTBYeT TakKKe elle OHa
0a3oBasi omepamnus, KOTOpas Ha3bIBaCTCA OMEpaluell npocmpancmeeHHo2o
MACKUposauusi, KOTOpasi MOKET PacCMaTpPHUBATHCS Kak O0OOIEHHE CKAISPHOTO
yMHOXEHHS. Tak, A7 JByMEPHBIX CHCTEM:

z(x,y) = c(x,y)-u(x,y),
rae U(X,y) — AByMepHBIM BXOJHOM curHai, C(X,Y) — IpOCTPaHCTBEHHAs Macka
MIOCTOSTHHBIX  (BeCOBBIX) Kod(hdummenToB. IIpocTpaHCTBEHHOE MacKHpOBaHUE
NpeacTaBiusieT co00M  MO3IEMEHTHOE TMPOU3BENCHWE 3HAYCHHWH CHUTHAla C
KO3 (PULIMEHTAMH MACKHU.

Hnsapuanmnocms cucmem x cosucy. Cuctema Ha3bIBa€TCs HHBAPUAHTHOM K
CABUTY (MHBAapUaHTHOW BO BPEMEHH, a PABHO U IO JIOOBIM APYIUM apryMeHTaMm),
€ClIi CABHUI BXOJHOI'O CHUTHAaja IO apryMeHTaM BbI3BIBAET COOTBETCTBYIOLIUMN
C/IBUT BBIXO/IHOT'O CUTHAaJja:

s(x,t) = T[a(x,t)], T[a(x-Ax,t-At)] = s(X-AX,t-At).

JIMHEHOCTh W WHBAPUAHTHOCTh K CJIBUTY SBISIOTCA HE3aBUCUMBIMU
CBOMCTBAMM CHCTEM M HE OMNPEACNSIOT APYr apyra. Tak, Hampumep, omepanus
KBaJIpaTUPOBAaHMS CUTHaNIA (BO3BEIEHUA B KBajgpaT BCEX 3HAUYCHWM CHUTHAJIA)
WHBAapUAHTHA K CJIBUTY, HO HEJIMHEIHA.

B Teopum anammza um 00paOOTKH JaHHBIX OCHOBHOE MECTO 3aHUMAIOT
CUCTEMBI, TMHEeiHbIe U MHBapuaHTHBIC K cnBury (JIMC - cucremsr). OHu 001agatoT
JOCTATOYHO MIMPOKUMH TMPAKTUICCKUMH BO3MOXKHOCTSMU TPU OTHOCHTEIHHOU
IPOCTOTE MaTEMaTHUECKOro amnmapara. B manpHeiiem, eclii 3TO ClenranbHO He
oroBapuBaeTcs, OyjeM UMeTh B BUAY UMEHHO TaKUe CUCTEMBI.

[IpeumymiectBo, koTopoe otnaercs JIMC - cuctemam B MeTogax oOpabOTKU
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uHbopmany, Oa3UpyeTcs Ha BO3MOXKHOCTH PAa3JIOkKEHUS BXOAHOIO CHUrHaja
000, CKOJb YTOJHO CJIOKHOH (POPMBI, Ha COCTABIISIFOIIME MPOCTEUIINX (POpM,
OTKJIMK CHCTEMbl Ha KOTOpPbIE HM3BECTEH M XOpOIIO M3Yy4Y€H, C MOCJIEIYIOLIUM
BBIUHCJIEHUEM BBIXOJHOIO CHTHaja B BHJAE CYMMbl OTKIMKOB Ha BCE
COCTaBJISIONINE BXOJHOTO cUrHaia. B kadecTBe mpocTeHmux Gpopm pasiokeHus
CUTHAJIOB UCIOJIB3YIOTCS, KaK MPABUJIO, EAUHUYHBIE UMITYJICHI 1 TAPMOHUYECKUE
cocraBisiromne. Ilepas mnpuMeHsieTcss MNpH  IPEACTABICHWMM CHIHajga B
JUHAMHUYECKON (opMe M UCHONb3yeT NpeoOpa3oBaHUE CBEPTKU, BTOpas -
4aCTOTHOE NPEJCTaBIEHUE CUTHAJIA U NTpeoOpa3oBaHue Dypre.

Hpyroii BaxHoi ocobenHocTbio JIUC - cucteM siBasieTcst TO, YTO JII0ObIE UX
koMOuHamuu takxe sBisitorcs JIMC - cucremamu, a moOyio cinoxnyro JIUC -
CUCTEMY MOKHO Pa3JIOXKUTh HA KOMOMHAIMU MPOCTBIX cHCTeM. Tak, Hampumep,
OpH MOCJIENI0BATEIbHOM (KacKaJHOM) COEAMHEHUH CHCTEM, KOrJa BBIXOJHOU
CUTHAJI OJHOM CHCTEMBI CIY>)KUT BXOJHBIM CUTHAJIOM I BTOPOM M T.A.,
oOpaszyemas cuctema B 11eioM Takxke spisercs JIMC - cucteMoi, eciiv JTMHEHHBI 1
VWHBAapUAHTHBI K CIABUTY BCE CUCTEMBI, B HEE BXOJAIINE, IPH 3TOM 10 OTHOLIEHHIO
K 00I1el CUCTEMHOM onepanuu npeoOpa3zoBaHUs MOPAI0K COSAMHEHNS BXOIAIIMX
B HEE CUCTEM 3HAYCHUS HE UMEET.

Mamemamuueckas  mooenvb — cucmemsbl  3aae€T  CBA3b  (PU3MUYECKHX
(mMporpamMMHBIX) 3JIEMEHTOB, O0Pa3yIIIUX TEXHHUYECKOE YCTPOMCTBO, CIIOCOOHOE
BOCIIPMHUMATh BHEIIHEE BO3AeicTBUE S(t) U (POPMHUPOBATH BBIXOJIHYIO BEIHUYMHY
y(t), onpeaeneHHpM 00pa3oM 3aBUCUMYIO OT Bo3zaencTBuA X(t). B ananutuueckoi
dopMe 3Ta CBS3b B aHAJOTOBOM OJHOMEPHON JWHEHHOW CHUCTeMe OOBIYHO
BbIpaXkaeTcst TMHEHHBIM AU PepeHInanbHbIM ypaBHEHUEM:

% amm = ZN: bnM (1.1)
m=0 dt™ n=0  dt"

[Ipn HOpMUpPOBKE K a, = 1, OTCIOAA ClIeqyeT:

N n M m
VO = 20050 - 3 an V0. (1.1)

ITo cymecTBy, mpaBOil 4YacThi0 3TOr0 BBIPAXKEHHUS B caMOH oOIIei
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MaTeMaTu4eckon (opMe oToOpa)kaeTcsl ColAeprKaHHE OIepalu Npeodpa3oBaHUs
BXOJIHOT'O CUTHaJIa, T.€. 3aJ]a€TCs OINepaTop TpaHcPopmalluyd BXOJHOTO CHUTHAja B
BBIXOJHOU. JIJisi ogHO3HAUHOrO peuieHus ypaBHeHuil (1.1) moikHBI 3a/1aBaThCs
HayaJbHbIE yclIOBUs: 3HaUeHUs perieHus: y(0) U ero mpou3BOJHBIX 110 BPEMEHU B
HaYaJIbHBIN (HYJIEBO) MOMEHT BpeMeHU. B dusnueckoil cucteMe 3TH 3HAYCHUS
OTIPEIENSIIOTCS HAaYaJIbHOW SHEPTHE B DJIEMEHTaX, CIIOCOOHBIX €€ HaKaIlIUBaTh.
BxoanbiM Bo37eiiCTBUEM MOXKET OBITH MPOU3BONIbHBIN curHai. KoadduiumenTs: an
U D, KOTOpbIE ONpPEACNISIIOTCS COCTABOM M CBONCTBAMH CHUCTEMbI, JTOJDKHBI OBITH
U3BECTHBIMU.

Kak mnpaBwio, pemienne ypaBHeHusi (1.1) ckianbiBaeTcss U3 CYMMBbI
HNPUHYKIEHHOH Ypp(t) 1 CBOOOIHOM Y5(t) COCTABISIONIMX:

Y(1) = Yip() + Yea(1).

B ycroiluuBbIX cucteMax Yy.(t) ompeaensercs mnapaMeTpaMH CHUCTEMBbI
(peakuusi Ha '"ynmapHoe" BO3JIEMCTBUME — EIMHMYHBIN 'menbTa-uMmnynbc" Wid
CKa4yOK) M C TEUEHHUEM BpEeMEHH 3aTyxaeT. Eciu BXogHOe BO3/1eCTBIE JOCTATOUHO
IJIAJIKOE U HE COAEPKHUT CKA4YKOB (Pa3pbIBOB IMEPBOr'0 pojia), TO MO HCTECUCHUU
OIPENICCHHOI0 BPEMEHHU 3aTyXaHus Y (1), KOToOpoe 00BIYHO HA3bIBAIOT BPEMEHEM
MEPEXOAHOr0 MPOLIECCa, CUCTEMA MEPEXOAUT B YCTAHOBUBIIMWUCS AUHAMUYECKUN
pexxnM, a BbIXOAHOW curHan Y(t) ompemenseTrcs TONBKO 3HaueHHEM Yi,(t) u
JUHCWHO CBS3aH C BXOJIHBIM Bo3eicTBreM X(1).

AHanornyHasi MoJieJb B IU(PPOBON CHCTEMBI OMHCHIBACTCS PA3HOCTHBIMHU

YPaBHEHUSAMU:

rgo am Y((k-M)AL) = nibn s((k-nAL). (1.2)

y(KAt) = io by s((k-N)AL) - mﬁlam y((k-m)At). (1.2)

[locnenHee  ypaBHEHHME  MOXHO  pacCMaTrpuBaTh  Kak  aJIrOpUTM
MoCJIeIOBaTENbHOTO BhiuncieHus 3HadeHu y(kAt), k = 0,1,2, ..., mo 3Ha4eHUSIM
BxoqHoro curHana s(kAt) u mpenmpiaymux BBIYUCICHHBIX 3HaueHui y(kAt) mpu

M3BECTHBIX 3HAYCHUSAX KOI(PPHUIIMEHTOB am, Dy ¥ ¢ YIETOM 3aJ1aHUs OMPECIICHHBIX
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HayanbHBIX ycioBui - 3HaueHuil s(kAt) um y(kAt) mpu k < 0. HHrepsan
JTUCKpeTH3alui B IU(QPOBBIX  IMOCIENOBATETBLHOCTAX  OTCYETOB  OOBIYHO
MPUHUMAETCS PaBHBIM 1, T.K. BBITIOJIHSAET TOJIBKO POJIb MACIITAOHOTO MHOKHUTEIS.
Hepexypcusnvle  yugposvie  cucmemvl. llpu HyIeBBIX  3HAYEHUSX

Ko PUIIUEHTOB a, ypaBHeHHe (1.2') mepexoauT B ypaBHEHHE JTUCKPETHOMU

cBepTku X(k) ¢ onepatopom by:

y(K) :ngNlobnx(k-n). (1.3)

Xp

b Ty [Ipu ycTaHOBIIEHHBIX 3HAUYCHUSIX KOIP(DUIIMEHTOB
k
| bn 3HaYEHUS BBIXOIHBIX OTCYCTOB CBEPTKH JUISI JIFOOOTO
b

" "
Hiz)=byt bz Ty=boi by, | APTYMEHTA k ompenenstorcss TEKymUM M "TPOILIBIMU

3HAUEHUSIMHU BXOJHBIX OTCYETOB. Takas cucrema
Puc. 1.2. ITIpumep &

HIIC Ha3bIBAETCA HEPEKYPCUBHOM LUPPOBOW  CUCTEMOM

(HIIC). ITpumep mpocteiimeit HIIC npuBenen Ha puc.

1.2. HTEepBas cyMMHpOBaHUS IO N MOJY4YWI Ha3BaHue "okHa" cucrteMbl. OKHO
cuctembl (1.3) cocraBiasier N+1 ToOuky, cucTeMa SBISIETCS OJHOCTOPOHHEH
Kay3aJlbHOM, MPUYMHHO OOYCJIOBIIEHHON TEKYIIMMU U "TIPONUIBIMU" 3HAYCHUSMU
BXOJIHOTO CHTHajla, BBIXOJHOW CHUTHAJI HE omepexaeT BxoaHoro. KayzanbHas
CUCTEMa MOKET OBbITh peaju30BaHa almapaTHO B pealbHOM MaciiTabe BpeMEHHU.
IIpu k<n mnpoBenenne 00paOOTKM BXOJHBIX AHHBIX BO3MOXKHO TOJBKO MpHU
3a/laHUU OMpEJEJIEeHHbIX HaudalbHbIX ycimoBui s touek x(-k), k=1,2,..,N. Kak
IPAaBWJIO, B KAYECTBE HAYAJIbHBIX YCIOBUN NPUHUMAIOTCA HYJIEBbIE 3HAUECHUS WIIU
3HaueHus orcyera X(0). [IpuMeHsieTcst Takxke YETHOE WM HEYETHOE IMPOJJICHUE
¢ynkunu x(k) Ha wHTEpBan oTpunarenbHbIX 3HaueHud k. Eciam mpu obGpabotke
JaHHBIX HadallbHble MHTEpBaJbl MaccuBOB X(k) cyIiecTBEHHOro 3Ha4YeHHsI HE
UMEIOT, TO 00pabOTKY MOKHO HaUMHATH ¢ oTcyeTa k=N.

[Ipu oOpaGotke manHbIx Ha OBM orpanudeHne mno Kay3albHOCTH
CUCTEMHOr0 oIreparopa CHHUMaercs. B mporpaMMHOM pacmopsiKEHUU CHUCTEMBbI
MOTYT HaxoOAuThCsid Kak 'mpouuisie", Tak u "Oyaymue" 3HaY€HUsS BXOAHBIX

OTCYETOB, IIpH 3TOM ypaBHeHue (1.3) Oyzner uMeTh BUA:
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yK) = i b, x(K-n). (1.3)

Ilpu N' = N cucrema Ha3bpIBa€TCsi JABYCTOPOHHEH CUMMETPUYHOM.
CUMMeTpUYHBIE CHUCTEMBI, B OTJIMYME OT Kay3aJbHbIX, HE H3MEHSIOT (ha3bl
00pabaThIBa€MbIX CUTHAJIOB.

TexHHKa BBITOJHCHHS CBEPTKH B KOOPAMHATHOW 00JIaCTH HE OTIMYAETCS OT
TEXHUKHU BBITIOJIHCHUS OOBIYHOMN TUCKPETHOW CBEPTKH JIBYX MAacCCHUBOB JaHHBIX.

[IpencraBum, 9TO Ha OJTHOM MOJIOCKE OyMaru BBIMMHCAHBI 110 TIOPSIKY CBEPXY
BHU3 3HaueHus AaHHbIX X(k). Ha BTOpO# momocke Oymaru HaXosATCs 3aMMCaHHbBIC
B 00paTHOM TOpsJIKe 3HA4YCHUS KOA(D(HUIMEHTOB cHCTEMBI by,. s BBEIYMCICHUS
y(k) pacmonaraem BTOpPYIO MOJOCKY MPOTHB IEPBOM TakuM 0O0pa3oM, 4YTOOBI
3HaueHue by coBnano co 3HadueHueMm Xx(k), mepemHOkaem Bce 3HA4YeHHs b, ¢
pacIoIOKEHHBIMU TIPOTUB HUX 3HaueHWsMH X(k-N) ¥ cymmupyeM pe3ysbTaThl
NEepEeMHOKEHHUs. Pe3ynbrar CyMMUPOBAaHMS SBJISETCS BBIXOJHBIM 3HAYCHUEM
curHana y(k). CaBuraeM OKHO CHCTEMBI - MOJOCKY KO3((PUIMEHTOB by, Ha OIUH
oTcyeT nocienoBaTenbHOCcTH X(K) BHU3 (IO OPSAAKY BO3pacTaHUs HOMEPOB K) win
MaccuB x(k) caBuraem Ha OTCYET BBEPX WM BBIYUCISIEM AHAIOTHYHO CICMYIOIIEE
3HAYCHUE, U T.J.

OrnucaHHBIN TIpollecC CBEPTKU B BEIIECTBEHHOW 00JACTH MAacCHMBa JaHHBIX
x(k) ¢ HepekypCHUBHBIM OIEpPaTOPOM CHCTEMbI b, (MacCMBOM BECOBBIX
KOA()(PUIIUEHTOB CHUCTEMbI) OOBIYHO Ha3bIBAIOT HEPEKYPCUBHON I (PpoBOI
bunbTpanMe MaHHBIX, @ cCaMy CHUCTEMY, €CIIM OHA BBIMOJIHSAET TOJIBKO JTaHHYIO

orepanuio, HepeKypcuBHbIM UG poBeIM QuiibTpom (HLID).

Pexypcusnvie yughposwle cucmembl.

CI/ICTGMBI, KOTOpPbIC OIINCBIBAKOTCA ITOJIHBIM

byton pasHOCTHBIM  ypaBHeHHeM (1.2), [IPUHATO
Hizl=Tmr v byt by a0 %

Puc.1.3. ITpumep PLIC.

HA3bIBATh PEKYPCUBHBIMU ITU(DPOBBIMU CUCTEMAMU

(PLIC) wmm  pekypcMBHBIMH  HU(PPOBBIMU

bunpTpamu (PL{®), Tak Kak B BBIYMCICHUU TEKYIIUX 3HAYCHUH BBIXOJTHOTO

CUrHaJla YYaCTBYCT HC TOJIBKO BXO,HHOﬁ CHUIruajl, HO M 3HAYCHHA BBIXOAHOI'O
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CUTHala, BBIUMUCICHHBICE B MPEIIISCTBYIOIIMX IHUKIaXx pacueroB. C yderoM
nocyienaHero (akTopa peKypCUBHBIE CUCTEMbI Ha3bIBAIOT CUCTEMaMU ¢ OOpaTHOM

CBA3b10. [IpuMep peKypCuBHON CHCTEMBI PUBEEH Ha puc.l.3.

k.4 ¥4 [lonHOE OKHO pPEKYPCHBHOW CHCTEMBI
Sk-B x b3 Yk_3 .
fi2] x| b, | x [Tz COCTOUT u3 JBYX COCTABJISIFOLLIMX :
Spa| x| by \_) a; | x| Y&1|| HEPEKYPCHBHOM 4acTu by,, aHAJIOTMYHON OKHY
s | x| by Z —= ¥ . o

Sl HEPEKYPCUBHOM CHUCTEMBI U OIPAHUYECHHOU B

] 2
=2 bys, 2 Ay Vi
¥ 75 Ve dm Yem pabore TEeKYLIUMHU u "mpouutbiMu”

Puc.1.4. TexHuKa BEIYUCIICHUN B | spayeHpsiMM ~ BXOJHOTO — curHama  (OpH

PLIC. peanm3anun Ha SBM BO3MOKHO

WCIOIb30BaHUE U “Oynymiux”’ OTCUETOB CHUTHalla), U PEKYpCHUBHOM 4YacTH ap,
KOTOpasi paboOTaeT TOJBKO C "MpONUIBIMU", paHee BBIUMCICHHBIMH 3HAYCHUSIMU
BBIXOJHOTO curHana. Texunuka Berurcienuit 1t PLIC npuBenena Ha puc. 1.4.

N3 npumepa MOxkHO BuAeThb, yTo peakuuss PLIC Ha KOHEUHBIM BXOJHOU
CUTHAJI, B TPUHIIUIIE, MOKET UMETh OECKOHEUHYIO JIJTUTEIBHOCTh, B OTIMYHUE OT
peakiuu HI[C, kotopast Bcerga orpaHudeHa KOJIMYECTBOM WICHOB by (OKHOM
CHCTEMBI).

Cmayuonapnvie u necmayuonapuvie cucmemvl. CHUcTeMa CUYUTAETCS
CmayuoHapHou W HUMEET IIOCTOSHHbIE IapaMeTpbl, €CId €€ CBOMCTBa
(MaTeMaTHYeCKuil aJrOpuUTM oOrepaTopa MmpeoOpa3oBaHMs) B Mpejesax 3aJaHHON
TOYHOCTH HE 3aBUCAT OT BXOJHOI'O U BBIXOAHOT'O CUTHAJIOB U HE U3MEHSIOTCS HU
BO BPEMEHHM, HU OT KaKUX-IIMOO IPYTruX BHEIIHUX (PaKTOpOB. MaTeMaTHYECKH 3TO
O3HAYaeT 3aJaHue CUCTEMBI YpaBHEHUsAMHU TuMa (1.2) ¢ MOCTOSHHBIMU 3HAYCHUSIMU
k03 unueHToB a; U b; m peakuus cucrembl Ha Kakoe-TMOO BO3AEHCTBHE HE
3aBUCUT OT BpeMEHHU (KOOpJIMHAT) €ro MpuiokeHus. B mnpoTuBHOM ciydae
CHUCTEMa SIBJISIETCS HECTAallMOHAPHOW WIH napamempuyeckol (CUCTEMOU ¢
nepeMeHHbIMHM napamerpamu). Cpeau nmociieqHUX OO0JbIIOE 3HAUEHUE MMEIOT TaK
HA3bIBAEMbIE€ QJANTUBHBIE CUCTEMbl OOpaOOTKM [aHHBIX. B 3TUX cucreMax
MPOU3BOJIUTCS, HANIPUMeEpP, OLEHUBAHUE OIPEJEICHHBIX MapaMEeTPOB BXOJHBIX U

BBIXOJHBIX CHIHAJIOB, IIO PE3yJIbTaTaM CpPAaBHCHUSA KOTOPBIX OCYHICCTBIIACTCA
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MOJICTpOMKa mapamMeTpoB TmpeoOpa3oBaHus  (IEPEXOJHOM  XapaKTEPUCTUKU
CUCTEMbl) TakuM  oOpa3oM, 4YTOObl  OOECIEYUTb  ONTHUMAJbHBIE IO
MIPOU3BOJIUTEILHOCTH YCIOBUSA OOpaOOTKM CHUTHAJIOB WJIM MWUHUMU3UPOBATH

MOTPENTHOCTh 00PabOTKH.

1.2. AHaIU3 CTPYKTYPHbBIE CXeM JUHEHHBIX CHCTEM

CmpykmypHnvle cxembl. AITOPUTMBI OOpaOOTKM CHUTHAJIOB B CHUCTEMax
HaTJIATHO OTOOpa)karoTcs B BUJAE CTPYKTYPHBIX cXeM. ba3oBbie 371€MEHThI CXEM U
IpUMepbl TTOCTPOEHUSI CTPYKTYPHBIX CXEM NpUBOJIMIUCH paHee Ha puc.l.3. Kak
NPAaBWIO, CTPYKTYPHBIE CXEMBI COOTBETCTBYIOT MPOIPAMMHON peaanu3alii CUCTEM
U OyIyT paccMaTpuBaThCS HUXKE MPUMEHUTENBHO K HU(POBBIM CUCTEMaM, HO HE
ONPEAEISIIOT allapaTHOM pealu3alid B CHEHUANbHBIX PAJUOTEXHUYECKHX
YCTPOMCTBAxX, KOTOpash MOXKET CYIIECTBEHHO OTJIMYaThCs OT MPOrpaMMHOMN

peanu3anuu, 0COOCHHO JIJIsl aHAJIOTOBBIX cucTeM [5,20].

X (%) =¥y I'pagor  cucmem. Hapsany co
Az =3z -a 3y (z). o o
CTPYKTYPHOU CXEMOH CcHCTEMa MOXET
fay, AN PyKTYp

. 1 2 3 Halz)=Xjlzi+hE,z) | OBITh TIpEACTaBI€Ha B Buie rpada,

k =
-4, YT by o Alzl==Xz) KOTOpBIii oToOpaxaer TuarpaMmy

4 ¥{z) =3(z).

NPOXOXKJECHUS CHUTHAJIOB M COCTOUT W3
Puc. 1.5. CtpykTypHas cxema u rpad

HaIrpaBJICHHBIX BETBEH U Y3JIOB.
CHUCTCMBEI.

Ilpumep  CTPYKTYpHOH  CXEMBI

cucteMbl ¢ mnepematounoi ¢yukimendn H(z) = (1+byz)/(1+a;z) u rpada, eci
COOTBETCTBYIOLIET0, IpUBEIEH Ha pucyHKe 1.5. C kaxbpIM 1 y3710M rpada cBsA3aHO
3HaueHue curHana Xj(k) umu ero obpaza Xi(z), KOTOpbIE OMPEAETAIOTCS CyMMOMN
BCEX CHTHAJIOB WM WX Z-00pa30B BXOJSUIMX B y3€l BeTBe. B kaxmol 1j - BETBU
(U3 y371a 1 B y3ed j) MPOUCXOJIUT MPeoOpa3OBaHHE CHUTHAJIa B COOTBETCTBUU C
nepesaToyHol (PYHKIIMEeH BETBHU, HANPUMEp, 33Jep’KKa CHUTHajla WIM YMHO)KECHHE
Ha K03 PpULIHEHT.

Coeounenusi cucmem. PaznuyaroT cleAyrollne COEAUHEHUS CUCTEM (pHC.

1.6-1.8).
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o
=

) Fiz) 1. Ilocreoosamenvroe coeounernue. BpIXoaHONU
— Hl(z:' — Hg(z} —

CUTHAJI TIPEANICCTBYIOIICH CUCTEMBI SIBJISIETCS BXOAHBIM JIJIS
Puc. 1.6.

nociieayroneil. OKBUBAJIEHTHAs NepelaTodyHas (QyHKUuUs

o0Iell CUCTEMBbI paBHA MPOU3BEICHUIO TEPENATOUYHBIX (YHKIHMA CUCTEM, B HEe
BXOJSIIHNX:

H(z) = H1(2)-H2(2)-...-Hn(2).

2. Ilapannenvnoe coedunenue. CUTHAJI TIOmaeTcs Ha

BXOAbI BCEX nmapajyicJibHO COCIHUHCHHBIX CHUCTCM

OAHOBPEMCHHO, BBIXO/JHBIC CUI'HAJIBI CUCTCM CYMMMHPYIOTCA.

DKBUBaJeHTHAsl TepenaTodHass (QYHKIHS OOIIEeH CUCTEMBI

paBHA CyMMe TIepelaTOYHbIX (YHKIIUNA CUCTEM, B HE€ BXO/ISIINX:

H(z) = Hi(2)+Ha(2)+...+Hn(2).

3. Coeounenue obpamnoii ceésa3u. BbpIXOgHOW cuUTrHAI

HepBOﬁ CHCTCMBI ImogacTcs Ha BBIXO/J CHUCTEMBI u

Prc. 1.8 OJIHOBPEMEHHO Ha BXOJ CUCTEMbI OOpAaTHOW CBSI3H, BBIXOHOMN

CUTHAJI KOTOPOH CYMMHPYETCS, CO 3HAKOM ILIIOC WM MUHYC B
3aBHCHMOCTH OT BHJa CBSI3M (OTPUILIATEIIBHON WITH TIOJIOKUTEIBHOMN), C BXOHBIM
CUTHAJIOM IIEPBOM CHCTEMBI. DKBUBAJCHTHAs TiepefaTodHas (YHKIUS oOIei
cucrembl: H(z) = Hy(2)/(1£H1(z)H2(2)).

Cxemvl peanuzayuu cucmem. [lo TpUHIMIIAM CTPYKTYPHOW pean3anuu

CHUCTEM pa3INdaroT CICAYIOMNUC CXCMBbI:

1. Ipamas ¢opma. Peanuzyercs

HEIOCPEACTBEHHO 10 PA3HOCTHOMY YPABHEHHIO
N M
Yk = 2 brXkn - 2 AmYk-ms
n=20 m=1

WIH 110 IEpEeIaTOYHON (PYHKIIUU

H(Z) = 3 b2"I(1+ Y an2™.

[Tpumep mpsiMoil crucTeMbl puBeaeH Ha puc. 1.9.
2. [Ilpsmasa kanonuueckas ¢opma COASPKUT MHHUMAIBLHOE YHCIIO

aneMeHTOB 3anepxkku. llepematounyro ¢ynkuuio PLIC MoxHO mpencraBUTh B
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BUJIE:

H(z) = Y(2)/X(2) = Hi(2)H:(2),
Hi(z) = V(2)/X(z) = 1/(1+ mil amz™), H.(2) =Y (2)/V(z) = ENZO b.z".

Otcrona:

(k)

il

¥k

v(K) = x(K) - mﬁlamv(k-m), (1.4)

V(9 = 3. byv(ken). (15)

B pasnoctubix ypaBHenusix (1.4-1.5) ocymectBisiercs

a3 b; ToNbko 3anepkka curHaioB v(k). I'pad peammzanum PLIC
I, tw npuBeed Ha pucynke 1.10.
Puc. 1.10. 3. Kackaonas (nociedosamenvHas) ¢opma.

CoOOTBETCTBYET TPENCTABICHUIO TEPEAaTOYHON (YHKIMHA B

BHUAC ITPOU3BCACHUA
k
H@) =1TH(@)

Hi(z) - cocraBmstomue ¢ynknuu tuma (1-riz)/(1-piz) npu npeacTaBiIcCHHH
H(z) B dakTopuzoBanHoi dopme, Tae i U pi- Hylau U nomtocskl pynkiuu H(z). B
kadectBe ¢yHKIUH Hj(z) 00BYHO UCHONB3YIOTCS TMepenaTodHble (YHKIUN
OMKBaJPaTHBIX OJIOKOB - (GUIBTPOB BTOPOTO MOPSIKA:
Hi(z) = (bor"bli'Z+b2i°22)/(1+ali'2+azi'22)-
4. Ilapannenvnaa ¢opma. Vcnonp3yeTcsi MHOTO peXe U COOTBETCTBYET
NPE/ICTABIICHUIO TEePEJaTOYHON (PYHKIIMU B BUAE CYMMbI OMKBaJpaTHBIX OJIOKOB

uiM 60J1ee MPOCTHIX (PYHKITHH.

zky  wiky  wik) 9
T Obpawennvie  gopmul. B Teopum  JTUHEHHBIX
. - CUTHAJIbHBIX rpados CYIIIECTBYIOT IIPOIIETYPHI
1 }z 1
o npeoOpa3oBaHus  HMCXOAHBIX TpaoB ¢ COXpaHEHHEM
1 2 H 1
z .
by 2y nepenatouHbplx  GyHKmmiA. OmHa W3 Takux MPOUEayp -
Puc. 111 oOpareHue rpadoB, KOTOPOE BBITIONHIETCS IyTEM

HN3MCHCHUA HaIIPpaBJICHHA BCCX BETBEH OCIIY, IIPHU 3TOM BXOI H
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BbIXOJ Tpada Takke MEeHSTCsS MecTtaMu. st pajia cucteM Takas TpaHCHO3UIUS
MO3BOJISIET peanu3oBarh Oosiee d(PGEKTUBHBIE ANTOPUTMBI OOpPAaOOTKM JTaHHBIX.
[Ipumep oOpatenus rpaga npsiMoil KaHOHUYECKON (POpMBI PEKYPCHUBHOM CHCTEMBI

(c mepecTpoeHUEM Ha PACTOJIOKEHUE BXO/Ia C JIEBOM CTOPOHBI) MPUBEIEH HA PUC.

1.11.

1.3. OcHOBHbBIE 32/1a4M ¥ HANPaBJeHus HM(PPOBOIi 00PAGOTKH CHTHAJIOB

B TexHuueckux oTpacisx 3HaHuW TepMmuH "curHan" (Signal, ot ysatuHCKOrO
Signum — 3HaK) OYCHb YACTO HCIOJB3YETCS B IIMPOKOM CMBICJIOBOM JHAra3oHe,
0e3 coOmrofieHust cTporoi TepMuHooruu. [log HUM MOHUMAIOT U TEXHUYECKOE
CpPEICTBO I TMepefauyd, oOpallleHus W HUCIONb30BaHUsA HH(opMauuu -
ANEKTPUUECKUI, MAarHUTHBIM, ONTHUYECKUN CHUTHAI; W (DU3WYECKUU TIPOIIecC,
NPECTaBISAIONNA  cOOOM  MaTepuaibHOE BOIUIOIIEHHE HWH(OPMAIMOHHOTO
COOOIICHUSI - W3MEHEHHE KaKoro-mubo mapameTrpa HOCUTeNns HWH(opmauu
(HampsDKEHUs,  4YacTOThl,  MOIIMHOCTH  DJEKTPOMArHUTHBIX  KoJeOaHUM,
MHTEHCUBHOCTH CBETOBOI'O MOTOKA M T.II.) BO BPEMEHM, B MPOCTPAHCTBE WU B
3aBUCUMOCTH OT M3MEHEHHMS 3HA4YeHHM KaKuxX-TuOO JpPYyrux aprymMeHToB
(HE3aBUCHUMBIX TEPEMEHHBIX); U CMBICIOBOE COJIEPXKAHUE OIMPEACICHHOTO
(u3MUECKOro COCTOSIHUSA WM Tpolecca, KakK, HampuMmep, CUrHajibl cBeTodopa,
3BYKOBBIE MPEAYNPEKIAONINE CUTHAIBI U T.N. Bce 3TH MOHATHA 0O0bEIUHSAET
KOHEYHOE HAa3HAYEHUE CUTHAIOB. OTO ONPEIEICHHBbIE CBEACHUS, COOOLIEHUS,
uHpOpMaIU 0 KaKUX-THOO TMpoIeccax, COCTOSHUSX WIH (DU3NIECKUX BEITUIMHAX
00BEKTOB MaTEpUAIBLHOTO MUPA, BBIPAXKEHHBIE B (popMe, yIOOHOM NS Tepeaay,
00paboTKH, XpaHEHUS U UCTIOJIb30BAHUS ATHX CBEJICHU.

Haubomnee pacnpocTpaHeHHOE TPE/ICTaBIEHUE CUTHAJIOB - B AJIEKTPUUECKOM
dopme B BuAc 3aBUCHUMOCTH HampsbkeHus oT Bpemenu U(t). Tak, Hampumep,
CUTHAJI I3BMEHEHUS HAMPSKEHHOCTH MAarHUTHOT'O MOJISI IO MPOQUITIO a3POCHEMKH —
3TO W BpPEMEHHAas MOCJIEA0BATEIbHOCTh U3MEHEHUS JIEKTPUUECKOTO HAMPSKEHUS

Ha BBIXOJAC JaTYMWKaA ad3POMArHUTOMCTpa, M 3allMCbhb 3TOrO HAIPAKCHHSA HA JICHTC
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perucTpaTropa, M MOCIEAOBAaTENbHbIE 3HAYeHUs LU(QPOBBIX OTCYETOB MpHU

00paboTKe JIEHT perucTparopa u BBoje curiayia B OBM.

EloopmeeaTer

Puc. 1.12. Curnaun.
C maTemMaTH4eCcKONl TOYKHM 3PEHMS] CUTHaJ MPEACTABISIET cOO0M (PYyHKLHUIO,

T.€. 3aBUCHMOCTb OJJHOM BEJIMYUHBI OT IPYTrOW, HE3aBUCUMOM NIEPEMEHHOMN.

[Tox "ananu3om" curnanos (analysis) mmeercs B BUIy HE TOJIBKO MX YHCTO
MaTEeMaTUYECKUe TPeoOpa3oBaHUs, HO © TOJYYCHHE Ha OCHOBE JOTHX
npeoOpa3oBaHUd BBHIBOJIOB O CIEIMU(PUISCKUX OCOOCHHOCTSX COOTBETCTBYIOIINX
IIPOIIECCOB U 00BEKTOB. LlenmsiMu aHaau3a CUTHAJIOB OOBIYHO SIBJISIFOTCS:

- OnpeniesieHre WIKM OLIEHKA YUCIOBBIX MapaMEeTPOB CUTHAJIOB (SHEPIus,
CpeIHsisi MOIITHOCTh, CpeAHee KBaApaTUHIECKOe 3HAaUCHHUE U TIp. ).

- Paznoxenre curHaJIOB Ha AJIICMEHTAPHBIE COCTABIISIONINE JIJIT CPAaBHEHUS
CBOMCTB Pa3IUYHBIX CHTHAJIOB.

- CpaBHEHHE CTENEHHU 0JM30CTH, "oxoxkecTu", "poacTBEHHOCTH "
Pa3TUYHBIX CUTHAJIOB, B TOM YHUCJIE C ONPEIeTCHHBIMHI KOJIMYEeCTBEHHBIMU
OIICHKAMU.

MaremaTu4ecKuii anmapaT aHaJIiu3a CUTHAJIOB BeCbMa OOIIMPEH, U ITUPOKO
NPUMEHSETCS Ha TIPAKTUKE BO BCEX 0€3 MCKITIOUEHUS 00JIaCTIX HAYKU U TEXHUKHU.

Knaccugpurxayus cuenanos ocymecTBiIseTcsl HA OCHOBAaHUHU CYIIECTBEHHBIX
MIPU3HAKOB COOTBETCTBYIOIIMX MaTEMAaTHUECKUX MOJIelel CUTHAJIOB. Bee curnaml
pa3eisgloT Ha JIBE KPYIHBIX TPYIIBL: JIETEPMUHUPOBAHHBIC W CIIyYailHBIC.

Knaccudukanus curaajioB BHyTpu Tpymi npuseaeHa ua puc. 1.13. [5,20].
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CUrHAM

( [NepHoaMyeckMe j (Henepuuﬂuuecme) (CnguamHue numexw} (I'IuneaHue I:HI'HEU’II:D

[ﬂBTEpMMHMpDBaHHbIE CnyualiHbe j

(rElFIMDHM'-IEEKHBj (HCIJ'IHI'E[[JMDHHLIBEKMBJ (HDLITM I'IB[JHD.D.M'-IECKMB) (AI'IB[JHD.D.HLIECKMEJ (CTE[LI,MDHE[FIHI:IE) (HBCTB.LLMDH&[JHI:IB)

Puc. 1.13. Knaccudwukamnus curaasos.

C wMaremMaTHyecKuX TMO3UIMH TPYHIbl CHUTHAJIOB OOBIYHO HA3BIBAIOT
MHOXKECTBAMHU, B KOTOpbIE OOBEAMHSIOT CHUTHAJIBI MO KAaKOMY-THOO 001eMy
cBOMCTBY. [IpuHa/IE)KHOCTH CUTHANIA S K MHOXKECTBY Lp 3anuceiBaercs B Bujae Lp
= {s; P}, rae P — onpeneneHHOe CBOMCTBO TAHHOTO MHOYKECTBA CHTHAJIOB.

Tunwvi cuenanos. BpIIENAIOT CIEAYIONIME TUITBI CUTHATIOB, KOTOPBIM
COOTBETCTBYIOT OIpe/IeNIeHHbIE (POPMBI UX MATEMATHUYECKOIO OMUCAHUS.

Ananocoswiti cuenan (analog signal) smisiercss HempepbIBHOW (QyHKIMEH
HENPEPHIBHOTO apryMeHTa, T.€. OMPEIENICH IS JI000Tr0 3HAYCHHS apTyMEHTOB.
HcrounnkaMy aHaJIOTOBBIX CUTHAJIOB, KaK MpaBUJIO, SBISIOTCS (u3myeckue
MIPOLIECCHI U SIBJICHUS, HETIPEPHIBHBIC B TUHAMUKE CBOETO Pa3BUTHUS BO BPEMEHHU, B
NPOCTPAHCTBE WM MO JIIOOOW Jpyroil HE3aBUCUMOW IEPEMEHHOH, TpPH 3TOM
perucTpupyeMblii curHaia mofobeH (“aHamoruyeH”) TOPOXKIAIIIEMY  €ro

npoIieccy.

5 T T T
| 1 1 T 1 1 1
S afotoodeo ANl
= 1 1 1 1 1
| 1 1 1 1
; 3"_"I'___I__ [ I B B
£ | 1 1 1 1 1 1
ool __21__2 S T R . T B D
- T I 1 i T i I
E 1 1 1 1 1 1 1
R A N
[ 1 1 1 1 1 1
I S .
i} 1 2 3 4 B G 7 ]
KoopauHara t

Puc. 1.14. AHajoroBslii CUTHAJL.

I[IpuMep MaTeMaTH4ecKol 3ammcu curHama: y(t) = 4.8 exp[-(t-4)%/2.8].
[Ipumep rpaguyeckoro oToOpakeHHsl TaHHOIO CUTHaJIa MpUBEJEH Ha puc. 1.14.
Huckpemnouii cuenan (discrete signal) mo cBonM 3HaYEHUSAM TaKKe SBISETCS

HEIPEPBIBHON (PYHKIIMEH, HO ONMPEIACICHHON TOJBKO MO JUCKPETHBIM 3HAYCHHSIM
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apryMmenTa. [10 MHOKECTBY CBOMX 3HAUCHHI OH SIBJIICTCS KOHEYHBIM (CUCTHBIM) U
OIKCHIBACTCS JUCKPETHOM IOCIEIOBATENBHOCTRIO oTcueToB (Samples) y(nAt), rae
Y1 <Y <V,, At - HHTEpBaJ MEXKIy OTCUETaMH (MHTEPBAJ WM IIAr JUCKPETU3AIINH,
sample time), n = 0, 1, 2,...,N. Benuunna, oOpatHas miary guckperm3aruu: f =
1/At, wHasbiBacTcs yacToToM amckpermsanuu (sampling frequency). Ecnawu
JUCKPETHBIM CHTHAJ MOJydeH AUCKpeTusanueit (Sampling) aHamoroBoro curuaiia,
TO OH NIPEJCTABIISIET COOOM IMOCIEA0BATEIBPHOCTh OTCUETOB, 3HAUCHUS KOTOPBIX B

TOYHOCTH PaBHBI 3HAYCHHUAM HCXOJHOI'O CUT'HAJIA ITO KOOpAHWHATaAM nAt.

Orcuers y(nAt)
I 1
A
I 1
o7
| L
I 1
I 1
I 1
T T
h —o—:—:—I B
-7
oA 1
-l
SR
I 1
] 1

2 3 4
KoopauHata h

Puc. 1.15. JIuckpeTHbII CUTHAT

[Ipumep nuckpeTu3alnuu aHaJI0roBOro CUrHala, MpuBeIeHHOro Ha puc. 1.14,
npeacTaBiieH Ha puc. 1.15.
Hugpposou cuenan (digital signal) kBanTOBaH 1O CBOMM 3HAUYCHHSIM |

AUCKPCTCH II0 QaApPryMCHTY. On omnuchiBaeTcs KBaHTOBAHHOMU pemeTanOﬁ

bynkmuei Y, = Qk[y(nAt)], rae Qg - GyHKIUS KBAaHTOBAHUS C YKCIOM YpPOBHEH
KBaHTOBaHMS K, TpWU OSTOM WHTEpPBadbl KBAaHTOBAaHUS MOTYT OBITH Kak C
PaBHOMEPHBIM pacmlpefeleHueM, TaK W C HEPaBHOMEPHBIM, HampuMmep -
gorapupMudeckuM. 3agaercs IUGpPOBOM CHUTHAJ, Kak MpPaBUIO, B BHIE
JIUCKpeTHOro psia (discrete Series) 4nucioBBIX JaHHBIX - YHCIOBOTO MAacCHBa IO
MOCJIeIOBaTEIbHBIM 3HAYEHUSAM apryMeHTa mpu At = const, HO B 00IIeM ciyyae

CHUTHaJI MOXKET 3aaaBaTbCid H B BHJC Ta6JII/II_U>I IJIs1 IIPOU3BOJIBHBIX 3HAYCHUM

apryMeHTa.
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ra
)

1} 1 2 3 4
KoopguHata h

Puc. 1.16. lludposoii curnain

ITo cymectBy, 1nubpoBONH CHUTHAI MO CBOMM 3HAYEHUSIM (OTCUETaM)
aBisieTcss  (OPMaTM30BAHHOW PA3HOBHUJIHOCTBIO JIUCKPETHOIO CHUTHala MpHU
OKpPYIJIEHHUHM OTCUETOB MOCIJIETHErO O ONPEAEIEHHOr0 KOJMYeCTBa (P, KaK 3TO
mokazaHo Ha puc 1.16. I{udpoBoit curHam KoHEUEH MO MHOXECTBY CBOHMX
3HAYCHUM.

B cucremax mudpoBoii o0paboTku maHHBIX WU B OBM curnam Bcerma
NOPEACTaBIEH C TOYHOCTBIO IO OIPEIAEICHHOIO0 KOJIMYECTBAa pa3pslaoB, a,
CJIeJI0BaTEeIbHO, BCET/Ia SIBISIETCS IU(DPOBBIM.

OcHogHble 3a0ayu U Hanpasierue Yyu@ppoesol oopabomru CUcHAa108

Cpean MHOTOYMCIICHHBIX 3aJ]1a4, pelllaeMbIX Ha 0a3ze mudpoBoi 0OpaboTKu
curHasioB (L{OC), MOXHO BBIIETUTH Tpynny HanbOosee MOJHO XapaKTepU3YIOIIHUX
KaK TpaJuLMOHHbIE, TaK U HeTpaauLunMoHHble o0nacTu npuMenenus L{OC. Kaxnas
3alaya — B 3aBUCUMOCTH OT KOHKPETHOIO MPUIIOKEHHS] — MOYKET PEIIaThCsl C
UCIIOJIb30BAHUEM PA3JMYHBIX METOJOB M aJICOPUTMOB; HAMpUMeEp, 3ajJada
BBIJICJIEHUSI CHUTHAJla M3 T[IOMEX MOXKET pellaTbCsl METOJaMH JIMHEHHOH,
aJanITUBHOM U HETMHEHHOMN (UIbTpaIIUH.

B macrosimiee Bpemsi  BBIACISIOT CIEAYIONIME OCHOBHBIE  HAlpaBJICHUS
HOC:
— JguHeunas cuiompayus. CeNeKIUs CUTHajda B YacTOTHOM o0O0JacTu;
cuHTE3 (PUIBTPOB, COTJACOBAHHBIX C CUTHAJIaMH; YaCTOTHOE pa3JelieHue
KaHaJIOB; uudpoBbie npeodpazoBaTenu ['uibb6epra u

JIUC } XpEPEHLUATOPbI; KOPPEKTOPHI XapaKTEPUCTUK KaHAJIOB;
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— cnekmpanwvhubli anaiuz. O6padoTKa peyeBbIX, 3BYKOBBIX, CEHCMUUYECKUX,
THJIPOAKYCTUYECKIX CUTHAJIOB; pacro3HaBaHUE 00pa3oB;

— uyacmomuo-epemerHol auanus. Komrpeccus u300pakeHUH, TUAPO- U
paanoioKanus, pasHooOpa3HbIe 3a/1a4l OOHAPYKEHUS,

— aoanmusHasa  Qurvmpayus.  OOpaboTke  peud,  HU300paKEHUH,
pacmo3HaBaHHe O00pa3oB, TOJABICHUE IITyMOB, aAalTHBHBIC AHTCHHBIC
pEIIeTKH,

— Henuneunas obpadbomka. BpluncieHne KoppemsAUud, MeAUaHHAS
bunbTpanys: CUHTE3 aMIUIUTYAHBIX, ()a30BbIX, YACTOTHBIX JETEKTOPOB,
00paboTKa peuu, BEKTOPHOE KOJIUPOBAHHUE,

— MHOo2ocKopocmHas — obpabomxa. Vatepmonsius (yBenWYeHHE) U
JeruMaIus (YMeHbIIIeHHE) 4acTOTHI JUCKPETU3AINH B

MHOI'OCKOPOCTHBIX CUCTCMaAX TCICKOMMYHUKAITHUH, ay,Z[I/IOCI/ICTeMaXé

1.4. ObdnacTu npumeHenunst M ppoBoii 00padOTKH CUTHAJIOB

K umcny ob6nacreil mpumeHeHus 1uppoBoil 0O0paOOTKU CHUTHAJIOB MOXHO
OTHECTHU CJIEAYIOIIHNE.
Obpabomka u3zobpadicenuil: pacrlo3HaABaHUE O00pa3lOB; MAIMHHOE 3PEHUE;
yIydiieHre u300pakeHusi; GpakCUMUIIE; CITyTHUKOBBIE KapThl MOT0O/1bl; aHUMAIIHSL.
Huecmpymenmanvuvle cpedcmea/konmpons. CHEKTPaIbHBIM aHANW3; KOHTPOJb
MOJI0KEHUS! M CKOPOCTH; CHUKEHHE LITyMa; CxKaThe WH(OpMaluu.
Peus/ayouo: pacno3HaBaHue peun; CUHTE3 PEUr; 03BYUMBAHUE TEKCTa; IIU(GPOBBIC
ayJIMOCUCTEMBI; BRIpABHUBAHUE.
Boennvie yenu: Ge3omnacHas cBs3b;, paboTa ¢ pajgapamu; padoTa C COHapaMu;
yIpaBJICHUE PAKETAMH.
Tenexommynuxkayuu’: yCTpaHEHHE 3Xa; aJalTUBHOE BbIPABHUBAHUE; TPAHCKOMEPHI
ADPCM; pacmmpenue creKkTpa; BUACOKOH(EPEHII-CBA3h; Tepeaada JaHHbIX.
buomeouyuna: HaOI0IeHNe 3a MalEeHTaMH; CKaHEpBbI; KapThI
ANIEKTpO3HILIE(aTOrpaMMbl  MO3ra; aHajlu3 AJIEKTPOKApAUOTrpamMM; XpaHEHHE

(ynydllleHHE) peHTT€HOBCKUX CHUMKOB.
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llompebumenvckue yenu: 1MEPPOBBIE COTOBbIE MOOWIBHBIE  Tele(OHBI;
yHUBEpcalibHas MOOWIbHAs CHCTEMa CBsi3U; HMUGPOBOE TelIeBUICHUE; U(pPOBHIE
KaMmephl; TenedoHHas CBA3b, My3blka W BHUACO uepe3 Internet; 1mdpoBbie
ABTOOTBETUUKH, (DaKChl M1 MOJEMBI, CUCTEMBI TOJIOCOBOW TOYTHI, HHTEPAKTUBHbBIC
pa3BJIeKaTEIIbHBIC CUCTEMBI; AKTUBHAS TIOJIBECKA B aBTOMOOMJISX.

C omHoro B3riisiia Ha 3TOT OTHIOJb HE MOJHBIA CIHCOK MOXHO TOHSTh
orpomHoe 3HadeHue I[OC. O6 ocoznanuu 3Hadenuss L{OC cBuperenbcTByeT
NOCTOSIHHOE ~ BHeApeHue  MomHbX  cpeactB  L[OC  mpousBoauTensMu
NOJIYIIPOBOAHUKOBOM TEXHHKUM. B TO ke BpeMs HE XBaTaeT WHKEHEPOB,
00JIaaloIINX JIOCTATOYHBIMU 3HAHUSAMH B JaHHOU cdepe. Llenp sTol kHUTH —
obecnieunth mnoHumanue MmetojoB I[OC u ux peanuzanuu, JaTh YUTATEISAM

BO3MOKHOCTB OBJIAJICTb ITPAKTUYICCKUMHU 3HAHUAMMU I10 CTOJIb BAJKHOMY IIPCAMCETY.

BriBoabI
B nepBoli rinase nony4deHsl CIEAYOUINE UCCIIEIOBAHUSA
1. CpolicTBa JMHEWHBIX CUCTEM AaHAJIU3UPOBAHBI  CTPYKTYPHBIE CXEMBI
JIMHENHBIX CUCTEM
2. OmpeneneHbl OCHOBHbIE 3aJaudl M HallpaBieHUss LUPPOBOH 00pabOTKU
CUTHAJIOB.

3. Ananu3upoBaHbl 00JacTH MPUMEHEHHs U(POBOK 00pabOTKK CUTHATIOB.
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IJIABA 2. AJITOPUTMBI IU®POBON OBPABOTKU CUT'HAJIOB

2.1. AHaIM3 KJII0YEBbIX onepannu nu@poBoii 00padoTKH CUTHAJIOB

CymectByer Heckonbko anroputmoB [1OC, eme Oonblie HaXOAWTCS B
CTaAuy pa3padOTKU WM JKJIET CBOEro OTKphiBartens. OaHAKO IJIsi BCEX DJTHUX
QITOPUTMOB, BKJIFOYAsi CaMbl€ CIIOXKHBbIE, HEOOXOIUMBI OJIHM U T€ K€ OCHOBHBIC
onepanuu. [y Havyana OyaeT MOJE3HO PacCMOTPETh HEKOTOPBIE W3 HUX, YTOOBI
orleHuTh npoctoty peanuzauuu [HOC. Hrtak, ocHoBHBIE onepaunu [[OC — 3T0
CBEpTKa, Koppeisius, ¢uiabTpaius, npeoOpazoBaHus u Mopyismus. Criemyer
3aMEeTUTh, 4TO Il BceX OCHOBHBIX omeparuit [{OC morpeldyercs BBINMOTHEHUE
TOJIKO TMPOCTHIX apuPMETHUeCKuX JEeUCTBUNH — YMHOXKEHUS, CIIOKEHUS,
BBIUYMTAHUS W OMNEpaluu caBura. Takke OTMETHM CXOJCTBO MEXAY MHOTHUMU
orneparusmu [5,12].

Caeptka. CBepTka — 3TO OJHA M3 HaWOoOJiee MCIOIb3YEMbIX OMepaluii B
[HOC. Hanpumep, 3170 ocHOBHasi omepaiusi mudpoBoit unbtpanuu. Jns aByx
JIAHHBIX KOHEYHBIX M MPUYMHHBIX TocienoBarenbrocted x(N)u h(n) ¢ mauaoit N1
1 N2 COOTBETCTBEHHO MX CBEpPTKA OIpEAENsieTcs KakK

y(n) = h(n) ® z(n) = Z h(k)z(n — k) =

k=—-mo

hk)z(n —k), n=0,1,...,(M =1),
0 (2.1)

lnrf_—“Nl'l'Ng—].

= =]
k=

riae cuMBoi ® wcmosnb3yercs i 0003HAYEHHs CBEPTKH, a
Kak Oymer BUAHO W3 MOCIEAYIOIIMX TJaB, NpousBogutenu ycrpoiicts [1OC
pa3pabotanu mporeccopsl s 00paOOTKM CHUTHAJIOB, KOTOpbie 3(h(EKTUBHO
BBITIOJTHSIOT OTEepaIlii YMHOXKEHHUS ¢ HAaKOIIJICHUEM, 3a/IeHCTBOBAHHBIC B CBEPTKE.
3HauYeHUE CBEPTKU CTAHOBHUTCS 0OJie€ OYEBHIHBIM, €CIIM pacCMaTPUBATH €€
B YACTOTHBIX KOOPJIMHATAX W MCIOJIB30BaTh TOT (paKT, YTO CBEPTKA BO BPEMEHHBIX

KOOpJIMHATax 3KBUBAJICHTHA YMHOKEHHIO B YACTOTHOM 00JacTH.
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Koppenayus. CymectByeT aBe (HOpPMBI KOPPEIAIMU: aBTOKOPPEISALUS M

B3aUMHAas KOPPEJIALIUS.
B3aumHuo-koppensimonHas ¢yaknus (BK®) — 310 mokaszartens cxoacTBa WiId
oOIMX CBOWCTB JIBYX CHUTHaJoB. B umciio obnacteit mpumenennss BK® Bxomsr:
B3aUMHBIN CHEKTPAJbHBIA aHAIN3, AETEKTUPOBAHKHE (BOCCTAHOBIICHUE) CUTHAJIOB,
CKpPBITBIX B IIyM€, Hamnpumep, IAETEKTUPOBAHUWE OTBETHBIX CUTHAJIOB pajaapa,
noa0op mo oOpaslly W H3MEpEeHHUe 3aJepKKU. ABTOKOppEISIMOHHAS (DYHKIUS
(AK®) mnonmpazymeBaer CyIIeCTBOBAHHE TOJBKO OJHOTO CHUrHajga W JlaeT
UHGOPMAIIMI0 O CTPYKTYpEe CHUTHAJa WIM €ro MOBEICHHUH BO BpPEMEHH. ITO
yacTHbIU cinyyail BK®, u ux cdepsl npuMeHeHus] CXOAHbI. ABTOKOPPESLUOHHAS
(GyHKIMSA 0COOEHHO MOJI€3HA JIJISl BBISIBJICHUS! CKPBITON MEPUOITUYHOCTH.

[Tpumepsr BK® 1 AK® HEKOTOpBhIX CUTHAJIOB NpUBEAEHBI HA puc. 2.1 u 2.2.
Croutr 3ameruth, HampuMmep, 4yTo 1o AK®D HCKaKEeHHOro IIyMOM CHUTHaja SCHO
BHUJIHO, YTO 3a IITyMOM CKpbIBaeTCs Mepuoandeckuil curuain (puc. 2.1). Ha puc. 2.2
noka3zaHo, kak ¢ nomoumpro BK® wusmepsercs 3anepkka, KOTOPYK BBOIUT
CUCTEMA, — €€ MOXHO y3HaTbh, U3MEPUB, BpEMsl OT Hayayia OTcyeTa 0 OOJIbIIOTO
MaKCUMyMa.

OOparure BHMMaHHE Ha TO, YTO Ha MaHENIM B NEPUOJUUYECKUNA XapaKTep
CUTHaNa, CKpPBITOIO 3a MIYMOM, BCE€ 3TO 3aMETEH: IO JTOW IPUYUHE
ABTOKOPPEJISIIANA YACTO UCIIOIB3YIOT JHS BBISIBIICHUS CKPBITOW MEPUOTUYHOCTH.

Lugpposas gurvmpayus. Kak ctaHeT 0O4eBUAHBIM MPU U3YUYECHUH OJIHOW W3
oneparuii [[OC. uMermMX NEPBOCTEIIEHHOE 3HAYCHHE, SIBISETCS JIMHEWHAs

g poBast GUIBTpAIHs, KOTOpasi OMpPeesIeTcs KaKk

N-1

yin) = Z hik)z(n - k),

b=} (2.1)
rne hik).k=0.1,....N-1__ ko3 unmenter  punptpa, a x(K) u y(k)
COOTBETCTBEHHO — BXOJ H BbIXon GQuiubTpa. s 3amaHHOrO (UIBTpa

KOA(DDUIIMEHTHI, ONMPEACINISIIONME XapaKTEPUCTUKU ITOro (UiIbTpa, OJHO3HAUHBI

[1,4,5,20].
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3ameTuMm, 4To PUIbTPALMSI — 3TO, IO CYTH, CBEPTKA CUTHAJIA C UMITYJILCHOM

XapaKTepUCTHKON (HUIbTPa BO BPEeMEHHBIX KoopauHaTtax, T.e. h(K). Ha puc. 2.3, a

MoKaszaHa OJIoK-cxema (uibTpa, ompeneleHue KOTOporo ObLIO /TaHo Bbime. B

TaKOM BHUJE ITOT (QUIBTP MIUPOKO M3BECTEH KaK TpaHCBepcalbHbIN GuibTp. Ha

pUCYHKE uepes 2~ 0603HaYeHa 3a/1epKKa Ha OJIMH MHTEPBAI TUCKPETU3ALINH.
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Tapcpmia (M)

E}

Puc. 2.2. Bzaumnast koppensius cirydaitHoro curnana X(t) ¢ 3agepixanHoi

3alllyMJICHHOU Bepcuel Toro xe curnana y(t). 3agepxka Mexay IByMs

CUT'HAJIaMHU paBHa BPCMCHU OT Ha4dalJla OTCUCTA 10 BPCMCHHU I10OABJICHHA

MAaKCUMYyMa UX B3aUMHOW KOPPEIALMH.
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Kak mpaBwiio, menpto (QuIbTpanuu SBISETCS YCTPAHCHHE WM CHIDKCHHE
nryma B mosie3HoM curHane. Hampumep, Ha puc. 2.3, 6 moka3zaHa HU3KOYaCTOTHAs
bunbTpanus  HEKOTOPOTO  OWOMEAWIIMHCKOTO  CHTHaja Il YCTPaHCHHS
BBICOKOYACTOTHBIX HCKakeHWi. BooOmie B mogo0ubIx chepax mudpoBor GuiibTp
WCIIOJIb3YEeTCSI B OCHOBHOM VIS MHHHMH3AIUM HCKAKCHUH BHYTPHUITOJIOCTHBIX

KOMIIOHCHTOB CHUI'HAJIA.

A} ~ fma=1) e = 2 . ; l.':_[rl—l.l"u'—ll'l

B M [ ] BN -1)

]

Bl
——= pal =} hiiia(a - k)
i

)

Crrsmn so deunTpasnm vy noscne hTpacinK
wid! wlf!
fiy 5 - T T T {ii} 4 prrrTTeTeTTTET TR
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= 3 = 1R E
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g2 0 2 3
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Puc. 2.3. biok-cxema TpaHcBepcalbHOr0O QUIbTpA.

3meck Alk) k= 0,1,....N =1 - xorppuuuentsl GUILTPa, a KaXKIbIH KBagpar C

: o0O3HavaeT 3aJep’KKy Ha OAMH HHTEpBaJl AUCKpeTH3alMM (IaHelb a);
mudpoBasi HU3KOYACTOTHAsA (MBI panus OMOMEIMUIIMHCKOTO CUTHAlla C IENIbIO

yCTpaHeHus myma (maHens 6).
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Jluckpemusie npeobpazosanus. JIUCKpeTHbIE TpeoOpa3oBaHUs MO3BOJSIOT
ONKCHIBATh CUTHAJIBI C JIUCKPETHBIM BPEMEHEM B YAaCTOTHBIX KOOPAMHATAX WIIU
MEPEXOAUTH OT OMHUCAHMSI BO BPEMEHHOM O0JIACTH K ONMCAHUIO B YAaCTOTHOM. J[iis
MOJIYYEHUS] CIIEKTpa CUTHAJI PACKIAABIBAETCSA HA YaCTOTHBIE COCTABIISIIOLIME C
MOMOIIBIO JTUCKPETHOr0 MpeoOpazoBaHusl. 3HAHHE TAKOTO CIEKTpa HEOLEHHMO,
HarmpuMep, Ipu ONPEEICHUN IIUPHUHBI MOJOCH], YTO HEOOXOIUMO AJi Mepenadn
curnana. [lepexos oT BpeMEHHBIX KOOPAMHAT K YaCTOTHBIM HEOOXOIUM BO MHOTHUX
npunoxenusix  [{OC. Hanpumep, oH mno3Boisier Oonee 3hdeKTUBHO
peanuzoBbiBaTh Takue anroputMbl L{OC, kak uudpoBas dunbTpaius, cBepTka u
KOPPEIIALHSL.
CymiecTByeT MHOIO JUCKPETHBIX NpPeoOpa3oBaHUl, M3 KOTOPBIX CaMbIM
pactpoCTpaHEHHBIM SBJISIETCSI TUCKpeTHOe mnpeobdpazoBanne Dypoe (AIID),

KOTOPOC ONpCACIACTCA CIICAYIOIUM 06p330MI

X(n)=Y z(k)W* rue W = exp(—2mi/N).

(2.3)

[Ipumep wucnone3oBanusa JII® mnpusBengen Ha puc. 2.4. 3nech

(n)yn=0,1,... N-1

UMITYJIbCHASI XapaKTEePUCTHKA (PUIIbTPa h , ¢ nomouipto 11D

npeodpa3yercsi B 4aCTOTHYIO.
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2.2. CnekTpajibHble MeTObl 00Pa0OTKHN CUTHAJIOB

Lugposoii cnekmpanbhvili anaiuz — 3TO COBOKYITHOCTh Pa3HOOOPAa3HBIX

METOAOB O0pabOTKHM IM(MPOBBIX CHTHAJIOB, KOTOPBIC IIO3BOJISIOT OIICHUTH
YaCTOTHBIM cocTaB (CIIEKTP) HMCCIEAYEMOr0 CHUTHala. 3ajada CIEKTPaJIbHOIO
aHajgu3a MOXKET HOCHTh KaK CaMOCTOATENIbHBIM XapakTep (Hampumep, B
CEUCMOJIOTUM JIJIsI ONPECIICHUSI TUIIa CEMCMUYECKOT0 COOBITHUS, B Te0(U3UKE NS
MOMCKAa MECTOPOXKJIECHUM MOJIE3HBIX MCKOMAEeMbIX UM Pa3paOOTKU HOBBIX METOJIOB
MOMCKa W T. 1.), TaAK U BCIIOMOTaTeJIbHbIA (B CHCTEMax KOMIIPECCUU pPEUHd U
n3oopaxenwuii) [5,12,16,20].
Juckpemnoe npeobpazosanue @ypve CHEKTpPAIBbHBIA aHAINW3 YacTO HA3bIBAIOT
YaCTOTHBIM aHAIM30M. TepMHUH "4acTOTHBIN" 00s3aH MPOHUCXOXKACHUEM OO0paTHOM
nepemenHon f=1/|t| BpemeHHOrO MpencTaBiacHUs cUrHanoB u GyHKiui. [lorsTue
YaCTOTHOTO TNpeoOpa3oBaHUsi HE CIEAYET CBS3bIBATh TOJBKO C BPEMEHHBIMU
apryMeHTamH, T.K. MaTeMaTUYeCKWW amnmapaT mnpeoOpa3oBaHUs HE 3aBUCUT OT
(GU3MYECKOr0 CMbICTIa HE3aBUCHUMBIX TEpPEeMEHHBIX. Tak, Hampumep, TpHU
nepeMeHHou "X'", Kak eIUHMIE JUTUHBI, 3HaueHue f Oyner mpeacTaBisiTh coOOM
MPOCTPAHCTBEHHYIO YacTOTy C pPa3sMEpPHOCThIO 1/|X| - 4YHCIIO TEepUOAMYECKUX
W3MCHEHUH CUTHaIa Ha eJIMHUIIC JUTHHBI [22].

B 1IOC  BaxHEWIIMMHM  CHUTHAJIAMU  SIBJISIFOTCA  MEPUOJAUYECKUE
MOCJIEIOBATEILHOCTU ¢ nepuojoM oTcueToB N U mocienoBaTeIbHOCTH KOHEUHOU
quHel B N orcueroB. st mepHOAMYECKUX TMOCJIEA0BATEIbHOCTEH BBOIAUTCS
ouckpemnoe npeobpazosarue Pypve (J[I1D).

EIVHCTBEHHBIM YJIE€H 3TOr0 CEMEWCTBA, KOTOPBIA HMMEET OTHOIICHHUE K
udpoBoli 00pabOTKE CUTHAJIOB, — 3TO JUCKpEeTHOE Ipeodpa3oBanne Dypne
(AI1d), koTopoe onepupyeT AUCKPETHOM IO BpEMEHH BHIOOPKOH MEPHOINICCKOrO
CUTHajIa BO BpeMEHHOM obisiactu. J1Jist TOro, 4ToObl OBITH MPEACTABICHHBIM B BUJIC
CYMMBbI CUHYCOUJI, CUTHAJI JJOJDKEH ObITh nepuoaundeckuMm. Ho B kauecTBe Habopa

BXOJHBIX JaHHBIX it JII1® mocTymHo Tobko KoHeuHOE yuciio orcyeToB (N). Oty
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JUIEMMY MOXHO pa3pelIuTh, €CJIM MBICIEHHO MMOMECTUTh OECKOHEYHOE YHUCIO
OJIMHAKOBBIX TPYMII OTCYETOB JI0 M Mocie oO0padaTbiBaeMOM Tpymmbl, o0pasys,
TaKUM 00pa3oM, MaTEMAaTHIECKYIO (HO HE pealbHYIO) MEPHUOANIHOCTb.
dyHIaMeHTanbHOe ypaBHeHHME i nonydeHuss N-rodeynoro JII® Beirsaaur

CJIETYIONTUM 00pa3oM:

1 N-1 m . 1 N-1
X(k) =ﬁ Z :-;{11)&_-]'”1]1{ /N =ﬁ Z:{(nj[cos(2 mk /N) —jsin( 2k /N)]
n=0 n=0 (2.4)

[lo OTHOWIEHHIO K OTOMY YpPaBHEHHUIO CJEAyeT CcJliellaTh HEKOTOphIe
TepMuHosiornueckue pasbsicHeHus. X(K) (mpommchHas OykBa X) mpeacTaBiiser
coboii vactoTHbld Beixox JIII® B K-0if Touke cmekrpa, riae K HaxomuTcs B
muarna3one oT 0 mo N-1. N npejacraBiser co00i YHUCI0 OTCUETOB IIPH BHIYUCICHUH
JI1D.

O6parure BHuUManue, uro "N" He ciemyer myTaTh C pa3peliaroliei
criocobHocThio AL mim 1IAII, koTopast B Ipyrux riaBax JaHHOW KHHUTH TaKkKe
ob0o3Havaetcst OykBoit N.

3nauenue X(N) (crpounas OykBa X) HMpeACTaBisCT cOOOM N-bIif OTCYET BO
BpEMEHHOM 00J1acTH, T/e N Takxke HaxoauTcs B auanazone ot 0 1o N-1. B oGmiem
ypaBHEHUHU X(N) MOXKET OBITh BEIICCTBECHHBIM HJIH KOMIUICKCHBIM.,

OOpatuTe BHUMaHHE, 4YTO KOCHHYCOUJAIbHbIE U CHHYCOHUJAJbHbIC
KOMIIOHEHThl B YpPaBHEHUHM MOTYT OBbITh BBIPAKEHBI B MOJAPHBIX WU
IPSAMOYTOJIBHBIX KOOPAWHATAX, CBSA3b MEXKY KOTOPBIMH OmpenenseTcs: hopMyion

Ditnepa:

e’®=cos0+]sinb 25)

Beixomuoii criektp AIID X(K) siBisieTcst pe3yabTaToM BBIYUCICHUS CBEPTKH
MEXIy BBIOOPKOH, COCTOSIIIIEH W3 BXOJHBIX OTCUETOB BO BPEMEHHOW O0JAacTH, U
HaOopom u3 N map rapMOHHYECKMX Oa3UCHBIX (YHKIHUH (KOCHHYC W CHHYC).
Konuenmuio Xopouo WIIIOCTPUPYET puc.5.4, Ha KOTOPOM HpeJCTaBiIeHA
BCIIECTBEHHAsT 4YacTh IMEPBBIX 4YETBIPEX TO4YEK crekTpa (IOKa3aHbl TOJBKO

KOCHHYCOHW/IaJbHbIE TrapMOHMYEeCKHe Oa3ucHbie (¢GyHkimu). [lomoOHas ke
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IpoIeaypa UCTIONB3YeTCs AJI BBIYUCICHUS MHHMMON YacTH CIIEKTpa Ha OCHOBE
CUHYCOUIATBHBIX ()YHKITHIA.

[lepBass Touka X(0) siBisieTcss MPOCTOH CYMMOW BXOJHBIX OTCUETOB BO
BpeMeHHOH oOisactH, moromy 4ro C0S(0) = 1. Koaddumment macmrabupoBaHus
1/N He yuuThIBacTCsS, HO JODKCH IPHUCYTCTBOBAaTH B KOHEYHOM peE3yJIbTaTe.
Oo6parute BHuManue, uto X(0) — 3TO cpepHee 3HAYCHUE OTCYECTOB BO BPEMEHHOM
00J1acTH, WK MPOCTO CMEIICHHE IO MOCTOSHHOMY TOKYy. Bropas Touka ReX(1)
NOJly4eHa YMHOXXEHHEM KaXXJOoro OTcueTa U3 BpPEMEHHOW 00JlacTh Ha
COOTBETCTBYIOIIIEE 3HAYEHUE KOCUHYCOUIbI, UMEIOUIEH OAWH IMOJHBIA Mepuoja Ha
uaTepBaige N, ¢ MOCIeAyOmUM CyYMMHUPOBAHHEM pE3yJbTaTOB. TpeThs ToOUKa
ReX(2) nmonyueHa yMHOXCHHEM KaXKJIOrO OTCUYETa M3 BPEMEHHOW 00JIacTH Ha
COOTBETCTBYIOIIYIO TOUYKY KOCHHYCOUIBI, KOTOpasi UMEET J[Ba MOJIHBIX MEepHoa Ha
uHTepBane N, ¢ MOcCleqylmuM CyMMHPOBaHHEM pe3yabTaToB. TOYHO Tak ke,
gyerBepTas Touka ReX(3) monyueHa yMHO)KCHHEM Ka)KJIOTO OTCUETA M3 BPEMCHHOU
o0lacT Ha COOTBETCTBYIOIIYIO TOYKY KOCHHYCOUIBI C TpeMsl MOJIHBIMU
nepuojaMu Ha uHTepBajie N U CyMMHpPOBAHHMEM pE3YJIbTATOB. IDTOT MPOIIECC
POAOJIKAETCS, TOKa He OynyT BbiurciieHbl Bce N BhIXOIHBIX oTcueToB. [lomoOHas
npoIenypa, HO C HMCIOJIb30BAaHUEM CHHYCOW, TPHUMEHSETCS IJs BBIYUCICHUS
MHUMOW YacTH YacTOTHOrO crekTpa. KocuHycouabpl W CHHYCOWABI SIBISIOTCA
0a3uCHBIMU (PYHKLIMSAMH JAHHOTO TPeoOpa3oBaHus.

[IpenmonoxxuM, YTO BXOJHOM CHUTHAJ SBISETCS KOCHHYCOWJANBHBIM,
umeroM nepuoa N, To ecTb OH COAEpPXKHUT OAMH MOJIHBIM MEepHoJ B Hamien
BbIOOpKe. Takke mpuMeM ero amImuTyay U ¢a3zy HWIACHTUYHBIMU TE€PBOM
KOCHUHYCOUJIaTbHOM OazucHOU (yHKIHH cos(27tn/8). BeIXOIHON CHEKTP COAEPKUT
onHy HenyneByr Touky ReX(1), a Bce apyrue toukum ReX(K) sBisrorcs
HyJeBbIMU. [Ipeanonoxum, 4To Ternepb BXOJHAS KOCMHYCOHWJA CIABUHYTa BIIPABO
Ha 90° 3nayeHume CBEPTKHM MEXKIY HEH U COOTBETCTBYIOIIEH Oa3ucHOU

KOCHMHYCOUJIAJIbHON (PyHKIIMEN paBHO HYIIIO.
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BPEMEHHAA OBNACTb BA3NCHBIE OYHKLUK YACTOTHAA OBNACTL
(k=0)

L T

0 NI2 N-1 k=D Ni2 Nt

(k=1)

ReX(3)

0 k=3 Ni2 N-1

Puc. 2.5

Ho anroputm mpeoOpa3oBaHMs MpeaIoiaraeT BhIYUCICHHUE CBEPTKH C 0a3WCHOU
dyskmuer sin(27n/8), Heooxomumoe g noaydenus ImX(1). DTo mokasbiBaer,
noueMy He0OXOJMMO PacCUUTHIBATH M BEIICCTBEHHBIC, © MHUMBIC YACTH CIIEKTpa
JUTSL OTIPEIETICHUS U aMIUTUTY Bl ¥ (pa3bl YACTOTHOTO CTIEKTpA.

OOparuTe BHHUMaHHUE, YTO CBEPTKA CHHYCOUIAIbHON /| KOCHHYCOMIAIbHOM
byHKIIMK JTF000M YacTOTHI, OTJIMYHOM OT 4YacTOThl 0a30BOM (YHKIMH, JaeT
HyseBoe 3Hauenue u st ReX (1), u st ImX(1).

[Tono6Has mporenypa npuMeHsieTcs npu BeiuuciaeHuu ooparaoro JAIID s
BOCCTAHOBJICHHSI OTCUETOB BO BPEMEHHOM 00jacT X(N) U3 OTCYETOB B YaCTOTHOM

oomactu X(k). CooTBeTcTBYIOIIIEE YPABHEHUE BHITJISIUT CIICIYIOIIMM 00pa3oMm:

N-1 4 N-1
x(n)= Xlikjlf."]m"lﬂ{ N _ Z X(k)[cos(2mnk /N) + jsin( 2mnk /N)]
k=0 k=0 (2.6)

CymectByer naBa ocHoBHbiXx Tuna J[I[I®D: BemectBenHoe JIID wu
komiuiekcHoe JIII®D. VYpaBHeHus, mnpeacraBieHHble Ha pHUC.2.06, OMUCHIBAIOT

koMmmuiekcHoe JIII®D, rme W BXOAHBIE, M BBIXOJHBIC BEIUMYHHBI SBJISIIOTCS
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KOMIUIEKCHBIMU 4HcliaMU. Tak Kak BXOJHBIE OTCYEThI BO BPEMEHHOW 00JacTu
SIBJISIFOTCSl BEILIECTBEHHBIMUA M HE UMEIOT MHUMOM YacTH, MHAMAas 4acTb BXOJHBIX
OTCYETOB Bcerja mnpuHuUMaercs paBHoi Hymo. Bwixon D X(k) comepxkur
BEIIECTBEHHYIO 1 MHUMYIO KOMIIOHEHTBI, KOTOPbIE MOTYT OBITh NMPEOOPA30BaHbI B
aMILUTUTYyy U (azy.

BemecrBennoe J{I11® BBITIISIAUT HECKOJIBKO MPOLIE U, B OCHOBHOM, SIBJISIETCS
ynpoueHuem KoMmiuiekcHoro JIII®. BonpMHCTBO alrOpUTMOB BBIYUCIIEHUS
obicTporo mpeobpazoBanuss DPypre (BIID) cocTaBiaeHO ¢ HCIOIB30BaHUEM
¢opmara xomriuiekcHoro JII1®, mo3ToMy BakHO TMOHMMATh, Kak paboTaeT
koMmIuiekcHoe JII1®D u kak 0HO COOTHOCUTCH C BemecTBeHHbIM JII1D. B wactHOCTH,
€CJIM W3BECTHBbl BBIXOAHBbIE YacTOThl BemecTBeHHoro JII® wu Tpedyercs
UCIOJIb30BaTh oOpaTHOoe KomIiuiekcHOoe JIIID nns BEMMHCIEHUS OTCYETOB BO
BpEMEHHON o00JacTd, HAAO0 3HATh, KaK pa3MECTUTh BBIXOJAHBIE TOYKU
BemectBeHHoro JIII® B ¢opmare xommiekcHoro JIII® mepem BbuImoOIHECHHEM
obpaTtHoro komruiekcHoro JII1®.

KommiiekcHoe JII1® nmeeT BelleCTBEHHbIE I MHUMBIE 3HAUEHUS U HAa BXO/JIE,
U Ha BbIXoje. lIpakTWyeckd, MHHUMbIE YaCTU OTCUETOB BO BPEMEHHOW 00JacTH
YCTAHABJIMBAIOTCA B HOJb. [lpu paccMOTpeHUM CHEKTpa, IMOJy4yaeMoro B
pe3yJsibTaTe BhIYUCIEHUS KoMIUIeKCHOro JII®D, mone3Ho 3HaTh, Kak CBS3aTh €r0 C
pe3yabTaToM BhIYMCIEHUs BemecTBeHHOro J[II® m HaobopoT. 3amrpuxoBaHHBIC
00J1aCTH B UarpaMMe COOTBETCTBYIOT TOUKAaM, KOTOPBIE SIBIISFOTCS] OOIIUMU U JIJIS
BEIIECTBEHHOI 0, Y JIJIsI KOMIUIEKCHOTO J(I1D.

[Ipu 1mdpoBOM CHEKTPAIILHOM aHAJIU3€ C MOMOIIBIO TpeJIaraeMbiM METOOM
MOYKHO peIIaTh CIEAYIOIINE 3aaun: aHaInu3aTophl crekTpal | o6paboTka peun| |

00paboTka n3obpakeHuii[ | pacrosHaBanue 00pa3zon[ |
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HYACTOTHAA OBNACTBE << An<e << BPEMEHHAS OBNACTB

N—1 —jzﬂnk N—1
e 2L S 2rnk . . 27nk
X{k)=1ﬁix(n)e N =FZ x(n)|cos — —JS"'_N:|
n=0 n=0
: N1
—j2n =1ﬁ >y K(H)WNnk , 0< k= N-1
WN=eN n=0

BPEMEHHASA OBNACTb << OBPATHOE AMN® << 4YACTOTHAA OBNACTb

N-1 J2rnk N1 27 nk 2r nk

x(n)= Y Xke N = X X(k}[:os Nt jsin‘TT]
k=0 k=0
N1

= X XKWynk 0<n<N-1
k=0

Puc. 2.6 KommekcHoe nuckperHoe mpeodpazoBanue Oypne

IIpoexmuposanue @uibmpog:[ ] BBIYUCICHUE HMITYJILCHON XapaKTEPUCTUKH TI0
Y4aCTOTHOM[ |;BRIYMCIICHNE YACTOTHOW XapaKTePUCTHKH 10 UMITYILCHOM[ .
bvicmpoe npeobpazosanue @ypve. 13 Beipakenuit JJI1D MoKHO BUAETH, YTO JJIs
BBIYMCIIEHUS KaXX10M TapMOHUKH HYKHO N oIepanuii KOMIIIEKCHOTO YMHOKEHUS
W CIIOKCHUS H COOTBETCTBEHHO N° onepanuii Ha nosiHoe BbinonHeHue JI1D. [Ipn
00bIINX 00bEMax MAaCCUBOB JJAHHBIX 3TO MOXKET MPUBOJUTH K CYIIECTBEHHBIM
BPEMEHHBIM 3aTpaTaM. Y CKOPEHHUE BBIYMCIICHUM JOCTUTAETCS IIPU UCIIOIb30BaHUN
obicTporo npeobdpazoBanus Oypebe.

Brictpoe npeobpazoBanue dypoe (BI1D, fast Fourier transform - FFT). On
O0asupyercst Ha TOM, UYTO IPHU BBIYMCIEHUSX CPEId MHOXUTENIEH (CHUHYCOB M
KOCHUHYCOB) €CTh MHOI'O MEPUOJMYECKH IOBTOPSAIOIIMUXCS 3HAuY€HUU (B CHILY
nepuoguuHoctd  QyHkuui). Anroputm bBII® rpynnupyer crnaraembie ¢
OIMHAKOBBIMM ~MHOXUTEISIMH B NHUPAMUIAIBHBIA  AJrOPUTM, 3HAYUTEIIBHO
COKpAIllasi YUCIIO YMHOXEHHUHN 3a CUET HCKJIIOUYEHUS MOBTOPHBIX BBIUKCICHUU. B
pesynbrate ObicTpoaeiictBue BII® B 3aBucuMoct oT N MOXET B COTHH pa3

MIPEBOCXOAUTh OBICTPOAECUCTBUE CTaHAAPTHOro anropurtMma. [lpm stom cruemyer
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NOAYEPKHYTh, 4TO anroputM bII® paxe TouHee craHmapTHOro, T.K. COKpalias
YKCIIO ONepaluid, OH MPUBOAUT K MEHBLIUM OIIUOKAM OKPYTJICHUS.

s mornmanus npuHIUNOB padotsl BIID, paccmorpum JAIID Ha 8 Touek,

NpeCTaBICHHOE Ha puc.2./ B pa3BepHyToM Bujae. OOpaTtuTe BHUMaHHE, YTO IS

YIPOIICHUA Ta6J'II/II_[I>I MBI BBOAUM CJICAYIOIICC OIPEACIICHHUEC:

7 — o 2w
T'.-}Ir}q = (27)

OTO0 BemeT K OmnpeaeieHuio Kod3()(GUIMEHTOB TOBOpoTa (MTOBOPAaYMBAIOIINX

MHOYHUTEIICH):

"mrlr:qﬂl: = —J_:'JIﬂJ.-L'I‘\_ (28)

Kospdunmentsl mnoBopoTa MpPenCTABISIOT Oa3UCHBIE TapMOHUYECKHUE
(GyHKIMH, 3aTTMCaHHBIE B 3KCIIOHEHIIHAIBbHOH (popme. OOpaTtute BHUMaHue, YTO 8-
toueunoe JIID, mpencraBienHoe Ha auarpamme, TpeOyer 64 onepauuii
YMHOXXEHHUS ¢ KoMIIeKCHbIMU uuciamu. N-toueunoe J[I[1D tpedyer N2 omeparuii
YMHOEHHS C KOMIUIEKCHBIMU YHCJIaMHU. 3HAHUE KOJIMYECTBA YMHOKECHHUH BaXKHO
NOTOMY, YTO Ha peaIM3alHI0 OINEpaldii yMHOXEHUS  3aTPayuBarOTCS
CYILIECTBEHHbIE BBIYUCIHTENbHBIE pecypchl DSP. B nelictBurenbHOCTH, oOIee
Bpemsi, Tpedyemoe st Bbrumcienus JIID, mpsiMo mNponopuuoHaIbHO YHCITY
YMHOKEHUN ¢ y4€TOM HEOOXOIMMOT0 YUCa IOMOJHUTEIbHBIX ONEPaIIHil.

Brictpoe npeodpazoBanue Oypoe (FFT) sBnsiercs e Gonee yeM aaroputMom
st yckopeHHoro BbruuciieHus 1D myrem cokpamenuss TpeOyemoro umucia
orepanuii YMHOXKEHHS U clIokeHus. J[aHHOe mpeoOpa3oBaHne ObLIO TPEII0KEHO
Kymu n Taku (J.W.Cooley u J.W.Tukey) B 1960-b1x romax.

J1i1st moHnmManust OCHOBHBIX KOHIeNu bIIM u ero mpoucxoxaeHus, mojie3Ho
oOpatuth BHUMaHue, uro JIID, mokazanHoe Ha puc.2./ B pa3BEepHYTOM BHJIE,
MOKET OBITh CHJIBHO YIIPOILEHO, €CJIU HCIOJNb30BaTh CBOMCTBA CHUMMETPUHU U

NEePUOANYHOCTH KO3 ((DUITMEHTOB IMOBOPOTA, KaK MOKa3aHo Ha puc.2.8.
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1N—1 —j2nnk 1N—1 —j2r
X(k)== Y x(nje N =- X x(n)Wnk W =e N
N N N N
n=0 n=0

X(0) = X(OW 0+ x(W 0 + x(2W 0 + x(B)W 0 + x(A)W 0 + x(5)W 0 + x(B)W .0 + x(T)W O
X(1) = x(OW 0+ x(W 1 + x(2W 2 +xB)W 3 + x(@)W * + x(5)W 5 + x(B)W B + x(T)W ;7
X(2) = X(OW0  +x(W g2 +x(2JW g* + x(3)W 55 + x(4)W ;B + x(5)W 510+ x(B)W 512 + x({T)W 514
X(3) = X(OW " s x(W P +x(2JW 5 + x(3W P + x(4)W 12+ x(5)W 15 + x(B)W ;18 + x(T)W ;21
X(4) = X(OW0  +x(Wg* + x(2JW g8 + x(3)W 512+ x(4)W 516 + x(5)W 520 + x(B)W 524 + x(T)W 428
X(5) = X(OW "+ (W5 + x(2JW 510+ x(3)W 15 + x(4)W 520 + x(5)W 525 + x(B)W 520 + x(T)W ;3°
X(6) = X(OW 0+ x(1)W 5 + x(2JW 12+ x(3)W 18+ x(4)W 2%+ x(5)W ;30 + x(6)W 36 + x(T)W ;42
X(7) = x(OW 0+ x(NW 7+ x(2JW 14+ x(3)W 21+ x(4)W 28 + x(5)W 35+ x(6)W 342 + x(T)W ;49

NZYMHO}I{EHHI:‘I C KOMNNeKCHeIMK YUCIamMK

1 y y
N He y4TeHHBIN MaclWuTabHbIM KO3 PULUNEHT

Puc. 2.7. 8-roueunoe 1D (N = 8)

npeoopazoBanne Dypre (FFT), xkoropoe tpedyer Tompko (N/2)log2(N)
YMHOXXEHHH KOMIUIEKCHBIX uwncen. BeruncnurensHas 3¢ dextuBHOCTh BIID 10
cpaBHeHMIO ¢ 11D cTaHOBHUTCS BECbMa CYIIECTBEHHOM, KOTJa KOJIMYECTBO TOYEK
BII® yBeauumBaercss A0 HECKOJIBKMX THICAY, KakK 3TO cjieayer w3 puc.2.9.
OueBuaHO, 4To BII® BRIUHUCIAET BCe KOMIIOHEHTHI BBIXOHOT'O CIIEKTpa (WK BCe,
win HU oxaHoro!). Ecim HeoOXOAMMO paccYMTaTh TOJBKO HECKOJIBKO TOYEK
crektpa, 1D moxer oxazatbes Oosiee 3PpdekTUBHBIM. BhluncieHne oaHOTO
BBIXOJIHOI'O OTCYeTa ChekTpa ¢ wucnoias3oBanuem JIII® tpedyer Tombko N

YMHO)KCHI/Iﬁ C KOMIINICKCHBIMH YHCJIaMU.
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B BEN<$ AaenaeTcA NUWb anropuTmMom 3dpdpeKTUBHOrO Ebl4McreHua ON$
B BbiyucnuteneHas 3ygeKTUBHOCTE N-Tove4Horo Brie:

BbIMUCNEHWA ¢ KOMNMNEKCHBIMU YUcnamm
B BN$: (N/2) Iogz{N) BbI4YMCNEHNA C KOMMNMNEKCHbLIMKW YUcnamMu

B One:

N2

N YmHoxeHnn npyu ON®| YmHoxennid npu BMN® | DddhektnBHocTe BMNO
256 65,536 1,024 64:1
512 262,144 2,304 114 :1
1,024 1,048,576 5120 205:1
2,048 4,194,304 11,264 372:1
4,096 16,777,216 24,576 683 :1

B ympomennoun

BO3JIE CTPEJIKH,

Puc. 2.9 BII® no cpasuenuto ¢ 11D

AuarpaMmce Orcpanvn YMHOXCHHA IMOMEYAKOTCSA MHOXHTCICM

a noJ CYMMHMPOBAaHMEM NOAPA3YMEBAIOTCS JBE CTPEJIKH,

CXOOAMHUECA B TOUYKE.

2.3. @uabTPaIUs CHTHAJIOB ¢ HCMO/JIb30BAHHEM JINHEIHBIX METO/I0B

Bo BpeMeHHoO# oOsacTh HaumOoliee MOMYJISIPHBIMU MeToAamMH (UIbTpaIu

ABJISIFOTCSL PEKYPCHUBHAsI M HEPEKYPCHUBHASI (PUITBTPALIUH.

B omHOMEpPHON AMCKPETHOM JIMHEWMHOM CUCTEME CBSI3b MEXIY BXOAOM U

BBIXOJIOM (BXOJHOM U BBIXOJHOM AMCKPETHBIMU MOCIEI0BATEIbHOCTSIMU 3HAUECHUN

CUTHaja — OTCYETaMH), 3aJaeTCs JMHEHHBIM orepaTtopoM nmpeodpazoBanus TL:

y(kAt) = TL{X(KAD)}

(2.10)

OTO BBIpAXXEHUE OTOOpPAXkKaeT KPATKYI 3alUCh JIMHEHHOrO0 Pa3HOCTHOIO

YPaBHEHHS:

> an Y(KAEMAR) = 3. by X(KAt-nAY),

rae k = 0,1,2,..-

(2.11)

MOPSIAKOBBIM HOMEP OTCUETOB, At - MHTEpPBAI AUCKPETHU3ALNN

CHraajla, am H bn - BCIICCTBCHHLIC MHJIM, B O6H_ICM CiIydyac, KOMIIJIICKCHBIC
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kodpdunmentsl. Ilomoxkum a; = 1, 4TOo Bceraa MOXKET OBITH BBITOJIHEHO
COOTBETCTBYIOIIEH HOPMHUPOBKOW ypaBHeHUs (2.11), u, mpuHUMas B JaibHEHUIIIEM

At =1, mpuBeneM ero K BUAY:
y(k) = 2 bax(k-n) = > amy(k-m) (2.12)

OmnepaTop, MpencTaBICHHBIN MPaBOil YaCThIO JAHHOTO YPaBHEHHUS, TTOTYUYNIT
Ha3zBaHue nudposoro punstpa (ILIP), a BeImoTHSIEMas UM omepanus - nuPpoBOn
bunbTpanuu naHHbIX (MHGOpManMKM, curHainoB). Eciu xoTs Obl oauH U3
K03 (DUIIMEHTOB ay WK b, 3aBUCUT OT MEepeMeHHOW k, TO (GuibTp Ha3bIBaeTCs
napamMeTpuyeckumM, T.e. C IEepeMEHHbIMU mapamerpamu. Himke wmbl Oyaem
paccMaTpuBaTh PUIBTPHI C TOCTOSHHBIMUA KO3(PGULIMEHTaMH (MHBApUAHTHBIMU 110
apryMeHTy).

Hepexypcusnaa ¢unempayus. 1lpu HyneBbIX 3HaYEHUSX KOIPPULHUEHTOB an
YpaBHEHUE NEPEXOJHUT B YPABHEHUE JIMHEHHOW IUCKPETHON CBEPTKU (YHKLIHH

x(k) c omepatopom by:
y(k) = > byx(k-n) (2.13)

3HaueHHUsS BBIXOJHBIX OTCYETOB CBEPTKH [ JII0OOro aprymenra k
OMPENIENAIOTCA TEKYIIUM U "MPONUIBIMU" 3HAYEHUSIMHU BXOJHBIX OTCUETOB. Takoi
¢ubTp HaszbpiBaeTCs HepeKkypcuBHBIM 1HU(poBeiM ¢(uinbTpom (HLD). WuTepBan
CYMMHUpPOBaHMS 1O N TMOdAy4yw1 Ha3Banue "okHa" Quibtpa. OkHO (uIbTpa
cocraBisier N+1 orcuer, QuIbTp SABIAETCA OAHOCTOPOHHUM Kay3allbHbIM, T.€.
NPUYUHHO OOYCJIOBIICHHBIM TEKYIIMMU U "TPOLUIBIMUA" 3HAUYEHUSIMH BXOJHOTO
CUTHAJIa, U BBIXOJHOM CHUTHAJ HE omnepexkaer BxoaHoro. Kay3anbHblli QUIbTp
MO3KET OBITh peann3oBaH PU3NYECKH B peanbHOM MaciuTadbe Bpemenu. [lpu k<n, a
Takke npu k<m s punetpa, npoeneHue GUIbBTPALMU BO3MOXKHO TOJBKO MPHU
3aJJaHUM HAaYaJIbHBIX ycioBHi it Touek x(-k), k = 1,2,...N, u y(-k), k = 1,2,..,M.
Kax npaBuiio, B KauecTBEe HaA4aJIbHBIX YCIOBUI MPUHUMAIOTCS HYJIEBbIE 3HAUEHUS
iy 3Hauenus orcuera x(0), T.e. npomsienne orcuera x(0) Ha3a Mo apryMeHTy.

[Ipu oOpaGotke manHbIXx Ha OBM orpanudeHne 1O Kay3aJdbHOCTH
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cHuMmaercs. B mporpamMMHOM pacnopsbkeHuH (GUIbTpa MOTYT HaXOAMThCS Kak
"mpouuisie”, Tak U "Oyayniue" 3HaY€HUs BXOJHOM MOCIEA0BATEIbHOCTH OTCYETOB
OTHOCHUTENBHO TEKYIIEH TOUYKU BBIYMCIEHHUH K, IpH 3TOM ypaBHEHHE OyleT UMETh

BHU/:
y(K) = z b X(K-n) (2.14)

I[Ipu N'=N  ¢uabTp Ha3pBaeTcs JBYCTOPOHHUM  CHUMMETPUYHBIM.
CummMeTpuuHbie (PUIBTPHI, B OTIIMYNE OT OJJTHOCTOPOHHUX (PHIBTPOB, HE H3MEHSIOT
¢a3pr 00pabaThIBAEMOT0 CUTHAIA.

Texnuka BbBINOAHEHUS (QUIBTPAlMM HE OTIMYAETCA OT TEXHHUKHU
BBITNOJIHEHNS OOBIYHOM TUCKPETHOM CBEPTKH JIBYX MACCUBOB JJaHHBIX.

[TpencraBuM, 4TO Ha OAHOM MOJIOCKE OyMaru BHIIUCAHBI IO MOPSJIKY CBEPXY
BHM3 3HaueHus AaHHbIX X(k) = sx. Ha BTopoii mojocke Oymaru HaxomsTcs
3anvcaHHble B OOpaTHOM MOpsJiKe 3HaueHus koddduuueHtoB ¢uiabTpa b, = h,
(o6o3nauenne h g koadduumentoB  omeparopoB  HIID  saBnsgercs
obmenpuHATeiM). Jns Beuucienus yx = y(k) pacmomaraeM BTOpPYHO MOJIOCKY
MPOTUB MEPBOM TakuM 00pa3oM, 4TOOBI 3HauUeHUE hy COBMAIO CO 3HAUEHUEM S,
MepEeMHOKaeM BCe 3HaueHUs h, C pacronoKeHHBIMU IPOTUB HUX 3HAUEHUSAMU Sk,
U CYMMHPYEM BCE PE3yJIbTaTbl NEPEMHOXKEHUS. Pe3ynbTaT CyMMHUPOBaHUS
SIBJISIETCSI BBIXOJHBIM 3HaUEHHEM cUTHasa yy. CABUraeM OKHO (UIIBTpa - MOJOCKY
K03 PUIMEHTOB hy, HA OMH OTCUET MOCIIENOBATEILHOCTH Sk BHU3 (MM MacCHB Sk
CABUTAaEM Ha OTCUET BBEPX) M BBIYUCIISIEM AHAJIOTMYHO CIEAYlollee 3HAayeHUue
BBIXOAHOT'O CUTHAja, U T.[I.

OnucaHHbIi mpouecc SBISETCS OCHOBHOM  omepanued  1ugpoBoi
(GuIbTpayy, 1 Ha3bIBAETCSl CBEPTKOM B BEIIECTBEHHOH 00JaCTH MacCUBa JaHHBIX
x(k) ¢ d¢dynkumeit (omeparopom) dunbTpa b, (MaccuBoM K03 (UIIMEHTOB
¢uibTpa). s MaTeMaTHUECKOro OMUCAHUS MPUMEHSAETCS TaKKe CUMBOJIMYECKasl
3anuch (PUIbTPALIUU:

y(K) = b(n) ~x(k-n) (2.15)

Cymma koddduimenToB GuibTpa ompeaenseT KodhPUIUMeHT mepenadn



44
(ycuneHus1) CpelHMX 3HAYeHUH CUTHaia B OKHE (QUIbTpa W IOCTOSHHOM
COCTABJIAIONIECH B II€JIOM IO MACCHBY JAHHBIX (C YUYETOM HAyaJIbHBIX U KOHEYHBIX
ycnoBuit). Kak npaBumno, cymma kosddunrenToB puiibtpa HOpMHUpyeTcs K 1.
Pexypcuenasa ¢unvmpayus. OunbTpbl, KOTOPbIE OMNUCHIBAIOTCS MOIHBIM
Pa3HOCTHBIM ypaBHEHUEM, NPUHATO HAa3bIBaTh PEKYPCUBHBIMU LHU(PPOBBIMU
buwnbTpamu (PL{®), Tak Kak B BBIUUCICHUU TEKYIIUX BBIXOJHBIX 3HAYCHHI
YYaCTBYIOT HE TOJbKO BXOIHBIE JIaHHbIE, HO M 3HAYEHHS BBIXOAHBIX JAHHBIX
GunbTpaluy, BBHIYKMCICHHBIE B MPEAUIECTBYIONIMX LUKIax pacyeroB. C ydeTom
nociieqHero ¢akropa peKypcUBHbIE (DWIBTPHI HA3BIBAIOT TakkKe (QUIBTPAMH C
00paTHOM CBSI3bI0, MOJIOKUTEIBHOW MM OTPUILIATENIbHOM B 3aBUCUMOCTH OT 3HaKa
CyMMbI KO3()PUMEeHTOB an. [1o cyiiecTBy, NOJIHOE OKHO PEKYPCUBHOIO (hHIIbTpa
COCTOMT W3 JIByX COCTABJISIONIUX: HEPEKYPCHUBHOM dYacTu b,, OrpaHWYEHHOU B
pabore TeKymMMU ¥ "TpOUUIBIMH" 3HAYEHUSIMH BXOJHOTO CHTrHana (mpu
peanuzanuu Ha DBM B0O3MOXXHO MCTIOIB30BaHKUE U “OYyAyIIUX OTCUETOB CHTHAjA)
U PEKYpPCHUBHOMW YacTH apy, KOTopas paboTaeT TOJbKO ¢ "MpOHUIbIMU" 3HAYECHUSIMU

BBIXOAHOI'O CUT'HaJIa.

BriBoabI
Bo BTOpO#i Ti1aBe MOMYYEHBI CIEAYIONINE OCHOBHBIE PE3yIbTATHI:
1. Ananu3upoBaHbl KIIOUEBbIE onepanuu u(poBoit 00pabOTKH CUTHATIOB.
2. UccnenoBaHbl CIIEKTPATbHBIE METOIBI 0OPAOOTKH CUTHAJIOB.
3. PaccMoTpenbl MeTonbl (UIABTPAIMHM CHUTHAJIOB C HCIOJb30BaHUEM

CIICKTPAJIbBHBIX MCTOOOB.
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I'JIABA 3. AHAJIM3 U BBIBOP YCTPOUCTB LIU®POBOU
OBPABOTKH CUT'HAJIOB

3.1. ApxuTekTypa cieuuaJau3upoOBAHHBIX MPOLECCOPOB 00PA0OTKHM CUTHAJIOB

B konne 70-X TroAOB MOABWIKMCH TIEPBBIE  CIELHAIN3UPOBAHHbIE
IPOIIECCOpPBI, TPEIHA3HAYCHHBIC JUIsl BBIMOJIHEHUS aQJITOPUTMOB HH(PPOBOH
oopabotku curnanoB (ILIOC) B peanbHOM MaciiTabe BpemeHu. YacTo B iureparype
TaKu€ MHKPOMNPOLIECCOPbl HA3BIBAIOTCS CHUTHAIBHBIMM  MHUKPOIIPOLIECCOPAMHU
(CMII) wmm 1uudpoBeiMu  Tporieccopamu  00padoTku  curHajgoB (L[TTOC).
[TossBnenue CMII Obl10 00YCHOBIEHO HECKOJBKMMU NpUYMHAMH. Pa3Butue
teopun [{OC mpuBesno K MOSBICHUIO PA3IUYHBIX AJITOPUTMOB, KOTOPHIE MOIJIU
MPaKTUYECKU HCIIOIb30BATHCS BO MHOTMX 001acTsX TeXHUKH. Cpenu HUX MOXKHO
OTMETHUTh aJTOPUTMBI HEPEKYPCHUBHOW M PEKypCHUBHOW (UIbTparu, OBICTpoe
npeobpazoBanue Dypre (BIID) u apyrume. [lepBoHauambHO BHEApPEHUE D3THX
METOJ0B OCHOBBIBAJIOCh HAa HCMOJb30BAHUU WMHTETPAIbHBIX MHKPOCXEM MaJIOW U
cpenHel crerneHu uHTerpanuu. [Ipu 3ToM ObUT TOCTUTHYT KAYECTBEHHBIN CKauOK
10 OTHOIIEHUIO K amnmaparype ¢ aHaimoroBoit oOpaborkoii. locromncta [HOC
MO3BOJIJIA IOOUTHCSI BBICOKOW TOYHOCTH OOpaOOTKM CUTHAJIOB, CTaOWMIBHOCTU U
MNOBTOPSIEMOCTH XapaKTEPUCTUK, BBICOKOM HAAESKHOCTU anmnaparypbl. OJHaKo
ucnonbzoBanue MMC He mM03BOJAMIO CHU3UTh MaccorabapuTHbIE MOKa3aTenlu
anmnaparypsl, IO3TOMY BO3HHUKIJIA HEOOXOUMOCTh PEAJIM30BATh TAHHBIE METO/Ibl Ha
0oJiee COBpeMEHHOM AJIEMEHTHOM 0ase.

JIpyruM BaXXHBIM MOMEHTOM TMpEAIIECTBOBAaBIIMM TMosiBieHU0 CMII
SBUJIOCh PA3BUTHE TEXHOJOTMU HW3TOTOBJIEHUS MHUKpOcXeM. VIMEHHO TOsIBIEHUE
MUKPOHHBIX M CYOMHUKPOHHBIX TEXHOJOTHMH Tmo3Boamwio co3aarb CMII ¢
HECKOJIBKUMH JIECATKAMHU ThICSIY TPAH3UCTOPOB Ha KpHUCTaIe, MOTpeOIeHUEM
MOIIHOCTH TOpPSAKa OJTHOTO BaTTa M OBICTpOJEUCTBHEM Ooliee 5-U MUIUIMOHOB
ormepanuii B CEKyHJy. OTH TEHJEHUMUM Pa3BUTUSA HAYKM UM TEXHUKU
CTUMYJUPOBAINCH TOCTOSHHO BO3PACTABIIMMH TOTPEOHOCTAMHM NpPAKTUKH. B

CBOIO O4UCPCAb IPAKTHUKA BCC BPEMA OPUCHTHPOBAIACHh HAa NOCTHUIXCHHA HAYKHU U



46
TEXHUKU. TakoW B3aMMHBIM IIPOLECC B KOHIIE KOHIIOB W IIPUBEJ K IOSBIIEHUIO
CMII. Vxe nepele CMII mnokasanum HMX 3HAYMUTENBbHBIE MPEUMYILIECTBA IS
peanmuzaunu anroputMoB [[OC mnepen HMMC cpenHei W Maloll CTENEHU
UHTErpalMd W YHHUBEPCAJIbHBIMU MUKponpoueccopamu. Iloatomy, B 80-e rombl
nporiecc yiayuinenus xapakrepuctuk CMII mpoxoaun oueHb ObICTPHIMHU TEMITAMHU.
B nacrosimee Bpemst 3a pyOeKOM BBIMTYCKAa€TCs HECKOJBKO JECSATKOB Pa3IMYHbIX
CMII, Haxomsfmux HIMPOKOE NPUMEHEHUE B PaA3IMYHBIX OO0JACTSIX TEXHUKU.
MOXHO NpeanoNoxkuTh, yTo B Ommkaimem Oyayumem CMII cranyt onHoM ux
OCHOBHBIX 3JIEMEHTHBIX 0a3 pa3paOOTUYMKOB HOBOM TEXHUKH W, B YaCTHOCTH,
CPEJICTB CBSI3H.

Anroputmel LIOC ucnone3yrorcst sl BBIIOIHEHUSI TAaKUX ONEpanui, Kak
bunbpTpanus, GOpMHUPOBAHUE CUTHAJIOB, BBIJICJICHWE CHTHAJIOB Ha (DOHE MOMEX,
pacrno3HaBaHHe OOpa3oB M MHOTMX Jpyrux. PaHee 3TH 3aaun B OCHOBHOM
pellaiich C TMOMOILBIO AHAJIOTOBOW OOpaOOTKH, HO JAHHBIE METOJbl HMEIOT
MHOKECTBO HEJOCTaTKOB, @ MMEHHO: HEBBICOKYI0 TOYHOCTh NpeoO0pa3oBaHUM,
HECTAaOMIIBHOCTh XapaKTEePUCTUK, HU3KYIO HAaJIeKHOCTh, U Ipyrue. Mcnonb3zoBanue
metonioB L{OC mo3Bonsier A0OMThCS KaueCTBEHHOTO YIYUYIIEHUS XapaKTEPUCTHUK
peanuzyemoii ammaparypsl. [loaToMy BHeapeHUuEe MeTOA0B HUGPOBOH 00pabOTKU
CUTHAJIOB SIBJIIETCA HACYIIHOM HEOOXOJMMOCTBIO BO MHOT'MX 00JIACTAX TEXHHUKHU
TaKWX, KaK CBsI3b, 00pabOTKa peyd U M300paKECHH, paclio3HaBaHHE 00pa3oB,
MU3MEpUTEIIbHAS TEXHUKA, paauoaoKanus u MHOT'HX JPYTUX.
[Iporpammuas peanuzauust anroputMoB [[OC ¢  nomompbio CMII  nmaer
JOTIOJTHUTEIIbHBIE TTPEMMYIIECTBA 110 CPABHEHUIO C HUX JKECTKOM peann3alueil Ha
NUMC pa3nnuyHOil cTeneHW UHTerpauuu. B mepByro ouyepeiab K HUM OTHOCHUTCS
BO3MOXKHOCTh ~ CYHIECTBEHHOI'O  CHIDKEHUSI Maccora0apUTHBIX — IoKa3aresei
anmnaparypahl. Hpyroe Ba)KHOE IPEUMYIIECTBO 3aKITH0YaeTCs B
MHOTO()YHKIIMOHAJIbHOCTH JAHHOTO METO/A pealu3alliy: U3MEHEHHE MPOrpaMMbl
MPUBOJUT M K TMOJHOMY H3MEHEHUIO0 airoputma o60pabotku. Kpome Toro,
CYILECTBEHHO YMPOIIAOTCS 3Tanbl pa3pabOTKHU U OTJIAJKH anmnapaTrypbl. Beironno

ucnonbs3oBaTh CMII U ¢ 5KOHOMUYECKOM TOYKHU 3PEHUSI, TOCKOJIbKY MPOUCXOJIUAT
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3HAUUTEIBHOE CHIKEHHE LIEHbI KaK pa3pabOTKH, TaK U U3TrOTOBJIEHUS annaparyphl.
N3 Bcero BeImeckazaHHOro cieayeT BoIBOA, yTo CMII SBISAIOTCSA NMEPCIIEKTUBHOM
AJIEMEHTHOU 0azoi LTSI MHOTHX obmacrei TEXHUKH.

CrannaptHas cxema npumenenns CMII mokaszana na puc.3.1.

W) Y]

—{ AUM [T CMN [ LAN

Fo

Puc. 3.1. CrangaptHas cxema npumenenus CMIT

AmnanoroBeii curnan X(t) nmpeodpasyercs B 1udpoByo GopMy B aHaiIoro-
mubpoBom  mpeobpazoBatene (ALIl) u B Buae MocCIeAOBATENIBHOCTH
MHoropazpsaHbix 1BonyHbIX cloB X(kT) mocrynmaer B CMII. CMII npousBoaut
npeoOpa3zoBaHuE BXOJAHOU MOCIEI0BATEILHOCTH B COOTBETCTBUU C OIPEICIICHHBIM
anroputMoM [[OC. BeixogHas mnociegoBaTeabHOCTh ABOMYHBIX cJoB Y (kT)
noctynaer B IudpoaHanoroseiii mpeodpazoBatens (L[AII), roe dopmupyercs
BBIXOJTHOM aHaJIOroBeiil curHai Y(t). CrienyeTr OTMETUThb, YTO JaHHAs CXema
yCIIOBHA, MOCKONbKY y CMII B 3aBUCUMOCTH OT OCOOEHHOCTEH anmnapaTypbl MOXET
ObITh 1100 1MPOBOIT BXOJ, MO0 IUPPOBOI BRIXOH, J1MO0 M 1U(GPOBOM BXOI, U
mudpoBoit BbixoAa. Ho He3aBucumMo oT 3TOro ocHOBHOe HazHadeHue CMII
3aKJII0YAETCs B BBINIOJHEHUU B peaibHOM Maciitade Bpemenu anroputmon [{OC.

B Hacrosimee Bpems Bbintyckaercst Oonbinoe yucio CMIL. Cpeau Hux
Moo Belaenuth CMIT dupmer "Texas Instruments Incorporated”, Motorola u
Analog Devices.

Buvibop yugpposozo npoyeccopa obpabomku cueranos. B mocienHue rojsl
Borpoc BbiOopa mporeccopa [[OC s KOHKPETHOTO TMPUIOKEHUS CTAaHOBUTCS
Ba)KHBIM, IOCKOJIbKY YUCJIO JOCTYIHBIX MPOLIECCOPOB MPOAOIKAET pacTH. B uncio
cnenupuyecknx (aKTOpoB, KOTOpPHIE CJIEAYEeT PacCMOTPETh TMpPU BBIOOpE

nporieccopa IIOC ans nmaHHOrO NOPWIOKEHHS, BXOIST apPXUTEKTYypPHbIE
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O0COOEHHOCTH, CKOPOCThH BBITIOJIHEHUS, TUT apU(METUKHU U JIJTUHA CIOBA.
Apxumexkmypuvle  ocobeHHOCMmU. KiroueBbIMH ~ XapaKTepUCTUKAMU
MPOIIECCOPOB  SIBIISIETCSI pa3Mep BCTPOCHHOW MaMsITHU, HaJW4Yue CIHEIHaTbHBIX
KOMaHJ ¥ BO3MOXHOCTHM BBOJa-BbIBOJA. Hanuume BCTpOEHHOM nNaMATH —
HeoOxomumoe TpeboBanue B OosbmuHCTBe mnpwioxkenuid [[OC peampHOTO
BPEMEHU, IOCKOJIbKY 3TO O3Ha4daeT OBICTPBIM MOCTYN K JaHHBIM M OBICTpOE
UCIIOJIHEHHE TMporpamMMbl. [l MPUIOKEHUH CO CTPOrMMHU TpeOOBaHUAMH K
namatu (mudpoBoe aynuo, cuctema Dolby, dakc-monem, komgupoBaHue-
nexkogupoanue MPEG) pasmep BHyTpenHeir mnamsitu O3Y MOXeT cTaTh
pemaromiuM  (paxkTopoM mnpu BbIOOpe Tporieccopa. Ecnu BHyTpeHHEW mnaMsaTH
HEJIOCTATOYHO, €€ MOKHO JOIMOJHUTh BBICOKOCKOPOCTHOW BHEUIHEW MNaMAThIO,
XOTSI 3TO MOKET MPUBECTU K YBEIMUYEHUIO CTOUMOCTH CUCTEMBI. J[JIsl MpUIIOAKEHUI,
TpeOyromux OBICTPHIX W A(P(EKTUBHBIX BBIUUCICHUH WM OOMEHA IMOTOKaMHU
JAHHBIX C BHEIIHMM MHUPOM, BECbMa Ba)KHbI TaKH€ CPEJCTBA BBOJA-BBIBOJA, KaK
untepdeiicel k ALl u I[AII, BO3MOXXHOCTh MPSIMOTO JOCTyNHa K MaMsITH U
MOJIJIEp’KKAa MHOTOMPOIIECCOPHONM 00paboTKu. B 3aBUCHUMOCTH OT NPUIIOKEHUS
BaXEH OoraTblii HaOOp CHEUMAIBHBIX KOMaHI mnoanaepxkku omneparuii [OC,
HAlpuMep, BO3MOXHOCTh OpraHU3allid IUKJIOB C HYJEBBIMU CIIYXKEOHBIMU
U3JIepKKaMH, crienuanuzupoBannbie komanasl LHOC u kpyroBas agpecans.
Cropocmv evinoanenusi. Ilockonbky OonbmuHcTBO 3amad [[OC Ttpebyer
CPOYHOI'O PEUICHHUS, Ba)XHOM MEpOll MNpPOU3BOAUTEIBLHOCTU SIBIISIETCS CKOPOCTH
npoueccopoB 1[OC. TpaauuMOHHO ABYMSI OCHOBHBIMH €IMHHUIAMU H3MEPEHUS
ATOM BEJIMYMHBI SBJISIOTCS TAKTOBAsl 4acTOTa MPOIECCOPA B MErarepuax u 4ucio
BBHITIOJTHSIEMBIX KOMaH/I B MUJUIMOHAaX KoMaH[ 3a cekyHay (Million Instructions per
Second - MIPS) wunm, ecnu ucnonb3yroTcs mpoueccopbl LHOC ¢ mmaBaromieit
3amsaTol, B MWIIMOHAX omnepanuil ¢ IuiaBarouied 3ansTo B cekyHay (Million
Floating-point Operations per Seconds — MFLOPS). Brpouewm, momgo0HbIe MephbI
MOTYT B HEKOTOPBIX Cly4yasiX HE MOAXOAUTh M3-3a 3HAUYMUTENIbHBIX OTJIUYUNA B
NpUHIMIAX paboThl paznudHbIX mporeccopoB [[OC, GOMBIIMHCTBO M3 KOTOPBIX

MOJKET BBINOJHAThL HECKOJBKO OIlEpaluid B OJHOM MAIIMHHOM KOMAaHJE.
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AnpTepHaTHBHAsT Mepa OCHOBAaHAa Ha CKOPOCTH BBINOJHEHUS KOHTPOJIbHBIX
anroputMoB L{OC — Hannpumep BIIO.

Tun apugpmemuxu. Apudmernka C IUIABAIOMICH 3amiaTod — 3TO
€CTECTBEHHbII BBIOOD B MNPWIOKEHUAX C IIHUPOKUMH U IEPEMEHHBIMHU
TpeOOBaHUAMH K JIWHAMHUYECKOMY JHamna3oHy (AMHAMUYECKUW Juamna3zoH —
pa3HOCTh MEXIy HAuOONbIIMM M HAaUMEHBIIMM YPOBHEM CHUTHaja, KOTOPBIH
MOKHO TIPEICTaBUTh, WJIM KaK pa3HOCTh MEXIy HauOOJIbIIMM CUTHAJIOM U
MUHUMAJIbHBIM YPOBHEM IIIyMa, W3MEpPEHHbIM B jenuoOenax). [lpomeccopsl c
(uKCUPOBAHHOM 3aMATON MPEANOYTUTENBHBI C TOYKH 3PEHUS] HU3KOM CTOMMOCTH,
OHM MOAXOAAT AJIE MAacCOBOI'O MPOM3BOACTBA (HANpUMEp, COTOBbIE TENePOHBI U
KOMITbIOTEpHBIE JTUCKOBOABI). IIpomeccopsl ¢ TUIaBaromiell 3amsTod  J0poXke
MIPOIIECCOPOB C (PUKCUPOBAHHOM 3aMSATON, XOTS B MOCIEAHIE TOJIbl pa3HULIA B LIEHE
CYILIECTBEHHO YMEHbIIMIACh. OTMETHUM TAKXE, UTO OOJBIIMHCTBO CYIIECTBYIOIIMX
nporteccopoB [{OC ¢ mnaBarorieit 3anaroil TakKe MOANECPKUBAIOT apuPMETHKY C
(buKCUpOBAHHOM 3aMATOM.

[nuna cnosa. IDTOT mapameTp ONPENENAET, HACKOJIBKO TOYHO MOXKHO
NpeCTaBUTh mapaMeTpsl U pe3ynbTaThl onepanuii [{OC. BooOiie yem nnunHee
CJIOBO JIaHHBIX, TE€M MEHbIlE OUMOKM Npu HUPpoBOM 00paboTke curHana. B
npoieccopax [[OC ¢ QukcupoBaHHON 3amaToOW, HAIEIEHHBIX HAa PBIHOK
TEIEKOMMYHHUKALIUA, OOBIYHO HCIONB3YIOTCA CcloBa 16-OMTOBOM  JJIMHBI
(manpumep, TMS320C54x), Torga Kak B TMpoIECcCcOpax, HAICICHHBIX Ha
ayIMONPWIOKEHUSI BBICOKOIO KadyecTBa, MCHOIb3YyITCS 24 Outr (Hampumep,
Motorola DSP56300) unu 32 6ur (Hanpumep, ADSP-TS101). B mocnennue roast
OTMEYaeTCsl TCHICHIIUS K MCII0JIb30BaHMIO OonbInero yuciaa out aist AL u LIAII,

MOCKOJIBKY CTOMMOCTH TOJIOOHBIX YCTPOMCTB MOCTOSIHHO CHIXKAETCS.

3.2. BbIOOp cepu CUTHAJBLHOTO Mpoleccopa

I[Ipy  TecTMpoBaHMM  HWCHOOJIB30BAaHBl JIB€ MPOrpaMMm: Mporpamma,
peanm3yrormias GUIbTP ¢ KOHEUHON UMITyIbcHON XapakTepuctukoit (KUX-dumstp)

IIpH OIICpauAax C OoxaMu AdaHHBIX, IIPCACTABJICHHBIMHU BCIICCTBCHHBIMHA YK CJIAMHU
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(Real Block FIR Filter) um TecrtoBas mnporpamMmma mnpsmMoe U oOpaTHOE
npeoOpazoBanusa Xaapa (I1X). B pesynbrarte BoinonHeHnus nporpamm Real Block
FIR Filter, ontumusupoBaHHBIX [JIs1 YKa3aHHBIX THIIOB MPOIECCOPOB, OBLIO
OTPEIEICHO BpeMs WX BBINIOJIHCHHS, a TaK)Xe BBIUMCICH TI0Ka3aTelhb
“owIcTponeiicTBue”. Kpome Toro, ObLI onpeaeneH o0beM HaMsTH, HeOOXOIUMBIH
IS BBITIOJIHEHUS TECTOBBIX ITporpamm [1X.

Jns kaxaod  TECTOBOM  MPOTpaMMbl  BBIUMCISIETCS — IMOKa3aTelb
“ObICTpOJEUCTBHE”, a TaKXKe OMNPENENAI0TCS: BpeMsl €€ BBINOJHEHUs, YHCIIO
3aTpayuBa€MbIX  MAlIMHHBIX  TakTOB,  A(PGEKTUBHOCTh  HCIOJIb30BaHUSA
SHEPropecypcoB U MAMSITH.

TMS 320 C 6 4X X — BBICOKOIPOM3BOAUTEIbHBIE CUTHAIBHBIE MPOIIECCOPHI
¢ (UKCHPOBAHHOHN TOYKOH, co3maHHbie Ha Oaze apxurektypsl VLIW (Very Long
Instruction Word). [TepBerit mporieccop 3Toro cemeiictsa Obu1 aHoHCHpoBaH B 2000
rogy [26,28,30,31]. B 2003 romy Hayajics CEpUHHBIA BBITYCK IPOIECCOPOB
TMS320C6414, TMS320C6415, TMS320C6416. TakroBass dYacToTa DJTHX
nporeccopoB  gocturaer 1000 MI'm (x mpumepy, TMS320C6416TGLZ1), a
HaIpsHKEHUE MUTAaHUs IpoleccopHoro saapa cocrtasiser 1,2...1,4 B. CroumocTh
npoieccopa TMS320C6416TGLZ1 — 247 nonnapos CIHIA [28, 30]. Kpome Toro,
HaunHas ¢ 2003 roma, mnpousBoasTca mporeccopsl  TMS320DM640,
TMS320DM641 u  TMS320DM642, pa3zpaOoTaHHbIE CHEUHUAIBHO IS
IIPUMEHEHUSI B MYJbTHMENUNHBIX MpuioxkeHusx, a B 2005 romy Havancs
CEepHUIHBIA BBIMYCK HOBBIX CHUTHaJIBHBIX npoueccopoB TMS320DM643. Otu
MPOIIECCOPHI  cojiepKaT BCTpoeHHble BuiaconopThl (TMS320DM642 umeer Tpu
BUJICOTIOPTA) W OAWH WM JBa MHOTOKAaHAJIBHBIX IIOCIEIOBATEIbHBIX TOpPTa
MsBSP, nmnpenHa3sHaueHHbIX i1 oOOMEHAa JaHHBIMH C  HCTOYHHUKAMU
aynuocurnanoB. Kpome toro, mponeccoper TMS320DM640/641/642/643 numerot
64-xaHanbHBIN KOHTpoJUlep mpsmoro aoctyna k nmamsaru (DMA), xoct- u PCI-
untepdeiicel. [Ipu TakroBoit wactore 720 MI'1 nukoBasi mpOU3BOAMTENBLHOCTH
TMS320DM642 coctaBasier 5760 MIPS (Million Instructions per Second -

MWUIAOH HMHCTPYKUUUA B CeKyHIy). CTOMMOCTH €CaMOro MOIIHOIO Ipoleccopa
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TMS320DM642GNZ720 ¢ TtaktoBoil yacrorod 720 MI'm — 67,79 nonnapos
CIIA [28, 30]. CoOTBETCTBEHHO MEHEE MOIIHBIE MPOIECCOPHl UMEIOT MEHBIITYIO
CTOUMOCTb.

bazoBoe mpoueccopHoe sapo TMS320C64x X COOEpPKUT BOCEMb
orepanuoHHbIX O0510K0B: aBa 01oka MAC u mects ALU, 4eThipe U3 KOTOPBIX
UCTIONIB3YIOTCSL JIs1 apu(PMETUUYECKUX BBIYUCICHHUM, a JBa — JJIs1 BBIUYMCICHUMN
angpecoB. B BerunciurenbHoM siape TMS320C64xx, Kak U B paHee BBINYIIECHHBIX
nporeccopax TMS320C62xX, BBINOMHSIOTCS omnepanuu ¢ 8-, 16-, 32- u 40-
pa3psAIHBIMU UYMCIAMH, 4, KPOME TOr0, MOSIBUJIACH BO3MOKHOCTH padoThl ¢ 64 -
pa3psiiHbIMH. B TeueHHe OJHOr0 IHUKJIA MOTYT BBINMOJIHSATHCS YETHIPE OIEpalu
YMHOXKEHUA C 16-pa3psIHBIMUA U BOCEMb OIEpalUil C 8-pa3psAHbIMU yuciIamu. B
MPOIIECCE BBIYUCICHUM BCE OINEpPAlMOHHBIE OJOKM MOTYT HCIOIb30BaThCS
OJTHOBPEMEHHO, YTO JIa€T BO3MOXXHOCTh BBIMOJHATH MapalljieIbHO BOCEMb 32-
Pa3pSIAHBIXUHCTPYKIIHIA. OpueHTHpOBaHHbBIC Ha MPUMEHEHUE B
BBICOKOIIPOM3BOJIUTENIbHBIX TEIEKOMMYHHKAIIMOHHBIX CUCTEMAaX CHUTHAJIbHBIC
npoueccopel  TMS320C6416 u  TMS320C6418 coxmepkar  BCTPOCHHBIN
corpolieccop A peanusanuu Aekoaepa Burepou (Viterbi decoder Co-Processor —
VCP). IIpoueccop TMS320C6416, kpome TOro, UMEET €IIe OJMH BCTPOCHHBIN
comporeccop TCP (Turbo Decoder Coprocessor). K nepudepuiinbiM ycTporcTBaM
npoueccopoB TMS320C64xx orHocaATcs: 16- wmnm 32-pa3psaaHblii  XOCT-TOPT,
MHOI'OKaHaJbHbIA KOHTpOouiep DMA, konTposmnep PCIl-mmnbl, mocnenoBaTenbHbIe
noptel MsBSP, tpu 32-paspsanbix Taiimepa u npyrue. B T1a6n.3.1 npuBenens
OCHOBHBIE TTapaMeTPhl CUTHAJIBHBIX IporeccopoB ceMeiictBa TMS320C64xx [28,
30].

Jlerom 2005 roma ¢upma Texas Instruments aHOHCHMpOBa Jia HOBBIC
n3roroBieHHple 1o CMOS-texHonorun 90 HM  BBICOKONPOHM3BOJUTEIBHbBIC
curHalibHble nporeccopsl TMS320C6455 ¢ takroBoit yactorod g0 1000 MI' u
MaKCUMaJdbHOU Tnpom3BomuTenbHocThi0 10 8000 MIPS [31]. Tlpm TtakTOBOI
gactore 1000 MI'n u pabGote ¢ 16-pa3psIHBIMU YHUCIAMU B MPOIECCOPHOM SJIpE

MOXET BBITONHATHCA 10 8000 MIH omepanuidi YMHOXKEHHS B CEeKyHAy. HoBbie
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IPOIIECCOPBl  CO3JIaHbl Ha 0a3e MOAU(UIMPOBAHHOTO IPOLECCOPHOTO sIIpa,

nonyuuBiiero Hazpanue C64+. HoBoe sSapo MO3BONWIO YBEIUYHUTH CYMMapHYIO

BBIYHUCIIUTCIIBHYIO MOIITHOCTDH IMPOUCCCOPOB 3TOI'0O THUIIA.

Tabnuna 3.1. OcHOBHBIC MTapaMeTphl CUTHATBHBIX TIporieccopoB TMS320C64xx

HaumeHoBaHue Tun npoueccopa TMS320...
napamerpa C6414 | C6415 | C616 DM641 DM642 DM©643
Makc. TakToBas 100 600 720 600
gactoTa, MI'mg
MakcumanbHas
MIPOU3BOIUTENBH 8000 4800 5760 4800
ocTb, MIPS
O6bem
BCTPOCHHOM 1,032 0,16 0,288 0,288
namsaTa, MoaiT
Yucno kaHaioB
DMA 64 64
Yucio TaiiMepoB 3 3
Hampsixenue
MUTaHUS sIpa
(cxeMm 1,2 (3,3) 1,2 (3,3) 1,2...1,4 (3,3)
BBO/1a/BBIBO/IA),
B
[lotpebnsemas
MOIITHOCTb, BT
(taxToBas 1,7 (720) 1,9 (600) | 2,15 (720) | 1,9 (600)
yactota, MI'11)
HPI1 16- HP1 32- HPI1 32-
HPI PCI; HPI 16-/32- pﬁ;i' . pﬁ;i' . pfl?[: _
WuTtepodeiicot 16-/32- paspsiaH.; EMAC: EMAC: EMAC:
(aucio) pasp.; MsBSP(2) )
MsBSP(3) JiBa PCI; pu JiBa
BUJICO- | BUJEONOpP | BHUJEO-
nopra Ta nopra
Hucno BEIBOAOB
Y TUTI KOpIIyca 532-BGA (23423) 548-BGA (27427)
(pa3mepsbl, MM)
Jnanazon
pabounx 0...90/-40...105
temneparyp, °C
CroumocTs, $ B 85,85...213 | 90,37...224 | 99,41...247 | 30,77...33 | 42,89...67 | 31,95...34
naptuu 1000 mT. ,63 .87 ,36 ,84 79 .95

Curnanbabie nponeccopel TMS320C6455 umeror 00beM BCTPOCHHOW MaMsITH

2128 k0alliT u coaepKaT BBICOKOCKOPOCTHbIE KOMMYHHMKAIlMOHHbIE MOPTHI Serial

RapidlO u Gigabit EMAC (Ethernet MAC), a Taxxke kontpoiuiep PCl-mmHbI
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(takToBas yactota 33,66 MI'u, 32-pa3psaHas muMHa JaHHBIX) U 16-/32-pa3psinHbiii
xkoutpoiep HPI (Host-Port Interface). IlukoBas ckopocTh mepenadd JaHHBIX
gepe3 mopt Serial RapidlO cocraBmser 3,125 T'6ut/c. Kak u Link-mopTsi,
npuMeHsiembie B mporieccopax ADSPTS201/202/203, mopt Serial RapidlO
npeIHa3HA4YeH JIJIs1 UCIOJIb30BAaHUSI B MEPBYIO OYepeb JUIsi OOMEHA JaHHBIMH B
MYJIBTUIIPOLIECCOPHBIX CUCTEMaX. YeTblpe HE3aBUCHUMBIX ITOJTHOLYIUIEKCHBIX
kanana Serial RapidlO naroT BO3MOXHOCTH MOCTPOUTH MHOTOIPOIIECCOPHYIO
CUCTEMY, COCTOSIIIYI0 W3 JABYMEPHOro MmaccuBa mnpoieccopoB. Kpome Toro,
UMEIOTCS JIBa TpaauluoHHbIX nopta MsBSP u noprt 12C. KonTpoiuiep BHemHen
naMsTH TO/JIep>KUBaeT 0OMEeH JaHHBIMU ¢ TaMsThio Tunia SR AM, ROM, FLASH,
SBSRAM o6bemom g0 32 Moaiit. Kpome Toro, HOBBIE MPOIECCOPHI
TMS320C6455 nmoanepxuBaroT padboty ¢ 32-paspsaHoi mamsaThio Trma DDR2-
500 SDRAM ob6bemom g0 256 Moaiit. Kak u Bce mpoliieccopsl ceMencTBa
TMS320C64xx, HOBBIE coAepKaT 64-KaHaIbHBIA KOHTPOJUIEP MPSIMOTO JAOCTYIA K
namsitd. Jlnst ¢opMuUpOBaHUS CUTHAIOB TakTOBBIX dYacToT B TMS320C6455
peanuzoBanbl aBe cuctembl ®OAIIY (PLL). Opna wu3 Hux (mporpamMmHO
ynpasisiemass PLL1) reHepupyer TakToBbIM curHai dactorod mpo 1000 MI't mis
pabotel  mpoueccopHoro sapa. Bropas (PLL2) ¢ duxcupoBaHHBIM
kodpduirenToMm ymHoxkeHus 10 ucnonb3yercs uisi GOPMUPOBAHUS CUTHAIIOB
TaKTOBBIX YaCTOT HEOOXOAUMBIX M paboTsl KoHTpoimiepoB DDR2 SDRAM wu
Ethernet MAC. OcHOBHBIE TapaMeTphl CUTHANIBHBIX mporieccopoB TMS320C64xx
npuBeAcHB B Ta0m. 3.1. HampspkeHue muTaHus MpOIECCOPHOTO siipa COCTaBIISET
1,2 B, cxem BBOna/BeiBOAa — 3,3 B. Ilepudepuiinbie kouTposuiepsl Serial RapidIO,
DDR2 SDRAM wu Ethernet MAC uMeIOT COOTBETCTBEHHO HAIPSKCHUE MHUTAHUS
1,2 u 1,5/1,8 B. Curnamsubie mporieccopel TMS320C6455 BwimyckarTcs B
kopnyce tumna 697-PBGA (pazmepamu 24x24 MM ¢ marom c(epuuecKkux BbIBOJIOB
0,8 MM) U mpenHa3HaueHbl Jis1 paboThl B auarna3one temmeparyp ot 0 go 90°C.
CTouMOCTh HOBBIX IporieccopoB ot 202 1o 292 nomnapos CIIIA [30].
ADSP-TS201/202/203 — curHasibHBIe Tporieccopel cemeiictBa Tiger

SHARC. B 310 cemeiicTBo BKItOUeHbl mpoueccopsl nepBoro (ADSPTS101) wu
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BToporo mnokonenuss (ADSPTS201/202/203). B 1a6:1.3.2 npuBeneHbl OCHOBHBIE
SHARC [29].

Apxutektypa BbruucauTenbHoro sapa ADSP-TS201/202/203 cozmana na 0ase

mapaMeTpbl CHTHAJIBHBIX  IPOIECCOPOB  cemeiicTBa  Tiger

apXUTEKTYpHI mporeccopHoro siapa ADSP-TS101.

Tabnuna 3.2. OcHOBHBIE MapaMeTPhl CUTHAIBHBIX MPOIECCOPOB ceMeiicTBa Tiger

SHARC

HaumenoBanue
napamerpa

TUI npoueccopa ADSP-...

TS101S

TS201S

TS202S |  TS203S

Makc. TakTOBas 4acToTa,
MI'g

300

600

500

MakcumanbHas

IIPOU3BOIUTENBHOCTD,
MIPS

2400

4800

4000

OO6beM (THIT) BCTPOSHHOM
rnmamsta, MOauT

0,75 (SRAM)

3 (DRAM)

1,5 (DRAM) | 0,5 (DRAM)

PazpsannocTs BHELIHEH
IIMHBI JaHHBIX, OUT

32/64

32

Yuciao kagaioB DMA

14

10

CkopocTs 0OMeHa
naHHBIMU Yepe3 Link-
noprt, ['6aiit/c

0.25

1.0

0.5

Hurtepdeiic (aucno)

Link (4)

| Link (2)

Harmpsixenue nuranus
sanpa (cxeMm
BBOJ1a/BBIBOJIA), B

1,2 (3,3)

1,05...1,2
(2,9);
1,2 (2,5)

1,0 (2,5)

Tox morpebneHus,
THIIOB., A

Yuciio BIBOJIOB U THII
Kopmyca (rabapuTHbIC
pasmepbl, MM)

484-PBGA
(19919);

625-PBGA
(27427)

576-PBGA (25425)

Yucno TaliMepoB

2

Jlnanaszon pabounx
temneparyp, °C

-40...85

CroumocTs, $ B maptun
1000 mur.

159...193

205...223

149 47

Oc00EeHHOCTh

TPOIIECCOPOB

ADSP-TS201/202/203 —

OOJILIIION  O00OBEM

BcTpoeHHOM nmamsti Tuna DRAM [29]. K npumepy, 00beM maMsaTH CHTHAILHOTO

mporeccopa ADSP-TS201 cocraBnser 24 MOut. Bce mpormeccopsl cemeincTBa

ADSP-TS20x comepikar:

BBICOKOIIPOU3BOAUTCIBHOC BBIYMCIMTCIIBHOC SAOPO,
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koTopoe oTHocuTcs k cucremam tuna SIMD (Single Instruction Multiple Data);
00Jb1IION 00BEM JUHAMUYECKON MaMsATH; MOUIHbIE NepudepruiiHbple KOHTPOJIEPhI
Link-moproB  (mo  dYerblpex  8-pa3psHBIX  MOJHOAYIUIEKCHBIX  IOPTOB),
HOJAePKUBAIOIINE Yepe3 Ka XK JIbI U3 MOPTOB OOMEH JaHHBIMU CO CKOPOCTBIO J10
1 I'GaitT/c. ApXHTEKTypa MPOIECCOPHOro sapa codeTaeT Bce goctrouHcTBa RISC
(Reduced Instruction Set Computer), VLIW u Tpa AMIMOHHON apXUTEKTYpHI
OU(PPOBBIX CUTHAIBHBIX MPOLIECCOPOB. [l 00pabOTKM MOTOKOB JaHHBIX B ATHX
CUTHAJIBHBIX TIpoOlLlecCOpa X MMEIOTCS JiBa IOJIHOLUEHHBIX BBIYUCIUTEIBHBIX
ycTpoiicTBa, coaepxkauux: ALU, ymHoxurens/Hakonurens 32 X 32 paspsina c 8 0
—pa3psAHBIM AKKyMYJSTOPOM, 64-pa3psaHO€ YCTPOMCTBO CIIBUIa, PErHCTPOBBIM
(aiin o0beMoM TpuauaTh ABa 32-pa3psaHbix peructpa. Kpome Toro, umeroTcs emie
7IBa JIOTMOJHUTEIBHBIX LieTouucieHHbix 32-paspsaanbix ALU: JALU u K ALU.
Takum o00pa3oMm, uerbipe ALU 1O3BOJSAIOT BBINOJIHATH MapalieIbHO YEThIpE
ornepaunyd ¢ 32-pa3pAIHbIMH 4uclIamMd. BMecTe ¢ TeM, XOTS CUTHaJIbHbIE
nporeccopsl cemerictBa Tiger SHARC oTtHocaTcs k 32-pa3psiiHBIM MIpoiieccopam
C IUIaBalOIIeW TOYKOM, BO3MOKHOCTH UX apXUTEKTYpbl M OpraHu3aius padoTbl
BBIUMCIIMTEIbHBIX YCTPOMCTB MO3BOJIAIOT BBINOJHATH TAaKKe onepauuu c 8-, 16-,
32- u 64-pa3psAHBIMU YHUCIIaMU C (PUKCUPOBAHHOUN TOUKOH. B TeueHue kaxmoro
LUKJIa B MPOLECCOPHOM SIIPE MOXET BBINOJIHATHCS YEThIPE MHCTPYKUUU U MpU
ATOM COBEPILATHCSA 10 ABAALATH YETHIPEX omnepanuii ¢ 16-pa3psAHbIMU YUCIIaMU C
(PMKCHUPOBAHHON TOYKOW WJIM LIECTh ONEPALMI C YMCIaMU C IUIABAIOIIEH TOYKOM.
Bo3moxxHOCTE paboOThl € JaHHBIMM, TPEACTABICHHBIMU B pa3HbIX (opMaTax,
NO3BOJISIET 3HAYUTENIBHO YBEJIMYHUTH IPOU3BOAUTEIBHOCTh 3THUX CHUTHAJIBHBIX
npoueccopoB. Kpome Toro, npomosHurenbHble 1enouucieHssie ALU  moryr
paborath B 1ByX pexumax. B mepBom yctporictea JALU u KALU ucnonb3ytorcs
B KayeCTBE T'€HEPATOPOB aAPECOB IIPU KOCBEHHOW aJpecalii K BCTPOCHHOW W
BHEIIHEH MaMsITH, BO BTOPOM OHU MCHOJB3YIOTCS JUIsl LIETOUUCIEHHON 00paboTKu
JAHHBIX (BBIMOJIHEHUS OMEpaluid CIOXKEHUS, BBIUMTAHUA U T.N.). MakcuMasnbHas
IPOU3BOAUTENHHOCTH camoro MomrHoro ADSP-TS201 coctas nser 4800 MMACS

(Million Multiplication Accumulation per Second — MWIIHOHOB OIEepaIHiA
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YMHOKEHHUS C HAKOIJIGHUEM B CEKYHAY). APXUTEKTypa CUTHAJIbHBIX MPOLIECCOPOB
TigerSHARC  opueHtHpoBaHa B  TMEpBYIO  OYe€pelb Ha  CO3JaHuE
BBICOKOIIPOU3BOAUTENBHBIX MYJIbTUNPOILECCOPHBIX CUCTEM.
bvicmpooeticmsue
Ha puc. 3.2 npuBeneno Bpems BoinmonHeHus nmporpammbl Real Block FIR
Filter mist pa3HbIX THUIIOB CHUTHAJIBHBIX MPOIECCOPOB. B »TOM Tecte maHHBIE U
IpOrpaMMHBIA KOJI pa3MellatoTcs B K3LI-IaMITH mpoleccopoB. Kak ciexgyer u3
MPUBEACHHBIX JaHHBIX, CHUTHaIbHbIA mporeccop TMS320C6414 ¢ TtakToBOM
gactoTot 720 MI'1 3arpaunBaer Ha BhImojiHeHHE nporpammbl Real Block FIR
Filter yyth Oonbiie Bpemenu, yeM mpoueccop ADSP-TS201S, paboraromuii ¢
takToBOM yactoroit 600 MI'n. ITo cpaBuenuro ¢ MSC8103 (300 MI') ckopocTh
BBITIOJTHEHHUSI 3TOro Tecta mporeccopom TMS320C6414 Gonee yeM B nBa pasa
BbIIIE. DTO 00YCIOBJIECHO HE TOJIBKO BBICOKOM Tak ToBOW "actoroi (720 MI'), HO
U BO3MOKHOCTHIO NapajuieIbHOTO BBIIIOTHEHUS HECKOJNbKUX onepauui. [ns
BBITIOJTHEHUsT daHHOro Tecta 1 B MSC8103, u B mpoueccope TMS320C6414
3aTpauyMBaETCA MPUMEPHO OJWHAKOBOE YHMCIO MAIIUHHBIX TAaKTOB, OIHAKO
takToBast yactora TMS320C6414 6onee yeM B 1aBa pasa Beiiie, yeM B MSC8103,
no3tomy npoueccop TMS320C6414 u nokasan nydminid pe3yibTaT B CPABHEHUU C
MSC8103. IIporpamma Real Block FIR Filter ornuuaercst Tem, uto B mpoiiecce ee

BBIITOJIHCHU S HCO6XOI[I/IMO IMPONU3BOJAUTDH OOJIBIIIOE YHCIIO onepaunﬁ YMHOKCHUS C

CYMMHPOBAHHUEM.
[ &) 0.7
T
& 06
=
ﬂI} 0.5
I
= 0.4
o
% 0.3
m
® 0.2 —
5
L 0T _—
oM
0T — T
ADI Motorola Tl
ADSP=TS2015 MSCB103 TMS320C6414
(G000 M) (300 M) (720 MM

Puc. 3.2. Bpems Bemnonuenus nporpammsl Real Block FIR Filter
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OngHako HE TONBKO 3Ta OCOOCHHOCTh CYIIECTBEHHO BJIUSET Ha KOHEYHBIN
pesynbtar. K npumepy, B curHambHoM mnpoueccope ADSP-TS201S moxer B
TEYCHHE OJHOTO IMKJA BBIMOJHATHCS BOCEMb 16-pa3psiiHBIX — OIeparui
YMHOXEHHsI. OTO BIBOoe Oompuie, ueM B MSC8103 u TMS320C6414. Bmecre ¢
teM B ADSP-TS201S 3arpaunBaeTcs MHOro “mycTbiXx’ MAIIMHHBIX TaKTOB Ha
yIOPS0YUBAHUE PE3YJIbTATOB YMHOKEHHS, YTO, B KOHEYHOM CU€Te, MPUBOIUT K
CHI)KEHHIO YPOBHSI “NIOJIE3HON” MPOU3BOJUTENBHOCTH 3TOr0 Ipoiieccopa. UMeHHO
M03TOMY pEe3yJIbTaT, MOJYYEHHBIM B JAHHOM TECTE, HE TaKOH BBICOKHMN, KaKOro
MOHO ObUIO ObI Oxkunath oT mporeccopa ADSP-TS201S, cpaBuuBas ero ¢
JIPYTUMHU PacCMAaTPUBAEMBIMH B CTaThe IMPOIECCOPAMHU TOJBKO IO TIOKA3aTEeIo
MPOU3BOAUTEILHOCTH, BBIPAKEHHOMY B UHCJIE OIEpanuidi yMHOXKCHUS C
HaKOIJICHUEM, BhITIONHSIEMbIX B cekyHy (MMACS).

THoxazamenv “Ovicmpoodeticmsue”

YroObl TOMYYUTHh YHCIOBOE 3HAYEHHUE IMOKazaTens ‘‘ObIcTpopaeiicTBuE”,
UCIIOJIb3YETCS Pe3yJbTaThl BpeMsl BBINOJHEHHUs TecToBOM mporpammbl Real Block
FIR Filter. YucnoBble 3Ha4YeHHS IOKa3arenel ‘‘ObICTpomeicTBHE” IS pPa3HBIX

THUIIOB CUTHAJIBHBIX ITPOUCCCOPOB ITPHUBCACHLI HA pUC. 3.3.

B0

50

40

30

20

MNokazaTens
GbICTpOOSNCTBME", HC

"

—
AD| Motorola Tl
ADSP-TS2035 MSCB103 TMS320DMB42

Puc. 3.3. ITokazarenu “ObICTpOAEHCTBHE” CUTHATBHBIX
HpOLIECCOPOB
[IpyHuMass BO BHUMaHHE MONYYCHHBIE PE3YylbTaThl, CUTHAJIBHBIN  IMpoleccop

ADSP-TS203S c¢ TakroBoii uactoroii 500 MI' mo cpaBHEHHIO C JIPYTHUMH
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paccMaTpuBaeMbiMH B paboTe TpoIleccopaMH HMEET HAWIYUIINi TOoKa3aTellb
“obicTponericTBue”. O1oT mokazarenb ADSP-TS203S B nsaTe pa3 iydile, yem
nporeccopa MSC8103 (300 MI'n) u mnpumepno Ha 30% nyuime, yem
TMS320DM642 (500 MI'm). O6BeM BCTPOSHHOM MaMITH U YUCIIO TIepUdepUITHBIX
KOHTPOJUIEPOB, HWHTETPUPOBAHHBIX HA KpUCTAUIE, B 3HAYUTEIBHOW Mepe
OKa3bIBAIOT BIHUSHUE Ha OOMIIyI0 cToMMOCTh. OmHako d3Tu (aKTOpel HE
YUUTBIBAIOTCS npu BBIYHCIICHUU KOJUYECTBEHHBIX nokasaresnei
“ObIcTpojelicTBHE” I paccMaTpUBaeMbIX B pabOTe€ THUIIOB CUTHAIBHBIX
POLIECCOPOB.

Yposenwv anepeonompebnenus

YpoBeHb SHEPronoTpedIeHus (Bart/mKc) OLICHUBAETCS o
KOJIMYECTBEHHOMY TIOKa3aTelNo, KOTOPBIA MOJIy4yaeTcsl B pe3ysbTaTe YMHOXKEHUS
TUIIOBOTO 3HA4YEHUs TMOTPeOIsieMOl MpoIeccCopaMy MOIIHOCTH Ha BpeMs
BeimonHenus mnporpammbl Real Block FIR Filter. Ilpu ompeaenennu 3toro
HOKa3aTellsl HCIOJIb3YIOTCA XapaKTepUCTHUKU TeX MOJeNed MpOoLEecCOpoB U3
paccMaTpUBAEMBbIX CEMENCTB, KOTOpbIE OTIMYAeTCsl Hamy4iien 3¢(HEeKTUBHOCTHIO
UCIIONIb30BaHusl  »HepropecypcoB. Ha  puc.3.4  mpuBegeH  ypoBeHb
SHEPronoTPeOJICHNsI CUTHAIBHBIX MPOILIECCOPOB TPHU BBHIMOJIHECHUA UMH TECTOBOU

nporpammbl Real Block FIR Filter.

e
o

SHepronoTpefneHue,
BT=MKC

S
AD| Motorola Tl
ADSP-TS52018 MSCB103 TMS320DME42
(2,18 Br, (0,65 BT, (0,65 BT,

S00 MMy, 1,08) 300 MM, 1.68) 500 MMy, 1.2 8)

Puc. 3.4. YpoBeHb sHEpronoTpedIeHns CUrHATBHBIX MPOIECCOPOB
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OCHOBBIBasICh Ha JaHHBIX, MOJYYEHHBIX B PE3YJIbTAT€ TECTUPOBAHUS, MOXKHO
OTMETUTh cuenyromee. Xorsa npoueccop TMS320DM6 42 wumeer MeHbLIee
ovicTpoaeiictBue mo cpaBHeHuto ¢ ADSP-TS201S mpu pabore ¢ TakTOBOMH
gactoroit 500 MI'1i, ypoBeHb ero 3HepronoTpedieHus MoYTH B 2,5 pa3a MEHbIIIE,
yeM nponeccopa ADSPTS201S, u noutu B 1Ba pa3za menbiie, yem MSC8103 (30 0
MTI'r). Bmecre ¢ tem npoueccop TMS 320 DM6 42 (500 MI'm) umeer Ha 35%
Oosbiiee OBICTPONECMCTBUE TOYTH TaKHUE >K€ TMOKa3aTenu M0 MOoTpedseMoi
MorrHocTH, uTo 1 MSC8103 (300 MI'm).

HUcnonwvzyemviti 06vem namamu

TectoBass mporpamma IIX co3mana crnenuajbHO [JIs OIIEHKH O0BbeMma
namsTu. [TporpamMmubIil KOJl, HEOOXOIUMBIN JJIs BBIOJIHEHUS] TaKUX 3a]ad, Kak
MpaBWJIO, 3aHUMAET JIbBUHYK JOJI0 B CyYMMapHOM oObeMe NamsTu
M0JIb30BATENBCKOIM NpOrpaMmbl. B TO ke BpeMs IJIUTEIbHOCTD BBIITOTHEHUS TAKHX
OporpaMM COCTaBJISIET JIMIIb Malyl0 YacTh OOIIEr0o BPEMEHHU BBITOJHEHUS
HOJIb30BaTEIbCKOW MporpaMmbl. TakuM oOpa3om, mpoOsieMa MUHUMHU3ALUU
o0beMa MamsTH, HEOOXOUMOTO ISl XpaHEHUs MPOrpaMM, OPUEHTUPOBAHHBIX Ha
pelieHre 3ajad  yIpaBJICHHUS/KOHTPOJS, 3HAUYMTENbHO OoJiee Ba)KHas, YeM
MUHUMU3AIMS BPEMEHU €€ BBINOJHEHHUs. | 1aBHast 1enb npu pa3padoTKe TECTOBBIX
nporpamm [1X — MUHUMH3UPOBATH UCTIONB3YEMBIN 00bEM MaMSITH. DTOT MOIXO]
B IOJHOM Mepe OTpaxaeT OOUIEOPUHATHIA NPUHLUI, HUCIHOJIb3YyEeMbIN
MPUKJIaAHBIMUA TporpaMmucTamu. Crienyer oco00 NOJYEPKHYTh, YTO NOJTyYEHHbIE
npu ucnonp3oBaHuu Tecta [IX pe3ynpTaThl HUKOMM O0pa3oM HE CBSI3aHBI C
00BbEMOM TaMSTH, HWCHOJAB3YEMOM TMpH BHINOJHEHUH MporpaMMm LUGpPOBOH
00pabOTKH CUTHAJIOB.

Ha puc. 3.5 npuBeneH o0beM HCTIONB3yEeMOM MaMITH, HEOOXOAUMBIN s
BBIIIOJIHEHUSI TECTOBBIX TmporpamMm IIX 1mg pasHeIX THUIOB CUTHAJIBHBIX
mpoieccopoB. bonbioe paznuyne B Moka3aTeNsax JJIs pa3HbIX TUIIOB MPOLECCOPOB
OoOyCJIOBIEGHO B TMEPBYIO OdYepelb OTIMYMUIMH B pa3Mepax HUCIOJHIEMbIX
uHCTpyKWi. Kak BUIHO U3 NaHHBIX, MPUBEACHHBIX Ha pHUC. 3.5, A BHIMOIHEHUS

tectoBoil mnporpamMmbl I[IX curHansHeie mnponeccopel MSC810x  (SC140)
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UCIOJb3YIOT HAMMEHBIIUN 00BEM MHaMsATH. JTO OOYCIOBIEHO TEM, YTO B ITHX
MpOLECCOpPAaX  HUCIONB3YIOTCA Kak 16-paspsaHble, Tak ©  32-pa3psaHbie
MHCTPpYKIMU. [Ipy BBINOJHEHUM 3TOr0 TECTa HCIOJIB3YIOTCA MPEUMYILECTBEHHO
16-pa3psanbie HHCTpYyKUMU. B cucteme komaHza, peain3oBaHHOW B IMpoOLECcCOpax
ADSPTS201S u TMS320C64xx, UCHOIB3YIOTCSI UHCTPYKIIUH, UMEIOIIUE UIHHY
32 paspspa. Kak pe3ynprar, IIpU BBIIOJHEHUM JAHHOTO TECTa 3TH IPOLECCOPHI

HMCIOT IIPUMCPHO OJHMHAKOBLIC ITOKA3aTCIIM, KOTOPBIC HAMHOI'O XY)KC B CPABHCHUU

¢ MSC810x.

Obwem Mcnoneayemoi
namaTK, BaiT

ADI Motorola Tl
ADSP-TS201S MSCE810x TMS320C64x

Puc.3.5. O6bem ucnonp3yeMon namsTu

Ha puc. 3.6 mpuBeneHbl 0000IIEHHBIC MOKAa3aTeNIM MPOU3BOAUTEILHOCTU
paccMaTpuBaeMbIX B pabOTe TMPOIECCOPOB, IONYUCHHBIE B peE3yibTaTe UX

TECTUPOBAHUA.

AD| ADSP-BFSxx (Blackfin} (750 MHz)
ADI ADSP-TS201S (TigerSHARC) (600 MHz)
ADIADSP-TS2025/203S (TigerSHARC) (500 MHz)

4190 (ana ogHoro agpa)
6400
5130

Intel PXA27x (XScale/Wireless MMX) (624 MHz) 2140

B BDTImark2000™
O BDTIsimMark2000™

Texas Instruments TMS320C55x (300 MHz) 1460

Texas Instruments TMS320C62x (300 MHz) 1920

Texas Instruments TMS320C64x (1 GHz) 9130
Texas Instruments TMS320C64x+ (1 GHz) | EIEJD%BE?{T}

Puc. 3.6. [TokazaTenu mpou3BOAUTEIHHOCTH CUTHAIBHBIX MPOIIECCOPOB

Pa3HbIX THUIIOB
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Jnst oO0paGOTKM CUTHAJIOB C HCIOJIBb30BAHUEM JIMHEWHBIX aJIrOpPUTMOB
1enecoodpasHo BeiOpaTh mporieccopa ADSP (tuma TS201) ot mpomsBoauTenei

Analog Devices, KoTophblii yI0BIETBOPSIET BCE BHICIIIEE CKa3aHHBIX TPEOOBAHMUE.

3.3. MeTo/ibl, aJITOPUTMBI U MPOrPaAaMMHbBIE CPeICTBAa HU(PPOBOH
o0padoTku curnanos st ADSP 102

Cospemennsie nponeccopbl [[OC nmo cBOMM BO3MOXHOCTSIM HE YCTYIAOT
MUKpOHIpoIieccopaM O0IIero Ha3HaueHws, TakuM, Hanmpumep, kak Intel Pentium.
Onu 001a1ar0T pa3BUTHIMH CUCTEMAaMH KOMAaHJ W IMUPOKUMU BO3MOXKHOCTSIMU
YIIPABJIECHUSA nepudepuitHbIMU YCTPOUCTBAMU. bonpiioe YHUCIIO
IPOrPaMMHPYEMBIX PECYPCOB TpeOYyeT Pa3BUTHIX CPEACTB Pa3pabOTKU U OTIIAJIKU
NPUKJIAJHBIX TPOTrpaMM, KOTOpBIE TMO3BOJAIOT 3(PPEKTUBHO HCIOJIB30BAaTh BCE
IPEIOCTABISAEMbIC BO3MOXKHOCTH.

B mnacrosimee Bpemst mig Haubosee mnomyisapHbeIX mporeccopoB OC
NpeaiaratoTcs CrieluaibHble HHTETPUPOBAHHBIE CPEIbl Pa3pabOTKH, BKIIOYAIOLIUE
B CBOH COCTaB pa3BUTHIE PEIAKTOPHl HMCXOJHOTO TEKCTa, CPEACTBA BEIACHHS
MIPOEKTOB, KOMIIJISATOPHI, KOMITOHOBIIIUKA U CUMYJISTOPHI.

XapakTep 3amad, pemraeMbix Ha mnporeccopax LHOC, TpeOyeT oTiaamovHbBIX
CPEJICTB, TO3BOJISIONTUX MPOW3BOAUTEL OTJIAJKY B PEaAIbHOM MaciiTabe BpEMEHH.
WNHTerpupoBaHHbIE Cpeabl MOTYT OBITh PACIIMPEHBI I TAaKOW OTJIAIKH TPHU
WCIIOJIb30BAaHUU  COOTBETCTBYIONICH  ammapaTHOW  TOAJNEPKKH B  BHIE
JIOTIOTHUTENIbHON anmapatrypsl. Kak mpaBuio, Takas ammapaTypa HCIOIb3YyeT
untepdeiic JTAG, craBmmii WHIYCTpUATIBHBIM CTAaHAAPTOM HE TOJBKO JIJIst
nporeccopoB LIOC, HO U 115t BceX MUKPOIIPOIIECCOPHBIX TPUOOPOB.

HaubGonee nmomymnsipasie mpoueccopsl [JOC yHUBEpcanbHOr0 Ha3HA4YCHUS -
ato cemeiictea TMS320 (Texas Instruments) u ADSP (Analog Devices). s
pa3pabOTKM U OTIAJKU TNPOrpaMM, BBINOJHSAEMBIX ATUMHU MPOILECCOPAMH,
npeiararorcs nakersl Code Composer Studio u VisualDSP++, cooTBeTCTBEHHO.

Ot makerbl ucnomusrores nox  Windows  9x/Me/NT/2000/XP wu

NPEACTABISAIOT CO00M MOMHO(QYHKIIMOHALHBIC WHTErpupoBaHHy0 cpensl (IDE),
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KOTOpbIE 00ECIIEYMBAIOT CO3/IaHHUE MPOCKTa, peAaKTUPOBAaHUE UCXOIHBIX TEKCTOB,
3aJIaHAe KJITI0YEH KOMIIISIIMY U KOMIIOHOBKH, U OTJAAKY MPUKIAIHBIX MPOTpaMM
B HUCXOIHBIX TekcTax Ha s3bike Cu m accemOnepe. Taxxke oOecrednBaeTcs
MIPOCMOTP MaMATH B JTr000M (hopMmare, B TOM YHCiIe U B rpadudeckom Buje. s
MHOTOITPOIIECCOPHBIX CHUCTEM CIICIMANbHBI MEHEKep obecnednBaeT ooiee

YIIpaBJICHHUC BCCMU IIPOICCCOPaMH B CUCTCMC — CTAapT, CTOII U T.[.

YR, wBars |

ti1le ITRUE] * loop DSpever T

input = i :n;\._h.:::nr [0z
output = Lout boffeciil:

el B lane e [inpakl

be0ODDDODDDD DeDOFFDOFE
DeDDDDDOFF DxDOFFDODD
beDODDODDD DxDOFFDOFE
beDDDDDOFF OxDOFFOODD
beDOFFODDD DxDODDDOFF
beDOFFOOFF DxDODDDODDD
bEDOrro00D DeDODDDOFE
bxDOrFOOrr DxDODDDODD
bxDODDDOrF DeDOFFOODD

“““““““ DxDOFFDOFY
Fuas Pifoea R

1 1520FESH PTT B, impe
LE R ]
Bloowipet

« (0 0Q000000  AR4 = (009094
-1 LT N SYTE S

Puc.3.7. Buemnuit Bug cpenst Code Composer

Ha pwuc.3.7. mpencraBien BHemHuid Bua cpenbl Code Composer. 3to
mHorookornoe Windows-npuioxenue. MOXHO B pa3IHYHBIX OKHAX MPOU3BOIUTH
pEeIaKTUPOBAHUE HMCXOIHOTO TEKCTa, MPOCMATPUBATH CONEPKUMOE TaMATH H
PETUCTPOB, NMPOU3BOIUTH HACTPOWKY KITFOUEH KOMITWIATOPAa M KOMIIOHOBIIMKA H
T.1. [To KOMaHAe U3 MEHIO WM C TIOMOIIBIO TOPSYMX KIABHUII MOKHO BBITIOJIHSTD
KOMITWJISIIIMEO M KOMITOHOBKY, ITOCJIE KOTOPBIX B OTIEIILHOM OKHE OTOOpa)aeTcs

PE3YJIbTAT X BBIIIOJTHCHUS.
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[Tocne Toro kak mporpaMma CKOMITWJIMPOBAHA U CKOMITOHOBaHa, TpeOyeTcs
ee otnaaka. [Ipu oTCyTCTBUU IMYNISATOPA MOXKHO BOCIIOJIb30BAThCS MPOrPAMMHBIM
CUMYJIATOPOM, KOTOPBIA TO3BOJIIET  BBINOJHUTH NPOTPAMMY, HCIIOIB3YS
MaTEeMaTUYECKYIO (U JIOTMUECKYI0) MOJIEIb COOTBETCTBYIOMIEro mporeccopa [[OC.

JIns oTNagKu OPUKIAJHBIX MpOrpaMM B peaJbHOM BpPEMEHU Tpedyercs
cnenuanbHas ammaparypa. s mpomeccopoB  cepun  TMS320  dupmoit
«HCTpyMEHTanbHbIe cUCTeMb» npenaraercs smymnsaTop EMUS10PCI, koropsrit
ABJISIETCSL TIOJHBIM aHaioroMm sMmyssitopa XDS-510, mpousBogumoro Qupmoit
Texas Instruments. Dto cnenuanbHas IUlaTa, ycTaHaBIWBaeMmas ¢ JIFOOOMH
cBoOoaubii cior mmHBl PCl mepconanpHOro kommbioTepa. C  1OMOIIBIO
crenuanbHoOro kadens oHa nojakiovaercs k uatepdeiicy JTAG neneBoit cucremsl,
MOCTPOCHHOW Ha JII0O00M M3 TporeccopoB cemerictBa TMS320. Jlnsa ornagku
UCIIOJIB3YETCS CIEHAIbHOE MPOrpaMMHOE OOecreueHue, BXOJSINEe B COCTaB
Code Composer Studio.

Kak Oputo ykazaHo BeIme, s mporeccopoB cemeiictBa ADSP
npejiaraeTcs nporpaMmmHbiid maket VisualDSP++.

Ha pwuc.3.8. npencrabnen BHemHuit By cpenbl VisualDSP++. Do, Takxke
kak u Code Composer, muorookonnoe Windows-npuioxxenue. Bo3moxHOCTH
nakera VisualDSP ananormuansl Bo3moxxkHocTssM Code Composer.

JIns oTnaaku MpUKIAIHBIX mporpaMM Ha mpoieccopax ADSP B peanbHOM
BPEMEHU TaK¥XKe Tpedyercs CrieuayibHas amnmnaparypa. dupmont
«HCTpyMEHTanbHBIE  cuUCTeMbl»  mpearaerca  smynarop  EMU-ADPCI,
MOJIHOCTBhIO cOBMecTUMBIN ¢ amynaropom EZ-ICE ¢upmber Analog Devices. D10
CrielMalibHas IJlaTa, yCTaHaBiIuWBaemas C Jr000d cBoOOaHBbIN cioT muHbl PCI
NepCOHAIBHOTO KoMmmbioTepa. C  TOMOIIBIO  CHENHAIBHOTO Kabens oHa
nonkiouaercs Kk unrepgericy JTAG neneBoil cucTeMbl, TOCTPOEHHOW Ha JIFOOOM
u3 mnpoueccopoB cemerictea ADSP. [l OTHagku HMCIONB3YETCS CHELUAIbHOE

IporpaMMHOE oOecrieueHue, Bxoasiiee B coctaB VisualDSP.



] Analog Devices YisualD5P++ - [Target: ADSP-T5101 TigerSHARC Cycle Accurate Simulator] - [Project: DSPLab] - [File.cpp]

File Edt Session View Project Register Memory Debug Sefttipgs Tools Window Help -8 x
DSE@S %Y AT HTE| e w2 7
£ B U B | DSPLab Debug B Oy Gy
HES ML m PR EBEE SO E
b Himtogram 1 % | Exscusion Uni * % |Line... |Sourae
[ ] 22 .650% heapalloes
| '] a_z9% nw___FUL
| | 7.80% findblosk
| ] 7.50% =torlaop
[ | £.59%  __ Add=td____ ..
| | £.91% _rmallos
[ 4.34% et Q...
[] 4.27% __Imit_ DZ...
1 2.93% | _clear__ 0z . Y
Tatal Samples: 1640 Elapsed Time: 00:00:00 Enabled
= finclude "Matriz matrd? tst" ~ =
m 3
Project Group [1 project] int 1i,3; ox2
‘ E [0000E27] © [k&7T += OHFFFRA
= @gphﬂ, float £2[H].£3[H]
223 Souroe Fies -
File.cpp y?aln() = EEEEEZ:; ?;:5 +Daxsn] = 3
- Lirker files Eloat A[3].B[4] buf . c[4]: [00D02A] wrlz = [3265 + C
situz32 tat o | for (int 1=0:1<3:1++]) | [D000ZE] =rl? = OE2::
{23 Header Files { clil=0: [00002E] =COME (x12, =13):
for (int j=0;j<N;j++) [00002D] IF nxale, JUME O
cl[i]=c[i]+f[j]*matr[i]1[]i]; [ODD0ZE] wrl4 = O:-
£ t
if (i==2_ [OOD0EF] 38 = xxrlZ:s
{ if (j==N-2-1) [000020] 310 = 326 + OX3E
i buf=c[2]: [000021] [410 + 591 = xrl
clz]=0; [000022] yrd = wxeld;:
(- 1 i 3 [0D0022] [326 + OXIE] = g
¥ Project £ 3 3 »
X Hit bre=akpoint at OxlE4d ~

Hit breakpoint ac Ox1f4

Ox1f3

Ox1£4

Loading: "D:%Disk F\1%Furkat-3lantTransform) Debug) D3FLab  dxe". . .
Load complete.

Hit breakpoint at Ox28

Console A Euild / H( >

Ready Halted Line 19, Cal 1 YBScript UM

Puc.3.8. Buemnuii Bua cpensl VisualDSP++

Hanuune monHoro Habopa CpencTB ammapaTHON M MPOrPaMMHOM OTIAIKU
BeCbMa BaXXHO JIJIsl JIFOOOTO MpoekTa, ocHoBaHHOro Ha DSP. Paccmorpum stambl
NPOEKTUPOBAHUSA MporpamMMbl BblMONHEHUs anroputMa Ha ADSP-TS201 ¢
OPUMEHEHUEM CPEJICTB OTIAIKH.

IlepBbIil mar B mpouecce NpOEKTUPOBAHUA — 3TO ONHMCAHUE APXUTEKTYPbI
CHUCTEMBI, KOTOpPO€ BKIIOYAET TaKyl HHPOpPMAIMIO, KaK THI MPOIEccopa,
nepudepuitHple yCTpONUCTBa (BHEIIHAA MaMATh, KOJEKH, XOCT-TIPOLIECCOp, KaHAIbI
CBs3M), KOHbUrypanuoo. Ita uHpopmalus moMemaercs B (aiiia, Ha3bIBaEMbIN
LDF (¢aiin onmcanus cBs3ei).

Cnenyromuii 1mar B TMpolecce MNPOEKTUPOBAHUS — TEHEPUpPOBAHUE
BBITIONIHsIEMOM Tiporpammel. [IporpaMmMa co3fiana Ha si3bIKe BBICOKOTO YpoBHST C++.
[Iporpamma pazpaboranHas Ha C, nomKHAa OBITh OTKOMIWIMPOBAHA s
NOJIy4EHMsI KoJla Ha si3bIke accemOiiepa. HyKHO y4UTBIBaTh, YTO MPEUMYILECTBOM
UCIOJIb30BaHus si3bIka C sBIIETCA MPOCTOTA MPOrpaMMHUPOBAaHUS, B TO BpEMs KaK

pe3ynpTaT KOMIMJIMPOBAHUS TaKOW Mporpammbl He Tak 3¢ (EKTHBEH, Kak Ipu
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OpOrpaMMHUpPOBAHUM HEMOCPEACTBEHHO Ha accembiiepe. S3bIk  accemOuepa
koMmmanuu Analog Devices mns DSP ucnonb3yer anreOpandeckuii CUHTAKCUC U
JIOCTaTOYHO TIPOCT MPHU HETMOCPEJACTBEHHOM WCIIONh30BaHUM. B KOHIE 3Tama
KOMITHJISIITAY KOMITOHOBIIIMK T€HEPUPYET UCTIOTHSIAEMBIN (haii.

JIJisi KOHKPETHOW peanu3aiiil KOHTPOJIBHBIX MPUMEPOB MO UCCIIEIOBAHUIO
AHAIM3UPOBAHHOTO METO/JAa U ajropurMa oOpaboTKu OyauM UCIOJIb30BaTh
MHTETPUpPOBaHHas cpena paspaborku  VisualDSP++, koropas obOnanmaer
CJIETYIOIUMHU OCOOEHHOCTSIMHU.

Cpena paspaborku VisualDSP++ mno3Bosisier co3maBaTh M U3MEHUTh
UCXOJHBIC (halyIbl, UCTIOJIb3YsI MHOTOBAPUAHTHYIO TOJICBETKY CHHTAKCHUCa S3bIKa,
NPUMEHATh 3akiajku, meron drag-and-drop, W Japyrue craHIapTHBIC MPHEMbI
penakTupoBanusi. MOXKHO MPOCMOTPETh B OTPEAAKTUPOBATh (Pailiibl, CO3/1aBaeMbIe
BCTPOCHHBIMU CPEICTBAMHU aBTOMATHYECKOW reHepaIuy Koia.

Cpena VisualDSP++ mo3BossieT MCHOIB30BaTh CIEAYIONINE WHCTPYMEHTHI
paspabotku: komnuisaTop C/C++, VIDL koMnumisaTop (KOMIUISATOP CHEIHATIBHOTO
s3blka WHTEpdeiica ¢ paHee pa3pabOTaHHBIMU MPOTPAMMHBIMU KOMIIOHEHTAMH),
acceMOJiep, KOMIIOHOBIIMK (JMHKEp), 3arpy3ddk W CHMYJISTOP — OTJIAUYHK.
Omuy, ompeneisonie BapUaHTHl HWCIOJb30BAHUS ATUX HHCTPYMEHTAIbHBIX
CPEICTB, MOTYT OBITh 3aJlaHbl KaK B JUAJOTOBBIX OKHAxX, TaK M YKa3aHbl B
KOMAaHJHOW CTPOKE B BHUAE KiIOUe. MOXHO yKas3aTh OINIUU I KaxIoro

OTACJIBHOI'O cl)afma H I BCETO IMMPOCKTA B LEJIOM, a BIIOCIICACTBUU NX U3MCHHTD.

BbIBOABI

B TpeTeii rinaBe moy4eHsl CASAYIOIINE OCHOBHBIE PE3YIIbTaThI:

1. IlpomenaH aHanM3 apXUTCKTyp CHCIHAIM3UPOBAHHBIX IIPOLIECCOPOB
00pabOTKH CUTHAJIOB.

2. BpiOpaHa cepusi CHTHAJIBHOT'O TIpoIieccopa.

3. BbeiOpaHbl MeTOMBI, aJrOPUTMBI W HPOrpaMMHBIC CpeACTBa HHU(PPOBOM

oOpabotku curHanos s ADSP 102.
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I['JIABA 4. PABPABOTKA ITPOI'PAMM JIJISI UCCJIEJOBAHUSA
AJTOPUTMOB U YCTPOMCTB IU®POBOM OFPABOTKHN
CHUT'HAJIOB
4.1. Peanu3anusi nporpamMm Ajs pujabTpauuu CUrHAJIOB OT NOMeX ¢

ucnosb3oBanneM KNX-puabTpos

Ha ocHOBe BBIIIEONUMCAHHOIO AQJIrOPUTMa HEPEKYPCUBHOW (QUIbTpanuu
CUTHAJIOB pa3paboTaHbl HIpOrpaMMHble cpeactBa. Pa3paboTka mporpammbl
NPOU3BOAMIACE Ha si3bike mporpammupoBaHus C. C momomipio pa3padoTaHHBIX
nporpaMM MPOBOAMHBI TECTUPOBAHWUE CHUTHAIBHBIX MPOILECCOPOB, KOTOPHIC
noapoOHO naHa uHpopmanus B pasnene 3.2. B kauectBe koMmuisATopa Oblia
BbIOpaHa muatgopma VisualDSP++.

Pa3paborannas mporpamMma peanu3oBaHa B BHae mpoekTa. Ilmardopma
VisualDSP++ 3amyckaer mpoekTa Ha BUPTyaJIbHOM Tpoiieccope. Tum mporeccopa
BBIOMPAIOTCS U3 CIIUCKA OUOIHOTEK.

B kauectBe wucXomHbI MHOpManMM B JaHHOW mporpamme Oyzer
UCIOJIb30BAThCSl CUTHAJBI, TIOTYYEHHBIE C TIOMOILBIO MATEMAaTHYECKUX (HOPMYIL.

[IpoekT mporpamMmbl BKIIFOYAET B ce0s1 5 Tap OCHOBHBIX (haiiyioB, U3 KOTOPHIX 3
— cTaHgapTHble (aitsl, a 2 — Qaiiel, pa3padoTaHHBIE!

Cmanoapmnule (haiiivl, coO30ar0uuecs a6momMamuyecKu:

1. DSPLab.dpj.

2. DSPLab.mak.

3. DSPLab.pcf.
Paszpabomannvie gpatinoi:

1. File.cpp;

2. cache_macros.h.

[IpoekT BKiIOYaeT B ce0d / Kiacc, U3 KOTOPHIX 6 KIACCOB SIBIISIOTCS
CTaHIapPTHBIM JJII MHOTOJOKYMEHTHOT'O MPHJIOKEHHs, 1 KJIaccoB MpeaHa3HAueH

J1s1 paboThI ¢ HU(PPOBBIMU CUTHAJIAMM:
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CmanoapmHule K1accwi:

1.

Knacc CAboutDIlg — npenna3HaueH uis BbIBO/Ia Ha 3KpaH WH(OpMAIUH
0 TporpamMmMme u Apyrou Heobxomaumon nHpopmaiuu.

Kitacc CBMPApp — 3TOT Ki1acc OTBEYAET 3a BCE MPHIIOKEHUE.

Kiracc CBMPDoc — npennasHadeH a1 XpaHeHUsT U 00paOOTKH JTaHHBIX
Ka)KJI0T0 JTJOKYMEHTA MPUIIOKCHUS.

Knacc CBMPView — npenHa3sHaveH i MPEACTABICHUS M BBIBOJA Ha

9KpaH H€O6XOIII/IMBIX JaHHBIX.

Knacc CChildFrame - orBewaer 3a Kaxaoe JIOUYE€pPHEE OKHO
TPUITOKEHHUS.
Knacc CMainFrame — otBewaer 3a paboTy W (QYHKIMOHUPOBAHUE

TJIaBHOI'O OKHaA IMPHIIOKCHHA.

Knacce, npeonasnauenmnswiii ons pabomsl ¢ yugposvimu cuenaramu:. Kiace

Cache_macros — 3aech pa3paboTaHbl METO/IbI, OCYIIECTRIISIONINE IPe0Opa3oBaHuUs

CHUI'HAJIa.

OcHoBHas CTPYKTYpa IIPOCKTa IMporpaMmal HpCHHaBHa‘IGHHOﬁ pIRIb |

npeoOpa3zoBaHus Xaapa MMEET CICAYIOMNI BHI:

Cumynstop mporeccopa ADSP (VisualDSP++)

M A Y NN\
Bxonnon R HepekypcuBHas ¢uiabTparus .| Brixonnoi
CHUI'HAJI CHUI'HAJI

Puc. 4.1. CtpykTypa nporpammsl.

B Onoke Cumyastop mnpoueccopa ADSP (VisualDSP++) Beruucisiercs

kodpduimMeHTsl npeodpazoBaHus Xaapa, B dTame mnpsimoe mnpeoOpaszoBanue. C
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MOMOIIIBIO MOJYYEHHBIX KO3(P(DUIIMEHTOB 00paTHO BOCCTAHABIMBAETCSI MCXOJIHBIN

CHUTI'HAJI.

4.2. llpuMep npakTHYECKO# peaiu3alMid HA KOHTPOJIbHOM NpUMepe

PaccmoTpum paboThI IpOrpaMMBI:
Jlis paGoThl ¢ TpOrpaMMoOil HYKHO CI€HEpHUPOBATH CIYYalHBI CHUTHAI C
UCIIOJIb30BAHUEM TPUTOHOMETpHYECKHUX (DyHKIUHU SiN win COS (puc.4.2). B namrem

npumepe f (x) = sin(27x) + cos(zx/5) , unucio orcueToB N=64.

- Untitled - DSP e e
File Wiew Help

O %

Pynruma f[t) = i 24+ 5 cost/s] Macurad: 10

Yucao oTcyeTos: B4 2anuCaTe B thaiin

Ready LI

Puc.4.2. 'enepatop ciaydailHbIX CUTHAJIOB

[Tocne momyueHust HICXOMHOTO MHpOpMaIuu (U(pPOBON CUTHAI) 3aITyCKaeTCs
nporpamma cumysisitopa (VisualDSP++) u otkpoercst ipoekT. [Tocse oTKpoITHs

NpoeKTa mpeodpa3oBanue Xaapa CUMYJISTOP UMEET CICIYIOIUN BUI:
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File Edit Session Misw Project Eecister  Memory  Debug  Settings Tools  window  Help
= DwddsEs %3 PR MACHETE| AR (w2
X | Gy | & [ By B G

ENE. S-REURUA" N L R W O $ O =)
Bk

SmMad @

Project Group (1 project]
= [ DSPLab
=433 Source Files
\ & Filecpp
(3 Linker Files
=423 Header Files
cache_macros.h

" 15 Project

utput Window R4

Ellis l}i}l 7|7 console { Buld [ || 3 | E

Ready Hot connected WBStript MU

Puc.4.3.

YroObl KOMIMIMPOBATh MPOEKTa HY)KHO Haxxar kHomy Rebuild All (1)
KOTOPBII pacIojioyKeH Ha MaHeIu WHCTPYMEHTOB. [lociie KOMIMISAIUN CUMYIISITOP

MMEET CIEAYIOIINN BU:

ces VisualDSP++ - [T

Edit Session View Project Register Memory Debug Settings Tooks Window Help -8 %
DSHE@ S 28 LR o AACHTE AR (32T

B % Rl & e DsPLa
EIEL oL@ PP lEE EDIRSE
[Project:nspiabdp) RS t

Froject Group (1 project) #ifdef _ ADSPTSZ201__
=y DSPLab asn(’ N symtem st

#include <deft=201.hy ~

=23 Source Fies #include cache_macros.hx

[0000001 327 = 321 + OHSE

B Fiecep Cache enable( 750} N [000004] k27 = K31 4+ OE1C
(2 Linker Files #include <ini_cache hy (0000051 Je8:0 = O [321 +
=4 Header Files tinclude <fftdef hs: ~ —a_=nd
f cache_macros.h preload_cache; ~ S [000006] Xb3:0 = O [331 +
= . "y [O0000A] 312:0 = Q [321 +
Fendif [O0O00C] ®13:0 = @ [331 +
[00000DE] 326 = OXelelelsl
float sum: [000010] IF srue, CALL _
. . __donme_=lib_init
& int win=2, kk=0 [0000141 IF srus, CALL __
= = [000018] 3% = 38
;?:1; ?E<H) 1 (0000131 35 = o®scoccs: | 2|

[00001B] IF erus, CALL m=
[00001F] IF txue, JUMF _=

=ymtam sear

sum=0; kk=0:
for {int w=0; wiwin: w++)

[000022] nep

if ((t-w)>=0) [0000223] nopsr
sum+=vi[t-w]; bl [000024] [327 += OEFFFEFF
kk++: [0O0025] 326 = 327 - OX2C
+ [000DEE] kK26 = K27 - OX4C

[O00027] k27 k27 - OE4r
5 yaewlt1-sunkk; o covonce: EEENENEEE
+ [O00029] [326 + OXZC]

¥ Project =

Lomdimg: “D:413NFilesy Lakz UDSP4++FILE, Dabug DEPLak drka” -
Load =omplets.
Hit breakpoine ac OxZ6

Dutput Window |EES

->
LT console 4 Buld | E

Ready Halted Line 33, Col 1 VBScript UM

Puc.4.4.
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Ha puc.4.4. nokazana cTpykTypa npoekra (okHO pazaena Project: DSPLab.dpj),
UCXONHBIA KO KoToporo Ha s3bike C++, MamuHHBIA Kon (OKHO pasjena

Disassembly) u oxHo pesynbratos (Output Window).

C maxarmeM komkd Run (=) wm ¢ momompro F5 U3 KiIaBHATYpEI
nporpaMMa 3alycKaeTcsl W pe3yilbTaThl OyayT BhICBEUHBAThCA Ha okHe Output

Window (puc.4.5).

[ Analog Devices VisualDSP++ - [Target: ADSP-TS101 TigerSHARC Cycle Accurate Simulator] - [Project: DSPLab] - [File.cpp]

File Edit Session Yiew Project [ [l Debug Settings Tools wWindow Help - |8 x
O & & BACHTE| 4 nh 2
s B B | By DSPLab Debug Oy By Gy
£ LU El®ma
T x
e pe Bravall meea) #ifdef _ ADSPTS201__ [>]=]
= by DSPLab alSm(xflnl:lut:le <deft=201 . h> : — =recem =caA]

423 Source Files

finclude cache macros. b [oRooool 327 = 331 + OHAE

File.cpp cache_enable(7E07); N [000004] k27 = k21 + OHE1C
(23 Linker Files #include <ini_cache . h: ~ [OOOOGE] jk2-0 = 0 [321 +
=23 Header Files finclude <fftdef h»: . = end
cache_macosh . preload_cache: S = [000005] )f:bQ:D =0 [;.|31 +
: [0OD000A] 312:0 = @ [421 +
fendif [00000C] k12:0 = @ [321 +
[OOODOOE] 326 = OHE8l518lel
float sum: [000010] IF tru=, CALL __
_ _ __dene_olib_init
o | int win=2, kk=0; [000014] IF tru=, CALL __
int t=0: = [OO0018] 34 i F-In E
while (t<N) [O0OD0O0138] 35 = 0OEBOO0CC: 7
i [O0001E] IF trus=, CALL ms
SuTﬁ:D,' kk=0,' [OODO01F] IF tru=, JUMP _=
for (int w=0. w<win: w+t) —ST=tem star
[0000221 nops -
if ({t—w)x=0} [OO0022] nops -
main
sun+=yf[t—-w]: B | [0D0024] (327 += OHFFFFFE
Jelet+ [0O0025] 326 = 327 - OH2C
¥ [000026] k26 = k27 - OH4C
[O0DD27] X277 = k27 — 0OH4:r
L ynew[t]=sunkk: 4§ [000028] yr4 = OH2,»
L+ [0O002S] [j26 + OH=zC] =
- ¥
Bprogect 51 I ——

X T 4_279520 - 4 _B50015
@: S.42z050 B 4.9007885
S:  4.577100 B 4.999575
10:  4.700740 H 4529920
11l: 4._.0z29210 H 4.264975

1z : 2.249250 H 2.623280

vl

Console .& Euwild ./ |

Ready Rurnning Line 33, Col 1 WBScript UM

Puc.4.5.

OCHOBHBIE MTOJTYYEHHBIE PE3YJIHTATHI:
N: y[N] . ynew[N]
0: 1.000000 : 1.000000
1: 0.003354 : 0.501677
2: 2907260 : 1.455307
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12
13
14
15

16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:

32

1.912080
4.430630 :
3.447670 :
5.320510 :
4.379520 :

5.422050

: 4.700740
: 4.029210
: 3.249350

2.409670
3.171355
3.939150
4.384090
4.850015

4900785
4577100 :

4.999575

: 4.638920
: 4.364975
: 3.639280
: 2.844150
0 1.274960
: 1.230920

3.046750
2.059555
1.252940

-0.932015

-0.535551

-3.041910

-3.371980

-3.975060

-3.872870

-3.087140

-0.098018
0.402316

:0.149452

: -0.733783
: -1.788730
-2.159420
-4.736430

-2.600665
-3.447925

: -4.054205
-5.757660 :

-4.564820

. -4.866360
-5.948070

-4.961565

: -4.910470
-5.275080 :

-4.573975

: -4.181110
-3.836360 :
-1.753260 :
-1.845150 :

-3.461750
-2.794810
-1.799205

: -0.971584
: 0.152149
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33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44:
45:
46:
47:
48:
49:
50:
ol:
52:
53:
o4:
95!
56:
ST7:
58:
59:
60:
61:
62:

1.597530 :
2.572150 :
3.043970 :
4.343850
: 4.167425
: 4.725060
: 4.863870
5.760970 :
: 4.788326
: 4.516330
2.690880 :
3.923180 :
1.064500
2.088100

3.991000
5.459120
4.268620

3.815680
5.216980

-0.807845
-0.000487
-2.625530

-1.626500

0.999923
2.084840
2.808060
3.693910

5.014795

3.953930
3.307030
2.493840
1.576300

: 0.640128

: -0.404166
: -1.313008
-2.020850 :
-4.090740
-3.667480
-4.956370 :
-4.698200
-5.066290 :
-4.971020 :
-4.381540
-4.464910
-2.988210 :
-3.281320
-1.085620 :
: -1.356060

-2.323190
-3.055795
-3.879110
-4.311925
-4.827285
-4.882245
-5.018655
-4.676280
-4.423225
-3.726560
-3.134765
-2.183470

72
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63: 1.043560 : -0.291470

rJIe,
N — 9MCcI0 OTCUYETOB,
Y[N] - BxomHas uapopmarus,

ynew[N] — Beixonnas uHdopMaIys (pe3yIbTaT 00paTHOro MpeoOpa3oBaHuUs).

Teneps OCMOTPUM Bce pe3y/IbTaThl Ha rpadukax u guarpammax (puc.4.6-10).

o] Analog Devices VisualDSP++ - [Target: ADSP-TS101 TigerSHARC Cycle Accurate Simulator] - [Projec PLab] - [File.cpp]

File Edit Session View Project Register Memory Debug Settings Tools ‘Window Help

- 8 x
0= = B8 Ma o mET | e nh? ?
B X |0 O Ry | S DSPLab Debug Dy By Dy
SLEE A g B N DEE BEORFE
x - - T -

5 Hi=mtogram 1 X lExecub:lnn TUni % 1 Line laource
[ ] 27.55% __ _fputco
| ] 11.99% | _ print_£1...
'] B.49% | __ put_=tring
7F.51%  __ deoprnt_=2
7F.42%  __theputchar
5.80% | __ do_cutput
5_04%  __ parma_forms
2.27%  _=txrlen
Z.11%  __ print_fixed ¥

Tokal Samples: 495333

Elapsed Time: 00:02:25 Enabled
x 1 ~
Project Group (1 project] tifdef _ ADSPTS201_
=-Ivy DSPLab asm( " ™~ : .
lﬁ? 23 Source Files #include <defts201 he: -~ R —Eefl‘?;:o—lg_ . 4
- #include cache _macros. b t 148 =3 o
F'le-_CPD cache _enable(750): . ——lib_prog_texm
[Z Linker Files #include <ini_cache h: @ r[ooolcol [IF srue, JUMP _ lib_pxc
=3 Header Files finclude <fftdef he; b [0001C2] nopr s
cache macms h preload_cache:; ~ [0O001E2] neps s
= "y divdiz
fendif [0001C4] 386 = 327 — OX40: k26 =
[0001CS] [327 += OEFFFFFFF4] = o
float sum; [00O01CE] xxZ2l:20 = LBHIFT x21:20
. . [0001CA] IF xasg, JUME KS_Z2 (NP} 5
® | int win=2. kk=0: [0001CD] IF ®as=g, JUMP K3_Z3 (MF) -
. 0001CF] k16 = k21 + O5 1x5:4 3
== int t=0; b : ! e h
-[¥ Project < > < S
b 59: -z.=88z210 - —2.726560 ~
s0: -2.281%:20 : -2 .1234765
51: -1.085620 : —z.182470
sz: -1.626500 : -1.258060
s3: 1.042560 : —o.221470
Hit breakpoint at Oxl=O
“
Console { Buid / ||< ¥
Ready Halted Line 33, Col 1 Y¥BScript UM

Puc.4.6. I'padprueckue npeacraBieHre pe3yibTaToB
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Hi=mtoogram =

Executisn Uni ™

% Liinme. .o

SBource

-55%
.99%
- 49%
-51%
- 42%
- B0%
- 04x
-ETR
-11%
=
425
LE26%
LE22%
- 96%
- B0%
. 7E%
-TE%
425
. 28%
225
- 18%
- 18%
.o0zx
.osx
-01%
-01%
-01%
-01%
_01%

(o]
-1

[
m ~

Oo00o0o000000000000HKRHHMIMIMm-1-1

£

_ Fputc
_ print_F£1._ ..
___put_=tring
_ doprnt_32E
___theputohar
__do_ocutput
__par=e_Fforms
_=trlen
_ print_Ffime=d
mainl)
_ par=e Fi=ld
_ EFFflu=h
ndivr=i2
_leng to_ ...
__dair write
_ umod=i2
_ Flu=hwri. ..
_FRIMITIVE. ..
mod=3i32
_ _printcfa:
__ primIc
—pad
_dinitc_dawrd. .
_ =torloop
_init__devtak
_ heapalloc
hegpinit
=rmbe |
mi dmnitialis

>

Tatal Samples: 495393

Elapsed Time: 00:02:25

Enabled

Puc.4.7. [InarpammMa BCnioib30BaHUE PECYPCOB
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Line Plat

Untitled

an
a0,

BO0

Untitled X

Puc.4.8. Pe3ynbTaT paboThl HEPEKYPCUBHOM (PMIBTPALIMU CUTHAJIOB
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4.3. UHcTpyKIMs 1JIsl I0JIb30BaTeJIei

Jliia Havana paboThl ¢ MporpaMMoi €€ He0OXOIUMO CKOMUPOBaTh Ha JUCK C:
win D:. Takxe mo yka3aHHOMY IIyTH MOMEIIAETCs Marnka ¢ AeMOHCTPALMOHHBIMU
U TPOOHBIMM CHUTHaJaMU I TIPOBEPKH PabOTOCIOCOOHOCTH TPHIOKEHUS.
Curna, noCTynawIKe Ha BXO/ MPUIOKEHHS TOJKHBI UMETh pa3Mep 64 Toyek.

Hauano pabotbsl npou3BoAuTCs ¢ 3amycka nporpamMMbl. Ha sxpaH BBIBOAUTCS
IJIaBHOE OKHO MPUIIOKEHHUS.

B MeHto «@aiin» BeiOupaeM MyHKT «OTKPBITHY» WIH HAKAMAEeM KOMOHWHAIIUIO
wiasui «Ctrl+Oy». B mosBuBIIEMCS MOJAJIBHOM JUAJIONOBOM OKHE HEOOXOIUMO
BbIOpaTh OCHOBHOM (haiin mpoekta. [Tocne Haxkatus Ha knasumy «OK» oTkpoercs

IIPOEKT.

C naxxatreM Korku Run (%) mwm ¢ momompsio F5 U3 KIaBHaTypsI IporpamMma
3aITyCKaeTCsl.
Y1oObl M3MEHUTh OTCYETOB (PYHKIMM M COOTBETCTBEHHO €r0 MAaTpHIIbI

HY>KHO U3MEHHT (Daiiiibl, KOTOPBIN PACTIONOKEH BHYTPHU MaIKa MpOoeKTa.

BbIBOABI
B derBepToi I71aBe MOTYyYEHBI CIEAYOLME OCHOBHBIE PE3YJIbTATHI:
1. IlpuBoauTcs peanusanusi pa3padOTaHHOW MPOrpaMMbl s (UIBTPALUU
CUTHAJIOB OT noMex ¢ ucnoiabzoBanrneM KNX-punbrpos.
2. laércs mpuMep MpaKTUYECKOM peann3aiiy Ha KOHTPOJIBHOM MpUMEpE.

3. Pa3paborana HHCTPYKIHS 17151 TIOJIb30BaTENCH.
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3akiiouenne

B xone BBIMOMHEHUS IAUCCEPTAIMOHHON pabOTHI JOCTUTHYTHI CIEAYIOLIUE
pe3yIbTaThI.

B pabore man 0030p CYIIECTBYIOIIMX HA HACTOSIIEE BpeMs JIHHECHHBIC
CUCTEMBI, CUTHAJIOB U aJITOPUTMOB IU(PPOBOK 00paOOTKU CUTHAJIOB.

B nepBoii rinaBe uccienoBaHbl CBOMCTBA JIMHEWHBIX CUCTEM, AHAJIU3UPOBAHbI
CTPYKTYPHBIE CXEMbl JIMHEHMHBIX CHCTEM, OINPEJEICHbl OCHOBHBIC 3a7aud U
HanpaBieHus: 1U@PoBOl  00pabOTKM CUTHAJIOB, aHAJU3UPOBAaHBI  00JACTH
npuMeHeHus UGPOoBO 00paOOTKM CUTHAJIOB.

Bo BTOpOii riaBe aHaIUM3MPOBAHBI KIIOYEBBIE ONEpalMd LHUPPOBOH 00pabOTKU
CUTHAJOB, HCCIIEOBaHbl CHEKTpPaJbHbIE METOABl O00pabOTKHM  CHTHAJIOB,
pPaccMOTPEHbI METOABI (PMIBTPALIMU CUTHAJIOB C UCIOIb30BAHUEM CIIEKTPATbHBIX

B Tpereil rnaBe mpoxaenaH aHaNM3 APXUTEKTYp CIENUATU3UPOBAHHBIX
IPOIIECCOPOB OOpaOOTKM CUTHAJIOB, BBIOpaH CepHUsi CUTHAIBHOTO MPOIECCOopa,
BBIOpaHbI METOIbI, AITOPUTMbI M MPOTPAMMHBIE CPEACTBa IU(GPOBOM 00pabOTKH
cur"aiioB juts ADSP 102.

B derBepToOii TT1aBE MPUBOANUTCS peanu3alus pa3padoTaHHBIX TPOrpaMM st
(GunbTpalluu CUTHAJIOB OT NoMeX ¢ ucnoib3oBanueM KUX-punbTpoB, maércs
npUMep MPAaKTUYECKOW pealu3alid Ha KOHTPOJIBHOM MpuMepe, s yaoOcTBa

II0JIB30BaTCIIA pa3pa60TaHa WHCTPYKIMA 1A M0JIb30BaTeIICH.
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Ipuioxkenue

File.cpp
#ifdef  ADSPTS201

#include <defts201.h>
#endif

#define N 64

#include "cache_macros.h"
#include <stdio.h>

#include <math.h>

float yf[N] ={
#include "Function/Function64.txt"
b
float ynew[N];
main()

{

#ifdef  ADSPTS201

asm(" \
#include <defts201.h> \
#include cache_macros.h\
cache_enable(750); \
#include <ini_cache.h>\
#include <fftdef.h>; \
preload_cache; \

")
#endif

float sum:

80



int win=2, kk=0;
int t=0;
while (t<N)
{
sum=0; kk=0;
for (int w=0; w<win; w++)
{
if ((t-w)>=0)
{
sum+=yf[t-w];
kk++;
b
¥

ynew[t]=sum/kk;

t++;

printf("N: y[N]
for (t=0; t<N; t++)
{

printf("%d: %f :

return O;

. ynew[N]\n");

%f\n" t,yf[t],ynew[t]);
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DSP.cpp
I/ DSP.cpp : Defines the class behaviors for the application.

I

#include "stdafx.h"
#include "DSP.h"

#include "MainFrm.h"
#include "DSPDoc.h"
#include "DSPView.h"
#ifdef DEBUG

#define new DEBUG_NEW
#undef THIS_FILE

static char THIS_FILE[] = _ FILE__;
#endif

U |
I/l CDSPApp

BEGIN_MESSAGE_MAP(CDSPApp, CWinApp)

ON_COMMAND(ID_APP_ABOUT, OnAppAbout)

ON_COMMAND(ID_FILE_NEW, CWinApp::OnFileNew)

ON_COMMAND(ID_FILE_OPEN, CWinApp::OnFileOpen)

ON_COMMAND(ID_FILE_PRINT_SETUP, CWinApp::OnFilePrintSetup)
END_MESSAGE_MAP()

CDSPApp::CDSPApp()

{
/I TODO: add construction code here,

// Place all significant initialization in Initinstance
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CDSPApp theApp;
BOOL CDSPApp::Initinstance()
{
AfxEnableControlContainer();
#ifdef AFXDLL
Enable3dControls();
#else
Enable3dControlsStatic();
#endif
SetRegistryKey(_T("Local AppWizard-Generated Applications"));
LoadStdProfileSettings(); // Load standard INI file options (including
MRU)
CSingleDocTemplate* pDocTemplate;
pDocTemplate = new CSingleDocTemplate(
IDR_MAINFRAME,
RUNTIME_CLASS(CDSPDoc),
RUNTIME_CLASS(CMainFrame),  // main SDI frame window
RUNTIME_CLASS(CDSPView));
AddDocTemplate(pDocTemplate);
CCommandLinelnfo cmdInfo;
ParseCommandLine(cmdInfo);
If ('ProcessShellCommand(cmdinfo))
return FALSE;

m_pMainWnd->ShowWindow(SW_SHOW);
m_pMainWnd->UpdateWindow();

return TRUE;
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class CAboutDlg : public CDialog
{
public:

CAboutDIg();

enum { IDD = IDD_ABOUTBOX };

protected:

virtual void DoDataExchange(CDataExchange* pDX); /l DDX/DDV
support

protected:

DECLARE_MESSAGE_MAP()

¥

CAboutDIg::CAboutDIg() : CDialog(CAboutDlg::IDD)

{
II{{AFX_DATA_INIT(CAboutDIg)

IN}AFX_DATA_INIT

void CAboutDIg::DoDataExchange(CDataExchange* pDX)

{
CDialog::DoDataExchange(pDX);
II{{AFX_DATA_MAP(CAboutDIg)
IN}YAFX_DATA_MAP

b

BEGIN_MESSAGE_MAP(CAboutDIg, CDialog)
II{{AFX_MSG_MAP(CAboutDIg)
IPYAFX_MSG_MAP
END_MESSAGE_MAP()



void CDSPApp::OnAppAbout()

{
CAboutDIg aboutDlg;
aboutDIlg.DoModal();
¥
DSPView.cpp

I DSPView.cpp : implementation of the CDSPView class
I

#include "stdafx.h"

#include "DSP.h"

#include "DSPDoc.h"

#include "DSPView.h"

#include "MainFrm.h"

#include <math.h>

#include "fstream.h"

#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = _ FILE__;
#endif

T n§n |
/I CDSPView

IMPLEMENT_DYNCREATE(CDSPView, CView)

BEGIN_MESSAGE_MAP(CDSPView, CView)
II{{AFX_MSG_MAP(CDSPView)
ON_BN_CLICKED(IDC_BUTTON_OK, OnButtonOKk)
ON_EN_CHANGE(IDC_EDIT_SCALE, OnChangeEditScale)
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ON BN _CLICKED(IDC BUTTON_FILE, OnButtonFile)
INYAFX_MSG_MAP
// Standard printing commands
ON_COMMAND(ID_FILE_PRINT, CView::OnFilePrint)
ON_COMMAND(ID_FILE_PRINT_DIRECT, CView::OnFilePrint)
ON_COMMAND(ID_FILE_PRINT_PREVIEW,
CView::OnFilePrintPreview)
END_MESSAGE_MAP()

M |||

/I CDSPView construction/destruction

CDSPView::CDSPView()

{
// TODO: add construction code here
K=10;
xCenter=400;
yCenter=200;
}

CDSPView::~CDSPView()

{
k

BOOL CDSPView::PreCreateWindow(CREATESTRUCT& cs)

{
// TODO: Modify the Window class or styles here by modifying

Il the CREATESTRUCT cs

return CView::PreCreateWindow(cs);



U
// CDSPView drawing

void CDSPView::OnDraw(CDC* pDC)

{
CDSPDoc* pDoc = GetDocument();

ASSERT_VALID(pDoc);
/I TODO: add draw code for native data here

Osi();
/l Grafik(pDC);

T |||

BOOL CDSPView::OnPreparePrinting(CPrintinfo* pInfo)
{

// default preparation

return DoPreparePrinting(pInfo);

void CDSPView::0OnBeginPrinting(CDC* /*pDC*/, CPrintinfo* /*pInfo*/)

{
// TODO: add extra initialization before printing

void CDSPView::OnEndPrinting(CDC* /*pDC*/, CPrintInfo* /*pInfo*/)
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// TODO: add cleanup after printing

T L |||
// CDSPView diagnostics

#ifdef DEBUG

void CDSPView::AssertValid() const

{
CView::AssertValid();
¥
void CDSPView::Dump(CDumpContext& dc) const
{
CView::Dump(dc);
¥

CDSPDoc* CDSPView::GetDocument()

{
ASSERT(m_pDocument->IsKindOf(RUNTIME_CLASS(CDSPDaoc)));

return (CDSPDoc*)m_pDocument;

}
#endif //_ DEBUG

Ul
void CDSPView::Osi()

{

/*

CClientDC Fon(this);
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CBrush* brush;
brush=new CBrush(RGB(0,0,0));
Fon.SelectObject(brush);

Fon.Rectangle(-100,-100,2000,2000);

CPen penl(PS_SOLID,1,RGB(0,100,0));
pDC->SelectObject(&penl);

for (int i=xCenter; i>=0; i-=K)
{
pDC->MoveTo(i,0);
pDC->LineTo(i,2*yCenter);
by
for (i=xCenter; i<=2*xCenter; i+=K)
{
pDC->MoveTo(i,0);
pDC->LineTo(i,2*yCenter);

by
for (i=yCenter; i>=0; i-=K)
{
pDC->MoveTo(0,i);
pDC->LineTo(2*xCenter,i);
¥

for (i=yCenter; i<=2*yCenter; i+=K)

{
pDC->MoveTo(0,i);



pDC->LineTo(2*xCenter,i);

CPen pen(PS_SOLID,1,RGB(128,128,128));
pDC->SelectObject(&pen);

pDC->MoveTo(xCenter,0);
pDC->LineTo(xCenter,2*yCenter);

pDC->MoveTo(0,yCenter);
pDC->LineTo(2*xCenter,yCenter);

CClientDC hPoint(this);

CBrush* brush;
brush=new CBrush(RGB(0,0,0));
hPoint.SelectObject(brush);

hPoint.Rectangle(-100,-100,2000,2000);

CPen pen1(PS_SOLID,1,RGB(0,100,0));
hPoint.SelectObject(&penl);

for (int i=xCenter; i>=0; i-=K)

{
hPoint.MoveTo(i,0);
hPoint.LineTo(i,3*yCenter);

by

for (i=xCenter; i<=3*xCenter; i+=K)

{

90



hPoint.MoveTo(i,0);
hPoint.LineTo(i,3*yCenter);

¥
for (i=yCenter; i>=0; i-=K)
{
hPoint.MoveTo(0,i);
hPoint.LineTo(3*xCenter,i);
}
for (i=yCenter; i<=3*yCenter; i+=K)
{
hPoint.MoveTo(0,1);
hPoint.LineTo(3*xCenter,i);
¥

CPen pen(PS_SOLID,1,RGB(128,128,128));
hPoint.SelectObject(&pen);
hPoint.MoveTo(xCenter,0);
hPoint.LineTo(xCenter,3*yCenter);
hPoint.MoveTo(0,yCenter);
hPoint.LineTo(3*xCenter,yCenter);

¥
double CDSPView::y(double t)

{
CClientDC hPoint(this);

CString Numbers ("1234567890");
//double y,t=-xCenter/K;

double a,b,c;

CString Slag[10], Mnoj[10][10];
int L=Str.GetLength(), pl, um, sk;

91



92
char kx[5];

double A=0, B=0, C, D;

If (Str.GetLength()<=2)
{
if (Str.GetAt(Str.GetLength()-1)=="t") A=t;
if (Numbers.Find(Str.GetAt(Str.GetLength()-1))>=0)
A=atoi((CString)Str.GetAt(Str.GetLength()-1));
if (Str.GetAt(0)=="") A=-A;

If (Str.GetLength()==3)
{
It (Str.GetAt(0)=="t") a=t;
If (Numbers.Find(Str.GetAt(0))>=0) a=atoi((CString)Str.GetAt(0));
if (Str.GetAt(2)=="t") b=t;
If (Numbers.Find(Str.GetAt(2))>=0) b=atoi((CString)Str.GetAt(2));
if (Str.GetAt(1)=="*") A=a*b;
it (Str.GetAt(1)==""") A=alb;
if (Str.GetAt(1)=="+") A=a+tb;
if (Str.GetAt(1)=="-") A=a-b;
by
It (Str.GetLength()>3)
{
pl=Str.Find('+");
Il hPoint. TextOut(10,30,itoa(pl,kx,10));
if (pI>0)
{
Slag[0]=Str.Left(pl);
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// hPoint. TextOut(10,50,Slag[0]);

Slag[1]=Str.Right(L-pl-1);

/ hPoint. TextOut(10,70,Slag[1]);
by
else
{
Slag[0]=Str;
Slag[1]=Str;
¥

um=Slag[0].Find(**");
sk=Slag[0].Find('(");

I if ((um<0)||(um>sk))
I {
C=1;
if ((Um>0)&&(um<sk))

Mnoj[0][0]=Slag[0].Right(Slag[0].GetLength()-um-1);
else Mnoj[0][0]=Slag[0];

if (Mnoj[0][0].Find('sin")>0)[|(Mnoj[0][0].Find('cos')>0))

{
Il hPoint. TextOut(10,50,Mnoj[0][0]);
if (Mnoj[0][0].GetLength()-5<=2)
{
if
(Mnoj[0][0].GetAt(Mnoj[0][0].GetLength()-2)=="t") A=t;
if

(Numbers.Find(Mnoj[0][0].GetAt(Mnoj[0][0].GetLength()-2))>=0)
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A=atoi((CString)Mnoj[0][0]. GetAt(Mnoj[0][0]. GetLength()-2));
/1if (Mnoj[0][0].GetAt(0)=="-") A=-A;
¥
iIf (Mnoj[0][0].GetLength()-5==3)
{
if (Mnoj[0][0].GetAt(4)=="t") a=t;
if (Numbers.Find(Mnoj[0][0].GetAt(4))>=0)
a=atoi((CString)Mnoj[0][0].GetAt(4));
if (Mnoj[0][0].GetAt(6)=="t") b=t;
iIf (Numbers.Find(Mnoj[0][0].GetAt(6))>=0)
b=atoi((CString)Mnoj[0][0].GetAt(6));
if (Mnoj[0][0].GetAt(5)==""") A=a*b;
if (Mnoj[0][0].GetAt(5)=="") A=a/b;
iIf (Mnoj[0][0].GetAt(5)=="+") A=a+b;
if (Mnoj[0][0].GetAt(5)=="-") A=a-b;
b
if (Mnoj[0][0].Find('sin")>0) A=sin(A);
iIf (Mnoj[0][0].Find('cos")>0) A=cos(A);
¥
If ((um>0)&&(um<sk))
{
Mnoj[0][1]=Slag[0].Left(um);
if (Mnoj[0][1].GetAt(Mnoj[0][1].GetLength()-1)=="t")
C=t;
if
(Numbers.Find(Mnoj[0][1].GetAt(Mnoj[0][1]. GetLength()-1))>=0)
C=atoi((CString)Mnoj[0][1]. GetAt(Mnoj[0][1]. GetLength()-1));
by
A=C*A;
//IMnoj[0][1]="1";
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Il }
um=Slag[1].Find(**");
sk=Slag[1].Find('();

// If ((um<O0)||(um>sk))
// {
D=1;
if ((Um>0)&&(um<sk))

Mnoj[1][0]=Slag[1].Right(Slag[1].GetLength()-um-1);
else Mnoj[1][0]=Slag[1];

if (Mnoj[L][0].Find('sin’)>0)[|(Mnoj[1][0].Find('cos')>0))

{
if (Mnoj[1][0].GetLength()-5<=2)
{
if
(Mnoj[1][0].GetAt(Mnoj[1][0].GetLength()-2)=="t") B=t;
if

(Numbers.Find(Mnoj[1][0].GetAt(Mnoj[1][0].GetLength()-2))>=0)
B=atoi((CString)Mnoj[1][0].GetAt(Mnoj[1][0].GetLength()-2));
I if (Mnoj[1][0].GetAt(0)=="-") B=-B;
¥
if (Mnoj[1][0].GetLength()-5==3)
{
If (Mnoj[1][0].GetAt(4)=="t") a=t;
If (Numbers.Find(Mnoj[1][0].GetAt(4))>=0)
a=atoi((CString)Mnoj[1][0].GetAt(4));
if (Mnoj[1][0].GetAt(6)=="t") b=t;
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if (Numbers.Find(Mnoj[1][0].GetAt(6))>=0)
b=atoi((CString)Mnoj[1][0].GetAt(6));
if (Mnoj[1][0].GetAt(5)=="*") B=a*b;
if (Mnoj[1][0].GetAt(5)==""") B=a/b;
iIf (Mnoj[1][0].GetAt(5)=="+") B=a+b;
if (Mnoj[1][0].GetAt(5)=="-") B=a-b;

If (Mnoj[1][0].Find('sin")>0) B=sin(B);
if (Mnoj[1][0].Find(‘cos’)>0) B=cos(B);
//B=cos(B);

if (um>0)&&(um<sk))
{
Mnoj[1][1]=Slag[1].Left(um);
if  (Mnoj[1][1].GetAt(Mnoj[1][1].GetLength()-1)==")
D=t;
if
(Numbers.Find(Mnoj[1][1].GetAt(Mnoj[1][1].GetLength()-1))>=0)
D=atoi((CString)Mnoj[1][1]. GetAt(Mnoj[1][1].GetLength()-1));

b
B=D*B;
I }
Il y=A+B;
I }
if (pl<0) B=0;
by

double function=A+B;



}
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return function;

void CDSPView::Grafik(CDC *pDC)

{

}

CClientDC hPoint(this);
CPen pen(PS_SOLID,1,RGB(255,0,0));
hPoint.SelectObject(&pen);
double t=-xCenter/K;
while (t<=xCenter/K)
{
hPoint.MoveTo(xCenter+t*K, yCenter-y(t)*K);
t=t+1/K;
hPoint.LineTo(xCenter+t*K, yCenter-y(t)*K);
by

void CDSPView::0OnButtonOk()

{
I

I

CDC *pDC (this);

Osi(pDC);
/[ TODO: Add your control notification handler code here
Osi();
CClientDC hPoint(this);
CEdit *pEditFunction = (CEdit*) ((CMainFrame*)(AfxGetApp()-

>m_pMainWnd))->m_wBar.GetDlgltem(IDC_EDIT_FUNCTION);

I
I
I

pEditFunction->GetWindow Text(Str);
hPoint. TextOut(10,10,Str);

double x;

function=sin(x);

I CClientDC hPoint(this);
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CPen pen(PS_SOLID,1,RGB(255,0,0));
hPoint.SelectObject(&pen);
double t=-xCenter/K;
while (t<=xCenter/K)

{
hPoint.MoveTo(xCenter+t*K, yCenter-y(t)*K);
t=t+1/K;
hPoint.LineTo(xCenter+t*K, yCenter-y(t)*K);
by
¥
void CDSPView::0OnChangeEditScale()
{
// TODO: If this is a RICHEDIT control, the control will not
Il send this notification unless you override the CView::OnlInitDialog()
I function and call CRichEditCtrl().SetEventMask()
I/ with the ENM_CHANGE flag ORed into the mask.
CClientDC hPoint(this);
CEdit  *pEditScale =  (CEdit*) ((CMainFrame*)(AfxGetApp()-
>m_pMainWnd))->m_wBar.GetDlgltem(IDC_EDIT_SCALE);
CString scl;

/l pEditScale->SetWindowText(*'10");
pEditScale->GetWindowText(scl);
//hPoint. TextOut(10,10,scl);
K=atoi(scl);

void CDSPView::OnButtonFile()
{
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CClientDC hPoint(this);

CEdit  *pEditCount =  (CEdit*) ((CMainFrame*)(AfxGetApp()-
>m_pMainWnd))->m_wBar.GetDlgltem(IDC_EDIT_COUNT);

CString count;
Il pEditCount->SetWindowText("64");

pEditCount->GetWindow Text(count);

//hPoint. TextOut(10,10,scl);

int N;

N=atoi(count);

CString filename="Function"+count+".txt";

ofstream file(filename,ios::out);

for (int t=0; t<N; t++)
{

file<<y(t)<<","<<endl;
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