[I1am nexknunm

*JIH(opMallMOHHBIE HCTOYHUKH
*/IcTopuueckas cpaBka

[Ipenmer Kypca 1 OCHOBHBIE Pa3aeibl
[HOC

e AnraparHas U IporpaMMHas peain3anus
aJITOPUTMOB

[Hudposast 00pabOTKa CUTHAITOB: JTEKIIIT 1



NMuadopMallMOHHBIE HCTOYHUKA

B.B. KprokoB. LludpoBas 00padoTka curHaioB. KOHCIEKT IEKLMH.
Bnan. BI'YOC. 1998.

KptokoB B:B., IlIupodokora K.M. YuebHoe 1mocodue K 1adoparopHOMY
MPAKTUKYMY 1O aucuurunie.- Biman., JIBI'TH, 19935.

JI. Pabunep, b. I'oyna. Teopus u npuMeHnenue mudpoBoit 00padboTKu
curHanos: Ilep. ¢ anmmuickoro - M.: Mup, 1978.

C.JI.Mapmi-mi. [TudpoBoii CrieKTpalibHBIN aHAMM3 U €r0 NPUII0KEHUS:
ITep. ¢ anmmickoro - M.: Mup, 1990.

Y.M. Cubeprt. Llenu, curaansl, cuctemsl: IlepeBoa ¢ aHrmuiickoro - M.:
Mup, 1988 1. C.252.

Jleknun mo DSP (Digital Signal Processing), yauBepcuter Kapueru,
kadeapa KOMITBIOTEPHOM TEXHUKHU.
http://www.ece.cmu.edu/~ee791/

Jlekiiun mo COopy aaHHbIX, CHeKkTpajJbHOMY aHaau3y, GuibTpaM Hu
buibTpanuu: «HaydHoe M TEXHMYECKOE PYKOBOJCTBO MO 00OpabOTKE
curganos» http://www.dspguide.com

Kypc «BBenenune B DSP». http://bores.com/courses/intro
Kypc B ABante — http://avanta.vvsu.ru
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Hctopruueckas copaska

40-¢ ronpl: ucciaenoBanue corpynHukamu ¢upmbel Bell Telephone
BO3MOXXHOCTH HCHOJIb30BAHUS IUQPPOBBIX JIEMEHTOB ISl CO3JAHUS
(GUWIBTPOB

« 50-e roasl: B MaccayyceTCKOM TEXHOJOIHYeCKOM HHCTUTYTEe ObLIH
MCCIICIOBAHBI IPUHITUIIBI JUCKPETHU3AMH KOJICOAHNH 1 BO3HUKAIOIINE
npu d3ToM d(PdexTrl, a TakK K€ BOHPOCH MPUMEHCHHUS B
PaIUOdJICKTPOHUKE  MATEMAaTHYCCKOro  ammapara Teopuu  Z-
peoOpa3oBaHU

. Kaitzep (bupma Bell) mokazan, Kak MOXXKHO pacCUMTHIBATh IIM(POBHIE
(UABTPEI C HYXHBIMH XapaKTEPUCTHKaMU, HCIOJb3Yysd OWJIMHEHHOE
peoO0pa3oBaHUE

« 60-e¢ rompl: Hayama (GOPMHUPOBATHCI TEOpUS HUPPOBOKM 00PaOOTKHU
curHanos (11OC)

« 1965 1. - onybonukoBaHa ctarbsi Kynu u Thioku 0 OBICTPOM METOJIE
BBIYMCIICHUS JUCKPETHOro mpeoopazoBanusi Oypbe, AaBiasi MOIIHBIN
TOJTYOK PA3BUTHIO 3TOT0 HOBOTO TEXHWUYECKOIO HAIPaBJICHUS -
HUQPOBON CIEKTPAJIBHBIN AHAJIN3
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Hctopruueckas copaska

«  70-e roapl: OIIEHECHBI OTCHIIMAIBHBIC BO3MOKHOCTA MHTErPaIbHBIX
MHKPOCXEM, YTLO* IIO3BOJWJIO MPEACTABUTH IOJHYI CHUCTEMY
00pabOTKW~" CUTHANOB, I KOTOPOM HaWydllas TEXHUIECKas
peanu3anus Obl1a Obl UMEHHO IIU(PPOBOU

. CoBpemeHHass TeHuaeHus  passutus  [[OC - ycuineHuem
B3aMMOACHUCTBUS HECKOJBKUX OOJIaCTeM: aHaau3a CHUTHAJIOB, TEOPUH
CUCTEM, CTATUCTUUECKUX METOJI0B M/BBIUMCIUTEIbHON MaTEeMaTHUKH.

| PeBoJiloniusi B TE€XHOJOTHM CBEPXO00JbIINX MHTErPAJbHBIX CXEM
(CBUC)  cmnocoOcTBOBaja  CIUAHUIO  oOnacTel  pa3paboTKu
UHTETPAJIbHBIX CXEM JJI1 BBIYMCIUTEIbHOM TEXHUKHM W 00pabOTKU
CUTHAJIOB

- B nauyane 80-x rogoB ¢upmamu Texas Instruments, IBM, Analog
Devices, Motorola, AT&T Obun Beimymensl CBUC (ux cramm
Ha3bIBaTh HM(POBLIE nMpoueccopbl curHagaoB — DSP, Digital Signal
Processing) co crenuajbHOM apXUTEKTYpOl M HAOOpPOM KOMaHZ s
MIOCTPOCHUS CUCTEM [IUPPOBON 00OPAOOTKH CUTHAJIOB
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IIpenqmer Kypca

Tunopast 010k-cxema ycrpoiictBa LIOC

A Typical DSP System

Analog input Analog output

- Anti-alias filters Reconstruction -
Sample and hold Filters
Analog to Digital to
Digital converters Analog converters

b Digital Signal Processor J
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IIpenqmer Kypca

. OcHoBHble upeumynrectsa cucrem IOC no cpaBHeHHIO C
TPAAUIIMOHHBIMU-AHAIOTOBBIMU YCTPOHMCTBAMM:

¢/  TOYHOCTh OO0paGOTKM U TOBTOPSIEMOCTh IMapamMeTpoB/ TIpHU
TAPAKUPOBAHNM;

¢/ CTaOUJIBHOCTh XapPaKTEPUCTUK U BHICOKAS IIOMEXOYCTOMUYMBOCTD;
¢/ IpoCTOTa MOJAU(UKAIIMHN aJITOPUTMOB 00pabOTKHU;

¢/ crnabas 3aBUCMMOCTh IICHBI allflapaTHOM 4YacTU OT CIIOKHOCTH
anropuTMa 0opadOTKH;

¢/ IpoCTOTa OOCTYKMBAHUS U HACTPONKHU.
« Henocrarku cucrem IHOC:
v/ OrpaHUYCHHBIM YaCTOTHBIM AMANa30H 00padaThIBAEMbIX CUTHAJIOB;

¢/ OrpaHUYCHHBIM JWHAMHUYECKHI [auamna3oH (C IOsSBICHHEM 32-X
Pa3psAAHBIX YCTPOMUCTB ATOT HEJIOCTATOK MIPEOJIOJICH);

v/ Hajm4ue IIYMOB KBAHTOBAHU:I.
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IIpenqmer Kypca

. Onpeneaenne. Iudpoas o00padOTKa CUTHAJIOB -
OT/ICIbHAS 00J1aCTh 3HAHUM, KOTOPAsl OMUCHIBACT METOMBI
coopa W 00padOTKM LMMPPOBBIX. CHUTHAJIOB, a/ TaKXKe
CITOCOOBI OCTPOCHUS HPOLICCCOPHBIX CHUCTEM,

IpeIHa3HAYCHHBIX JIJIs1 00pa0OTKH U(POBBIX CUTHAJIOB.

¢« C npakruyeckoin Touku 3penus IHHOC - 510 omHa u3
HanOoJee  MOIIHBIX TEXHOJOTHMW, KOTOpas  Oymer
ONpeJeNIsATh METOJBI cOOpa M 00pabOTKH WMH(POpPMAIIUM, a

3HAYUT PA3BUTHUE DJIEKTPOHHOM TEXHUKHU B 21 BEke.
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Hanpasnenus paszputus [[OC

pa3BUTHE S(PPEKTUBHBIX AJFOPUTMOB OOpaOOTKM C IIEJIbIO YMEHBHICHUS
BpemMeHH BbINoJHEHMS onepanuii [{OC, moBbIIIEHNS TOYHOCTH PE3YIBTATOB,

YIIY4IIEHUS Ka4€CTBEHHBIX XapakTepuctuk cuctem 1HOC;

* Pa3BHUTHC OIICPAIUMOHHBIX|, CpPCA, B TOM /A YHCJIC OIICPAIIMOHHBLIX CHCTCM

pPC€aJIbHOI'0O BPEMCHU, JJIsI PCIICHUA IIPUKIIATHBIX 3a/1a4,

- BHefipenue MetonoB [[OC B wu3menmss MaccoBOro cmpoca (MOOHIIbHAs
TeiaeoHMs, 3BYKOBas M BHJCO 3allMCh/BOCIPOU3BEACHHE, TEICBU3MOHHAS

TEXHUKA);

« cozaanue yHuBepcaiabHbIX [IOC mporeccopoB ¢ 1EIbI0 BHEAPECHUS METOA0B
[HOC B KOMMepUYeCKHE MPUIOKEHUS (TEICKOMMYHHUKALMA, 00pabOTKa peyu,

N300paKCHUM, CHKaTUE JAHHBIX, MYJIbTUMEANA, MEUIIMHA).
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OcHoBHbIC pazaeisl [HOC

AuckpeTHoe Teopusa AUCKPETHbIX BbluncnurenbHas
npeobpa3oBaHue Pypbe FINHEeNHbIX CUCTEM MaTemMaTumka
Wavelet - aHanus
——
LUudpoBas CnekTpanbHbIN CraTucrtunyeckmmn
dunsTpaums aHanus aHanus OueHka napameTpos
l l CUrHanos
CuHTe3 ounsTpoB Pa3paboTka NMpenBapuTenbHbIN
anropuMTtmoB aHanu3 AaHHbIX
l l KoppensaunoHHbIn
Peanusauus Peanusauuna
¢uneTpoB anropuMtmMoB

aHanus
BbiaeneHue n
oOHapy>XeHue curHanoB

NPUNOXEHUA:
- o6paboTka nsodpaxeHumn
- TeNeKOMMYHUKaLuum
- UccrnepoBaHue peyn
- paguo/rngponokauus
- MeguuMHa
- CUCTEMbI peanibHOro BpeMeHu
- HaBUrauus

—=
e

- MynbTUMeauna
- CUCTEeMbI YNpaBrieHUs U KOHTPOnA

- MOOUnbHana TenecgoHuns

- 3anNUcb 1 BocnpounsBeaeHue 3ByKOBbIX U BUAEO AaHHbIX
- My3blKanbHble UHCTPYMEHTbI
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AmnmaparHas ¥ OporpaMMHasi peajnu3alus

Oco0enHocTu annaparnou peanusanuu I[Y
e aBTOHOMHOCTH I1¥Y;
- 1Ieseco00pa3Ha mpu 00JIBIIIOM KOJUYECTBE U3ICIIHII;

* IIPOU3BOAUTCIIBHOCTHL IOTCHIOMAJIBHO  BbIIIC, 4YCM IIpHU IIPpOr paMMHOﬁ

peaan3anuu;
e TIPOOJIEMBI C KOHEUYHOU pa3psAHOCTHIO ONEPAIIMOHHBIX YCTPONCTB.

Oco0eHHOCTH MNPOrpaMMHON peaju3anuM Ha 0a3e YHHBEPCAJbHBIX

KoMIbOTEepPOB U DSP:
« THOKOCTBH CUCTEM;

- 3amaun [[OC pemarorcsi KOMIUIEKCHO (00pabOTKa, XpaHEHHUE PpE3yJIbTAaTOB,

rpad)UUYEeCKUid aHAJN3);

« HET NpoOJIEM C pa3psIAHOCTHIO ONEPALIMOHHBIX YCTPONCTB
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Otanbl noctpoeHusa cucreMm 1HOC

3apava
(TexHn4yeckas)

MeToa peweHus

Anroputm uucpoBom
o6paboTku

AnnapaTHbIn
cnocob

MporpamMMHbIN cnoco6

Bnok-cxema
nporpammbi

PyHKUMOHanNbHas
cxema LY

TekcT
nporpamMmmsl

NcnonHuMbIN P
MoayIb e3ynbraTthbl

MpuHUuMnNuManbHasn
cxema LY

B onrvan Lpposos

yCTPOUCTBO

Bx.
AaHHble
Bbix.
curHan
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BBoaHBIE CBEICHUS 10 KOMITJIEKCHOM apu()METHUKE

KBanparHeiii KOpeHb OT -4 TIPUHITO 0003HAYaTh CUMBOJIOM J, T.€.

«  KOMIIIEKCHOE HHICII0 ¢ MOXKET OBITh 3alIMCAHO B BUJIC

c=a+jb, e a u b - BelectBEeHHAas: U MHAMAas YaCTH YUCJIIA C

Re [c] = BellecTBeHHada YacTb OT C = a

Im [c] ¥ MHMUMas YyacTb OT C = Db

- Eemu a, b, g h ABIAIOTCA BEHIECTBEHHBIMU YHCIAaMU, TO CJIOXEHUE,

YMHOXKE€HHE U JCJICHNE KOMIUIEKCHBIX Yncel (a + jb) u (g + jh) BeIOIHSIETCS

0 CIeayHIuM GopMyiaM
+ (@+jb)+(g+jh)=
+ (@a+jb)x(g+jh)=
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BBoaHBIE CBEICHUS 10 KOMITJIEKCHOM apu()METHUKE

Onepauma KOMMEKCHOIO CONPS’KEHUSA U NPOM3BELEHME KOMIMNEKCHOMO YMucna Ha
KOMMJIEKCHO CONpsikeHHoe onpenensatTcs

c* = Re[c] - jim[c]

cc* = (a +jb)(a - jb) = a® + b?

KomnnekcHoe uucno (a +\jb) MoOXeT ObiTb NpeactaBfneHo B MNOMAAPHbIX
KoopAnHaTax ru 0

Z, = €Xp J¢2) c=atj =lcct= aitb?

_ : | b
Z) _rle(Xp(]¢1) e/ =exp/j)=co x+tsix
_ <ol i(¢. + (4 x_ 8 no\ _
z—hnc p(](¢1 ¢2)) 7 =4 Bl y — O r c.z+]b, 9. arctan(b a)
¢ - * a ¥ jb=rexp(;9)
(ZI+Z2) =z tz, T e s
_ MCEOV s
z§ = z . —
\ 27z T2 =" =" exp j#,4,)
— Zy r,
z Z y ( .
S\ _— - argz = ~argz
(Z) R4 (21/22) =z /z, zTz =2x

[HudpoBas 06paboTKa CUrHAJIOB: JEKIIK |



