BBenenne

B coBpeMeHHBIX paJMOTEXHUYECKUX CHUCTEMAaX BBIJIETSAIOT JIBa Kiacca
CHCTEM — 3TO aHAJIOTOBBIE U IIU(PPOBBIE.

B aHanoroBbIX paMOTEXHUYECKUX CHCTEMax MPOIECCHl TPUEMa, CBI3U U
nepeadyd OCHOBaHbl HAa aHAJIOTOBBIX CHUTHAJaX, HalpUMEpP, B TEJIEBU3MOHHOM
BCII[aHUH, PaIMOBEIAHUH, TeJIe(POHNUMN.

B mumdpoBbix cucTtemMax MOpPOIECChl  OCHOBAaHbI Ha  IU(POBBIX
(mTMCKpeTHBIX)  cuTHamax. llpumepamMm  TakMxX  TPOIECCOB  SIBISIOTCA
COBpPEMEHHBIC 00BEKTHI CBsI3H, UG poBas Teneonus, muPpoBoe TeIeBeIaHne.

Curnansl MOTYT OBITH 00pabOTaHbl C UCIIOJIB30BAHUEM aHAJIOTOBBIX
METOJIOB (aHAJIOTOBOM 00pabOTKM curHanoB, win ASP), mudpoBeix MeTOm0B
(mudpoBoit 00paboTKu curHajaoB, uiu DSP) wim koMOMHAIIMK aHAJOTOBBIX W
uPpoBBIX  MeTO/MOB  (KOMOMHMpPOBAaHHOM  0OpaOOTKM  CHTHAJIOB, WM
MSP).BeiOOop MeETOJOB OCYIIECTBIISICTCSB 3aBUCUMOCTH OT ITOCTABIICHHOM
3aJlaymu.

UYro kacaercas DSP, To rmaBHOe OT/IMYME €ro OT TPAJAUIMOHHOTO
KOMITBIOTEPHOTO aHaju3a JaHHBIX 3aKJII0YaeTCsl B BBICOKOHW CKOPOCTH U
3¢ (HEKTUBHOCTH BBITIOJIHEHUSI CIIOKHBIX (PYHKIHI 1TudpoBOit 00pabOTKH, TAKUX
KaK (puiIbTpanusi, aHalau3 ¢ UCMOJIb30BAHUEM ObICTpPOro npeodpazoBanusi Oypbe
(BI1®) u cxxatue MaHHBIX B pealbHOM MaciiTade BpeMEHHU.

CucTteMakoOMOMHUPOBAHHON 00PaOOTKUMOXKET ObITh peain30BaHa B BUJIEC
MeYaTHBIX IUIaT, THOpUIHBIX HHTerpaidbHbIX cxem (MC) wim oTaenpHBIX
KpPUCTAJZIOB ¢  HUHTerpupoBaHHbIMU  sneMeHTamu. ALl wu  HAII
paccMaTpUBAIOTCSl KaK yCTPOWCTBA KOMOWHHMPOBAHHOW OOpabOOTKM CHUTHAJIOB,
100 TTPOCTO HA OJTHOM KPHUCTAILIE.

DSPrio3BossieT BBIMOMHATH ONEpaIllid B PEKUME PEaylbHOro Maciitadba

BPEMEHHU.



1. Mpumenenune DSP mukponpoueccopon

DSP mukpomnporeccopbl HUCHONB3YIOTCS B MOAEMax yAAJICHHOTO
noctyna (RAS), 1HMQpoBBIX COTOBBIX TenepoHAX, TPU  YIPABICHUH
ANIEKTPOABHUraTEeNIIMH, B KOJEKaX M IMpoleccopax oOpaOOTKH CHUTHAIOB

I'OJIOCOBBIX ITPHUIIOKCHUAX.

A. Hughposvie comosvie bazosvie cmanyuu

CotoBbie  TenepoHHbIle 0a30Bble CTaHIMH  (HOPMUPYIOT  OCHOBY
COBpEMEHHOW OecpoBOIHON COTOBOM HHGPPACTPYKTYpPHI, KPOME TOTO, OHHU
JOJKHBI yIOBJIETBOPSTh HECKOJIBKMM CTaHJApTaM OJHOBPEMEHHO, HaIllpuUMep
AMPS u CDMA.

['nbkocTh, BbICOKAsk MPOU3BOIUTEIBHOCTh U HU3Kasi CTOMMOCTh KaHasa
SBIISIIOTCS OCHOBHBIMU TpPE€OOBaHMSIMM K COBPEMEHHBIM Oa30BbIM CTAHLIUSM.
MakcumainbHoe HCIIOJIb30BaHUE DSPMuxponpomeccopoBs
npueMonepesaTunKax Io3BOJsIeT oOpadaThiBaTh HECKOJBKO CTaHAApTOB 0Oe€3
HEOOXOJMMOCTH 3aMEHBbl amnmapaTHBIX cpeAcTB. Ha mpumepe mudpoBoro
IPUEMHHUKA: Y3KOIMOJOCHBIN MU IIUPOKONOJAOCHBIM(ynp. CTp. cxemMa KOTOporo
nokazaHa Ha pucyHke 1.1)DSPMuKponponeccopoB MCHOIB3YIOTCS IS
ynpasiaeHus ALl IIAIInns peanuzanuu anroputmos LHOC.

b. Mnozoxananvnas unmepnem menegonus (ADSL)

ADSL mpexacraBmsier co00l HOBYIO TEXHOJIOTHIO BBICOKOCKOPOCTHOM
M(POBOI KOMMYTAIIMU U MapIIpyTH3aLUU U 00pabOTKK curHanoB.00acTu ux
IPUMEHEHHUS JUIsl TOCTPOEHUS, BBICOKOCKOPOCTHBIX CHCTEM IE€pelayll JaHHBIX,
SBIISIIOTCS OJTHUMU U3 CAaMBIX OBICTPOpPa3BUBAIOIIUXCAPUCYHKE 1.2.

ADSL wmoxer mepenaBaTh JaHHBIE TIO OOBIYHBIM TEIC(HOHHBIM JTUHUAM
noutu B 200 pa3 OwicTpee, ueM camble COBpEMEHHbIE MOJeMbl, U B 90 pa3

owicTpee, yeM cuctemsbl ISDN.
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Pucynok 1.1- Y3komnosiocHbIE U HIMPOKOTOJIOCHBIE ITU(pOBHIE

MPUEMHUKH JIJIs1 0a30BBIX PaJHMOCTaHLIUN
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Pucynok 1.2 CtpykTypHas cxema Mojema

KilrouoM K MOBBIIIEHUIO CKOPOCTH MEpPENayd JAHHBIX IO CTaHIAPTY
ADSL sBisieTcst UCIOJIb30BAaHUE YCOBEPIIEHCTBOBAHHBIX aHAJIIOIOBBIX PEIICHUN
U CIOXHBIX aJITOPUTMOB ULU(POBOMl 00paOOTKM CHUTHAJOB IO3BOJIUIIO

peasin30BaTh AaHHBIH npoiiecc ¢ noMoiibio DSPMuKkponponeccopos.



Takum o00Opa3om, akTyalbHOCTh HCHOJb30BaHusi DSP mpoueccopoB B
MOBCEIHEBHON KM3HW He ocnopuma. /Jlns Oomee ymoOHOW peanu3anuu
pasnuyHbBIX TpoekTtoB Ha DSP  mpomeccopax wucmonb3yeTcs  OoJbIioe
KOJIMYECTBO TPOTpaMMHBIX oOecrieueHnil. CaMbIMU pacTpOCTPaHCHHBIMU W3
koTopeix siBistrorcst C++, VisualDSP,MPLAB. Kaxmas U3 HUX HMEET CBOH
OCOOCHHOCTH: yIOOCTBO HCHOJB30BAaHUS B TOM WJIM HWHOM ciyd4ae. Tak ais
yno6cTBa (OPMUPOBAHUS CHTHAJIOB TPEJiaracTcsi UCIOIb30BaTh MPOrPaMMHOE

ooecnieuenune dsPICWorks.



2. IIporpammHoe o0ecrevyenne NI 00padoTKu
curnajaoBdsPICWorks

WuterpupoBannas cpena nporpammupoBanus dsPICWorks — ynoGubrit
MaKeT aHaJM3a CUTHAJIOB JIJII ONepalioHHbIX cucTeM MicrosoftWindows 9X,
NT, 2000 u XP, xotopsiinpeaHasHadyeH s (OPMHUPOBAHMS CHUTHAJIOB
pa3nuuHOil (OpMBI C pa3IMYHBIMH TapaMeTpaMH U YIPOCTHTH paboTy C
DSPmukponponeccopamu. dSPICWorks  momiepkuBaeT — CICAYIONINE
byHKITIH:

* OOmupHBIA HAOOp TEHEPUPYEMBIX  CHUTHAJOB,  BKIOYas
CUHYCOMIaJIbHBIN, PSIMOYTOJIbHBIE U TPEYTOJIbHBIE UMITYJIbChI, CTYIIEHYATas
U JenbTa (DYHKIWH, SKCIOHEHIMAIbHBIX M IIyMOBBIX ¢yHKImi. Llym ¢
YKa3aHHBIM pacHpe/eICHHEM MOXET ObITh J100aBJIEH K JIOOOMY CHUTHAIYy.
[TosryueHHbIe CUTHANIBI MOTYT OBITh NPEACTaBICHBI KaK 32-pa3psaHble dncia
C IuIaBarouiell TOYKOW Wi 16-paspsiaHble ¢ (UKCUPOBAHHOMW TOYKOM JIJIst
Ar000H  YacTOThl  AMCKpeTHM3auuu. JlmuHa  reHepupyeMoro CurHajia
OrpaHWY€Ha TOJIBKO JOCTYIHBIM TMCKOBBIM MPOCTPaHCTBOM. CHUTHAIIBI MOTYT
OBITH UMITOPTUPOBAHBI UK IKCIIOPTUPOBATHCA B cpeay paspabotku MPLAB
u Matlab.

MHorokaHanbHble JaHHBIE MOTYT OBITh TIPEJACTABICHBI HaOOpPOM
dynxmi;

* ApudmMernyeckue omnepaudd M onepauud LUGpoBoid 00pabOTKH
curHasioBdsPICworks umeer mupokuit Habop yHKMil nudpoBoit 00padOTKU
CUTHAJIOB U apudmerndeckux ¢yHkuuid. CranmaptHeie (GyHKIUA HUGPOBOU
00paboTKu curHasioB — ObicTpoe npeodpazoBanue Pypoe (FFT) u auckperHoe
KocuHycHoe mpeobpazoBanne (DCT), omepammu CBEpTKHM U KOPPEISIIHH,
JeIMalys CUTHajia, mpeoOpa3oBaHUe YacTOThI TUCKPETU3AUHN, HHTEPIOJISALUS
u uudposas gunbrpanusa. Hudposas punbrpanus — BaxHas yactb dsPICworks.
3nech HCHONB3YIOTCS (PUIBTPHI, pa3paboTaHHBIE JOYEpPHEH MporpaMMol —
dsPICFilterDesign, KoTOpble NPUMEHSIIOTCA K CHHTE3UPOBAHHBIM  HIIU

uMIoptTupoBaHHbIM curHainam.dsPICworks, Takkerno3BoJII€TBBINONHITh TaKUE
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npeoOpa3oBaHus, KaK OTpaHWYCHUE, MAacCIITa0UPOBAaHUE U KBAHTOBAHHE
CUTHAJIOB, KOTOPbI€ BaXKHBbI B PEATbHOM NPAKTUYECKOM aHAIU3€ aJITOPUTMOB
1 (HpoBOHOOPAOOTKICUTHAIIOB,;

* BO3MOXXHOCTh OJHO-, JBYX- M TPEXMEPHOTO OTOOPAKEHMSI CUTHAJIOB.
3HaueHHE CUTHAJIOB MOTYT OBITh U3MEPEHBI C MOMOIIBI0 Kypcopa MbImu. B
OKHO OTOOpa)karoTcs TEKYyILIME KOOPAHMHATHI Kypcopa, a TakXKe U3MEHEHHS OT
npeapiayero mnojoxkenus. CrnekTpalibHass MOIIHOCTb CHUTHAajla MOXET OBITh
U3MEpEHa B OIpPEACIICHHOM Juana3oHe 4vacToT. MMeercs mnoaaep:Kka
OTOOpaX€HUsS MHOTOKAHAJbHBIX W MYJbTUILUICKCUPOBAHHBIX JaHHBIX. EcCTb
BO3MOXKHOCTh MaciuTabupoBanus wuzoOpaxkeHuil. Kpome TOro, cymiectByer
BO3MOXKHOCTh TMOKON HAcTpollkm wuHTep(eiica, B YACTHOCTU LIBETOB
OTOOpaKeHUs.

* Umnopt/DkcnopT nanubeix B hopmat, coBMectumbii ¢ IDE MPLAB u
accemOiiepom MPLAB ASM30, 4ro mMO3BOJIIET HMMIIOPTHUPOBATH BHEIIHUE
nanubie n3 ASCII win OuHapHBIX (QailioB U SKCOPTUPOBATH JaHHBIC B (haii.
dsPICworks mopnepxxuBaer Bce Qopmarthl ¢aiiioB auanora «Import/Export-
Table» B cpene MPLAB. DTo mo3BoyisieT BBOAWTH peajibHbIC JaHHBIC W3
MPLAB B dsPICworks nns mpoBenenusi anammuza. dsPICworks moxker taxxe
co3gath (aitel accembiepa ASM30, koTopble MOTYT OBITh BKJIIOYEHBI B
MPLAB.

Ocobennoctu

* bonbioe KOJIMYECTBO TEHEPUPYEMBIX CUTHAJIOB: CHHYC,
MPSIMOYTOJIbHUK, TPEYTOJIbHUK, OKOHHAs (DYHKIIHS, IIIYM;

* bonbemoe komuuectBo anroputmoB [[OC: BII®, JKII, ¢unsTtpoBanue,
omnepalusi CBepTKU, UHTEPIOJISIIUSA, U Op.;

* ApudmeTrndeckue byHKIIUN: areOpanyecKue BBIpaKEHUS,
MacmTabupoBaHue, OrpaHUYCHHE U T.1.;

* 1-, 2- u 3-MepHbIC TPaPUKH;

» KBaHTOBaHUE JIaHHBIX;

* OToOpakeHre MHOTOKaHAIbHBIX JIAaHHBIX;



* [Tognepxxka (aitioB cleHapusi, TO3BOJSIONIMX aBTOMAaTHU3UPOBATH
JICUCTBUS,

* Ummopt/3kcniopt (aiinos, coBmectumblii c MPLAB IDE;

* lludpoBas ¢unbTpanus ¢ MNOMOUIBIO (UIBTPOB, CO3/JaHHBIX B
dsPICDigitalFilterDesign;

* Co3nanue accemOnepHoro Qaitia ASM30 amst sKcnopTa MOJTy4eHHbBIX

naHHbIX HerocpeacTBeHHo B O3Y dsPIC30F.



3. Cpena oopadorku curnajoB dsPICWorks

3.1 3anmyck cpeabl MPOEKTHPOBAHHUS

3amyctute dSPICWorks moxuHo dyepe3 wmenwo mnporpamm (Ilyck ->
IMporpammbr  ->dsPICWorks-v2.1  ->dsPICWorks-v2.1.exe) wiu  uepes
MUKTOIpaMMy Ha paboyem CToJie.

[Tocne 3amycka oTOOpa3uTCs OCHOBHOE OKHO mporpammbl dSPICWorks

(pucyHok 3.1)

"M dsPiCworks = B

File View Edit Generator Operation DSP Display Utilities Window

Pucynok 3.1

Pabouwii cTo cpeapl COACPIKNUT:
1. PaGouyto 065acTh, B KOTOPOM pa3MeIaTcs OTKPhIThIE OKHA
¢ ¢aitnamu, AUaIOraMu WK APYroi nHopmanmen.
2. OxkHo LogWindows, B KOTOpOM OTOOpa)arTcs BCE JaHHBIC

O MpOoHCCCC KOMITMIIALIMN ITPOCKTA.



3.2. Onucanye MeHIO
3.2.1. Bkmagka File/®aiin cogepkut craHmapTHele  (aiiaoBbie
omepanud. B TOM dYuclle 3ammMCh/BOCIPOM3BEACHHUE IPOEKTa, BBO/BBIBOJ

JaHHBIX, I1I€YaTh, BBIXOO U HH(bOpMaHPI}I O IIporpamMme.

Start Record Script ... Jamicarh IpoeKT ...

Stop Record Script (CHTAHOENTE 3aITICh TIPO eKTa

Script Commands  » KOMAHTEI 3ATTFICH b mavea ..
Print ... Ileuar... coobureHue ...
Import File ... Breop gasHex TOMETER ...
Export File ... BEIEOT OJEHHBI SEKpBITE OEHA
Exit ... EBIZOT

About dsPICworks O dsPICworks

Pucynok 3.2.1

3.2.2 Briagka View/Bua coepKuT HHCTPYMEHTBI U CTPOKH COCTOSIHHS.

View Bum:
IT Toolbar ITHHCI‘IJ}MEHH:I
IT Status Bar |TETIJDKE{ COCTOAHIA

Pucynok 3.2.2

3.2.3 Bkuagnka Edit/PemaktupoBanme  comepxuT  (QYHKIIHH,
pEeIaKTHPYIOIINE BHIOPAHHBIC y4YacTKM CHTHAla, MO CPEJICTBAM BBIPE3aHMS,

KOIINPOBaHUA, BCTABKU U YAAJIICHUA.



(et

Undo Ctrl+Z
Cut Ctrl+x
Copy Ctrl+C
Paste Ctrl+V

Paste to Mew File
Delete Del

IP_enann{pnBarme
Bripesams Ctrl+X
Kommporate  Cirl+C
BrIaENT Ctrl+V

BcraenTe E HOEBET dafin

YoamrTs Del

Select All Ctrl+ 4

Ertbpate Bce  Chrl+ A

Pucynox 3.2.3

3.2.4Bxinanka Generator/I'enepupoBanue mnomoraer chopMHUpPOBATH

CUTHAJIbI CTAHAAPTHOI'O BHUAA.

Generator

Sinusoidal ...
Square ...

Triangular ...

Swept Sine ...

Unit Sample ...

Unit Step ...
Window Functions ...
Sinc Function ...
Ramp Function ...
Exp Function ...

Moise Function ...

Tenepupoearnie

Erapgpanirmsnt
TpeyTromeHBLI
OxEaueHHBELT CHEYC
ITpoctodl Mogyme

Hlar momyma
EVHKITHMOHATEHOE OKHO
$ymaama Sinc |,
$ymxanta Ramp

Pucynok 3.2.4

3.2.5 Bxkianka Operation/Onepanun COACPKUT MaTeMaTHYCCKUE

olepalyy BO BpEMEHHOM 00J1acTH cUrHaa,
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Operatior
Signal statistics
Arithmetic [
Reciprocal ...
Square ...
Sguare Root ...
Trigometric 3
Exponential ...
Flip ...
Shift ...
Join ..
Extract ...
Smaooth ..
Sample and held ...
Difference ...
Quantize Fixed point ...
Rescale and clip ...
Basell Leg...

Real to Whole number ...

Signal Filtering ...
LMS Filtering ...
Autocorrelation ...
Crosscorrelation ...
Convolution ...
Decimation ...

Interpolation ...

Discrete Cosine Transform ...

Fast Fourier Transform ...

Compose FFT from real and imag ...

LPC Analysis ...
LPC Coeff to 'fre' ...
Whitening FIR filter ...

BPEMEHHOM M 4aCTOTHOM 00J1acTel.

DSP Display Utilities Window

Onepawmpm

CramcTixa cirsana
!ﬁm JuddepeHIHATEHELE. ..

ObpanmocTs

Erappar |
KeappatHprl KopeHb

IECIIOHEHLIMAT
TpaHCcIoHHpOEATE
ObpemHeHNE
Hspeuerme
Crnasamearme
Obpasuesl ...

Pazmrore
Krantopamme
MacnrraGipoBanie ...

Jorapsdm no ocHOBAEIED 1

JIefICTEMTENBHOE OT UHCIa

pucyHok 3.2.5

TIiHeiHbIe KOMOHHALTDT

VMEO#EHE OEVE CHI...

3.2.6 Brxmanka DSP comepkuT pemakTUpYIOIIHAE OIeparun

| DSP Display Utilities Window

Srum TPAITHA CHTHATA

LMS drmrparma

AFRTOKOpDeNAIRLE

Bsammoxopp emains

CeepTra
T ELIHMALTA

Hurepromams ...
HuckpetHos OpeobpasoEaHie Cos

Beictpoe npeobpazoeamie $ypee

LPC anamr:

Cnmam:remie BII% 1z geficTEIT...

LPC agamr to 'fre' ...

O emaronnni FIE. drmetp

Inverse FFT ...

Average FFT ...

Decompose real and imag ...

Giz) =1/ H(z} ..

Ooparaoe BIIE

Cpeppee BII® .

Pazmosenie Ha OefACTE. M MH...

Giz) =1/ Hiz] ...

Pucynok 3.2.6

TSt
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3.2.7 Bxkuaaka  Display/Otobpaxenue CONCPXKUT  (PyHKIIUM
oToOpaxarolye CcurHai B OoJjiee yJOOHOM BUIE ISl  ONPEACIICHHBIX

HUCCIIEeI0OBaHUMH.

Display Utilities Window Orobpazerme
Time file ... Bpentermoil daiin
Frequency file, Mag ... YacToTHEDT dafln, EemHa
Frequency file, Power ... HacToTeBG dalin, MONTHOCTE
Frequency file, Phase ... HactoTHpnt thaitn, paza.
Frequency file, Mag 2D ... Hacrorsemi dait, e 2D .
Frequency file, Mag 30 ... HacToTsbn dafin, sen 3D

Pucynox 3.2.7

3.2.8 Bruagka Utilits/Y TiimmThl coiepKUT CUCTEMHBIC (DYHKITHH, TAKUE KaK
npeoOpa3zoBanue ¢opmara Qaiiia, mpeoOpa3oBaHHWE THIIA YHCIA, YIPABICHUE

rpapu4ecKoil 4acTho.

Utilities Window Voomme:
Control Center ... KoHTp omeHBDT HeHTp
v Saturate . v  Hacpmnare
Wraparound IMommwnt obopot
ASCH outputs ASCIl semBon;
v Binary outputs v EMHApHBLT ERIEOT
ASCH and Binary conversion ... ASCIL i1 GMHAPHBLI...
Fixed and float conversation ... THECHD. H IIAEIHIL.
Demultiplex Signal ... J e TIB TIITTSKCHEIT  CHTHAT
Multiplex Signals ... | MymeTimnexcHERT cHTHAN

Pucynox 3.2.8
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1.2.9 Briaaka Windows/Okno

Window Oxxo

Cascade Fackag
)  HenmeperprEatomee

Tile pacIIoNoHeHe

v Log Window W IHOTOTOEOE OKEO
Display Control ... Kontpoms oTobpaseHis
Graph Control ... Koxrpom rpada

Pucynok 1.2.9
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4. ®opmuposanme curianos B dsPICWorks
Jlist Toro 4yToObl HauaTh pabOTy, HYXHO CO3/1aTh HOBBIA WJIM OTKPHITH
CYIIECTBYIOIIAN TPOEKT.
PaccMmoTpum 3TOT mpoliecc Ha NMpUMEpPe CHHYCOMAAIbHOIO CUTHANIA U
MaHUITYJISIIIN C HUM.
Ipumep:
Cdopmupyem cunycounadbHbii curtan ¢ yactorou 80 I,
o0azamenvHo yKazae uma ¢paiina, B KOTOPOM OyIeT

COXpaHsATBCA BCC IPOMOACIUPOBAHHBIC PC3YJIbLTATHI.

22 GENeTating Stnusordal Wave ma
F Urit é | EmemaiRI gacToTED
Yacrora ckrHana —g— Signal Frequency E requency Uni
) {» Hertz
YacroTa sBfiopse — — Sampling Rate 2000 )
" Radians/second
— Mumber of S ampl
Kommecreo oreueros ——» Mumber of § amples 1024 _ é — Emoman: daser
Phase unit
Sagepuka Gasel === Angular Phase Delay 0
+ Degrees
Iilawoymaars s SIS T—3Peak Ampliude (fiom zerc] | |1 ,
(" Radianz
MocToREmOe craenTere _| %‘DC faet ,D—
2 OpnIaT EEIOAHOTO | ; -
FopMar sHEozHOT — Output File Format Binary -
CHTHATA
THO BEDOMHOTOD . = Output Mumber Type 32 bit floating point -
CHTHATA
Tem nryraa —==» Fandom Noise Type no hoige -
Output File Mame autput. tirm | é - Hra sprcomore datimna
Help Ok | Cancel |
Pucynok 4.1
BeixogHoit curHaigd MOXET OBITh HE TOJIBKO 32-OMTHBIM C

(UKCUPOBAHHOM 3amsTOW, HO W Takxke 16-OMTHBIM APOOHBIM C IUIABAIOIICH
3aMATON.

[Tomyyaem chopMUpPOBaHHBIN CUTHAIL:
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C:\Program Files\MDS\dsPICworks-v2. 1\output.tim

1.0000

0.7500

=

=
b
=l
—
=
-

Pucynox 4.2

Ilepen momayesn Ha MUKPOKOHTPOJUIEP C CHUTHAJAMHU MOKHO IIPOBECTH
PSAI pa3IMYHBIX ONEPALNM, TAKUX KaK CYMMHUPOBAHUE CUTHAJIOB Pa3HBIX TUIIOB,
HaXOXKJEHUE KOPPEISILMOHHBIX (PYHKIUHU, HCIOJb30BaHUE MPeoOpa30OBaHMIA

@ypbe, UHTEPHOJIALINS, CBEPTKA U T.I.
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5. Cunre3 curnauoB B dsPICWorks
1) Cdopmupyem aBTOKOPPETSALHMOHHYIO (DYHKIUS CHHYCOUIATBHOIO

CUTHaJa, JUII 4ero BeIoupaeM myHKT MeHio « DSP->Autocorrelation» Beoanm

HCO6XOHHMLK3HapaM€TpBH

input #{n] output tim < Brxogofi daiin
oulput: yin) comel tim é— Brroomoft dafm
Skip Firzt j S amples ‘é— [pomycTar: Oepsele ... OTCHETOE
Length of Comelation | 1024 [ 0to use all samples | < 8 KOppem
Help (0] 4 | Cancel

Pucynox 5.1.1

[Tomyyaem ee nzobpakeHue:

C:\Program Files\MDSidsPICworks-v2.1\corrz

Auto{output  tim)
2047 pt= @ 23000 Hz: IEEE 32 bit float: Binarv

=

o.1io0o0

—=0.100n0

sl
=
e
-
—
E
=

=

—0.400n0

Time (mS)

Pucynok 5.1.2
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2) CwmemaeM CHUTHAJ C ITyMOM.

>NoiseFunctiony

Jlnst gero otkpeiBaeM «Generator -

HacToTa MHCKD THS ALTEEL —%Sampling Fate

Koime cTED 0TCHeTOE —%Number of Samples

DO 0 HET

CDaHopo

T _

Fopraar proogEoro Gafma

Trm EBD{OIOHEL{ OTCHETOE

THII cHyUAiEHOTD IIVIE —

- MAKC —% riform Moize - Minimum

% Unifarm Moize - Masimum
% Output File Farmat

—% Output Mumber Tope

%‘ Fandom Moize Type

COutput File Mame

Help

a000) Frequency Lnit
1024 * Hertz
01 R adians/zecond
0.1
Binary -
32 bit floating point -
unifarmm -

noise.tim

Ok Cancel

Pucynok 5.2.1

[Tomyyaem uzoOpaxkeHue:

C:\Program Files\MDS\dsPICworks-v2.1\noise. tim

1024 pt= bit float:

a10n Binary
1000

T
,H ﬂ H NNH

PUCYHOK 5.2.2

(=]

=l
=1
o
-
—
o
=
B

0.0750

0.1000l

17



6) I[JIH MMOJIyUYCHUA CMCCHU IyMa U CUHYCONOAJIbHOI'O CUI'HAaJIa BLI6I/IpaCM

«Operation->Arithmetic->LinearCombo...»

input: =1[n] nioize. bim
input: ®#2[n] atpLt ki
autpLt: yin] haizesin. tim

win)=a*«ln] +b " =2[n] +c

a |l
b1

c |0

Help ] 4 Cancel

Pucynox 5.2.3

C:\Program Files\MDS\dsPICworks-v2.1\noisesin.tim

im+l#output | tim+0
. IEEE 32 bit float: Binary

=

=)
=
o
s
—
[= 8
=]
T

Pucynok 5.2.4
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Halizem chnekTp mOJy4ye€HHOTO CHUTHaJa C TOMOUIbIO OBICTPOTO

npeooOpasoBanus Pypre «DSP ->FastFourierTransformy

22 b gurier Ird 0 ati0 m = .
input: x[n] noisezin. tim
output: #[w] noiseszin. fre
FFT Window Function | Rectangular -
advance FFT frame 1024 samples
after each block of 1024 | points computed
Help ] Caticel

Pucynoxk 5.2.5

C:\Program Files\MDS\dsPICworks-v2.1\noise

it double: Binary

{dE)

=

Rs|
=1
o
-
o
=1
m

Ha

1.0000 3. 40000

Frequen :Hz) @ [Frame 0-64 .00 (mS)]

Pucynok 5.2.6

3) B 3aBepliieHHE OYHUCTHM CHUTHAd OT IIYMOBOW COCTaBJISIOIICH.
['oTOBBIX GUIBTPOB B MpOrpaMMe HET, Ja M TOpa3io ynoOHee co3aaTh CBOM
GuabTp € KOHKpETHBIMH mapameTpaMu. Jljis  3TOr0  BOCHOJIb3yeMCs
nporpammubiM nipuioxenneM dSPICFDLite. He Oymem paccmarpuBaTh 3TO
POTPaMMHOE TPUIOKEHUE CTONb MmoapoOoHo kak ASPICWorks, Ho ocHoBHBIC
MOJIO’KEHUS [T YCKOPEHHUS MPoliecca OCBOCHUS JAHHOTO MPOIYKTa MPEI0KUM

HMXKE. I[J'IS[ 9TOro paCCMOTPHUM BKJIAAKHU U UX HA3HAYCHHAL.

19



Eile $rafin
Load Specifications ... 3arpysHTb CIICLF KA
Print ... IMeuam ...
System Settings ... CHCTeMHBIE HACTPOFEI
. ITomezoEaTenscKan
User Information ... HH(D OpMAITIA
Exit ... Brerog
About dsPIC FD Lite ... O dsPIC FD Lite ...

Pucynok 5.3.1

View Bum:

v Toolbar v HHCTpYMeHTEL

v Status Bar v CTpora cocTomma
View Filter File ... Mpocmotpers daiin

Pucynok 5.3.2

Design ¢ | PazpaboTra
v IR Design ... ¥ EHX npoexTt
FIR. Window Design ... EIX npoesT
Equiripple Design ... ST e CEITI PO KT
Pucynok 5.3.3
Filter SumeTp
v Lowpass .. v HY dump
Highpass ... EBY dummetp
Bandpass ... Ionocosoi drUmTp
Bandstop ... PeeKTOpHETT -
Start Design ... Crapt mpoexTa

Pucynok 5.3.4

20



Dutput Brmog

Plot Control ... YHMACTOK KOHTPOMA
Snap to Grid IMprEmsra K ceTRe
Quantization ... Eranmrsarma
Create Specification File ... Cozpate cremd HEAINIOHHEE] hafin
Create Filter Coefficient File ... Cospare daiin dpumetpa kosd..,
Create Matlab File ... Cozpare daitn Matlab
Create Plot Data Files .., Cosgars afin yuacTa DaHHbD
Pucynoxk 5.3.5
Q;}d—egen Codegen

Fopg ..

C Code ..

dsPIC30 dsPIC30

J

Pucynok 5.3.6

Window Osso
li

Cascade Kackan

Tile Tile

Select Plots ... Bribpate yuacTok

Display Centrol ... OTodpasTe KOHTP O

Magnitude Bemnoma

Log Magnitude(dB) Log pemroma (dB)

Phase Paza

Group Delay I'pyrmoean sapep#ka

Impulse Response HnomynbeHan xap-ga

Step Response IMepexopran  zap-xa
IT Pole/Zero Plot IT IMomocsrHymr

Pucynok 5.3.7



Ha nanenu 3aJla4 UMCHOTCs COOTBCTCTBYIOIIHUC ITUKTOIPAMMBI:

s?c 3arpysue spe dafin
ﬂ O mporpanmie
@ Ileuats
Brnamat
& [Moxpermize
BHX mopmens
FIX mopens

:'}JIHEHPH'-IECKE.H MMOOEIb

H4
B

Ionocoeoit

PeeKTopHBLT

Eranmimaima

3amycE MOTemMpOEAHHA

EE - CoxparHeHie MpoekTa ¢

SPC| FLT| € |DAT COOTESTCTEYIONMM PACIIICAHIEM

Pucynok 5.3.8

= @ l= = = =8 M

BosxknankeFilter ->LowpassFilter

Ha nmpumepe cnpoektupyem Hq-qmanp, KOTOpBIN paboTaeT mnpu
gactotre auckperusanuu 44,1 xkl'u. @unbTp ompeaeneH corjacHo puc. 6.22.
['pannunas yacTtoTa mnoJiockl npomyckaHus cocraBiaser 18 kl'm. Ilomoca
3afep>Kku HaumHaeTcst npu 21 k[, HEpaBHOMEPHOCTh MOJIOCHI MPOMYCKaHUS
paBHa 0,01 nb, a HEpaBHOMEPHOCTH TOJIOCHI 3a/IePKKHU (ociabnenne) — 96 nb.
MBI Takke JOJDKHBI OMPEACIUTh JUIMHY CIoBa (pa3psaHOCTh) KOA(DPUIIUEHTOB,
KOTOpasi B JIaHHOM ClIy4ae COCTaBisieT 16 pa3psaoB, mpuHUMas BO BHUMAaHUE,

YTO UCHOJb3yeTcs 16-pa3psaHbIi _ ¢ (puKCHPOBaHHON TOYKOU
22



3amaem mapamMeTpsl it PUIbTpa coraacHo puc. 5.3.9

rm Lowpass Filter l P |- |

Filter Specification Input

YacToTa THCKpeTITZaIN % Sampling Frequency: ||

HaCTOTA MOM0CH] TP Oy CKAHIA % Passband Frequency: |SD
HACTOTA ITOIOChL sagfxa}ma% Stopband Frequency: |102,-l-

OITVCTHMBIE FEMeHEHIA [TOI0Ch] Passband Ripple ({dB): ||}.5
POy CKAHIA )
DOIVCTINMEIR HEMeHeHIA [IOI0CE Stopband Ripple (dB): |'I 0

SATYRAHHA
I Mext | Help | Cancel |

Pucynok 5.3.9

Iz[e AOIYCTUMBIC HW3MCHCHHUSA IIOJIOCHI IIPOIIYCKAHWSA M I1OJIOCBI

3aTyXaHUs ATO BEJIMYUHBI, H300pakeHHbIe Ha pucyHke Pucynok 5.3.10

151 — HEPaBHOMBPHOCTL B NONOCE NPONYCKaHWA
. NN
E fc HacTora Havana
z NoNochl 3aAepXKu
[—
=
£ f
2 | YactoTa oKOHYaHWA P, 85 — HEpaBHOMEPHOCTE
nosoce! NPoNycKkaHua B Nonoce 3afepxxu
(ocnabnedwe)
0 L
T Yacrora
Koadduunent 62
HEDABHOMEPHOCTH = ——

54

Pucynok 5.3.10
BUX-punbTpbl KOTOphIE HUMEIOT aHATIOTOBBIC SKBUBAJIEHTHI ((DUIBTPHI
barrepBopta, UeObIieBa, srmumuntuueckuii 1 beccens). Beibepewm,

smumntudeckuii(Pucynok 5.3.11).
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m Lowpass Filter l X

|IR Analog Filter Order Estimates:

(" Butterworth 10
(™ Tschebyscheff ]
" Inverse Tschebyscheff 5

% Bessel 10

Enter Desired Filter Order {optional):
Mexdt | Prev | Help | Cancel ‘

Pucynok 5.3.11

[Tpu aTOM XapakTepucTuku GopMupyeMoro GuiabTpa 0ToOpaxaroTcs Ha

rpaukax pa3aM4yHOIO BUJA!

PR dsPIC FD Lite = | |

File View Design Filter Output Codegen Window

& 7| & @l mE [ m B 22

” Magnitude ﬂmﬂ ” Log Magnitude(dB)

2000 4000
3000 4000

-] 8] x]|( ™ Pole/Zero PI

Snap Off Q16

Pucynok 5.3.12

CoxpanseM mony4eHHbI ¢QuibTp B Qopmare (*.flt), nHaxas

=
COOTBETCTBYIOIYIO HKOHKY Ha ITaHCIH 3a1a4 |£

Bosspamaemcs B dSPICWorks. Bkinanka DSP ->SignalFiltering
24



[TpuMeHuM nosryuyeHHbIH QUIBTP K _

P 4pply QED Filter to Signal ot e
Fitter Cosfficient File | filter2 fit
input: x2(n) naoisesin tim
output: ywin) sirfitter tim

Y{z)=H{z)}*¥(z)
where Hiz)is the transfer function of the fiter

Help QK ‘ Cancel

Pucynok 5.3.13

HonyqaeM CHUT'HAJI, ITOJIOCTBIO I/IIIeHTI/ILIHLJﬁ IICPBOHAYAJIBHO 3aIaHHOMY.

C:\Program Files\MDS\dsPICworks-v2 1\sinfilter.tim - | O] x|

no

1.0000 1024 pts

(=]

sl
=
-
Nl
—
2
g

%
£

0.5000
0.7500

1.0ano

Pucynok 5.3.14

Baxunou 0COOEHHOCTBIO IMporpaMmbl ABJISICTCA TO, YqTo BCC
IMPOU3BCACHHLIC ﬂeﬁCTBHH 3alIMChIBAIOTCA B BUAC KOJA, AJIA IIpUMEpa IMMPHUBEIACM

KyCOK JaHHOTO Kona Juisi Hamero ¢uibrpa. Beiompaem Codegen ->Ccode u
25



coxpansieM (Qaitn B HeoOxomaumoil manke. Ilpu oTkpwiTMM gaHHOrO (haiina

MOJIy4aeMm:

;. File 2.s

; Allocate and initialize filter taps

.section .xdata

.align 128

2Taps:

.hword OXFF7D, 0x001B, 0x0059, OxFF37,
0x0127, OXFE9E, 0x0174, OXFEAD, 0x0102

.hword OXFF7A, OXFFEE, 0x00B9, OXFEAA,
0x01D7, OxFDDD, 0x022F, OxFE14, Ox015E

.hword OxFF79, OXFFTE, Ox01AA, OxFD35,
0x03C4, 0xFB98, 0x0494, OxFBES, 0x02D5

.hword OxFF78, OxFCD7, 0x093D, OxXEA99,
0x49DD, 0x49DD, OxEA99, 0x093D, OxFCD7

.hword OxFF78, 0x02D5, OxFBES, 0x0494,
OxFB98, 0x03C4, 0xFD35, O0x01AA, OXFF7E

.hword OxFF79, 0x015E, OxFE14, 0x022F,
OxFDDD, 0x01D7, OXFEAA, 0x00B9, OXFFEE

.hword OXFF7A, 0x0102, OXFEAD, 0x0174,
OXFE9E, 0x0127, OxFF37, 0x0059, 0x001B

.hword OXFF7D

; Allocate delay line in (uninitialized) Y data space

.section .ybss, "b"
.align 128

2Delay:
26



.space 2NumTaps*2

Allocate and intialize filter structure

.section .data
.global _2Filter

2Filter:

.hword 2NumTaps

.hword 2Taps

.hword 2Taps+2NumTaps*2-1
.hword 0xff00

.hword 2Delay

.hword 2Delay+2NumTaps*2-1
.hword 2Delay

; The following declarations can be cut and pasted as needed into a program

Sample assembly language calling program

.extern _FIRFilterInit
.extern _BlockFIRFilter

.extern _2Filter

.section .bss

The input and output buffers can be made any desired size
the value 40 is just an example - however, one must ensure
that the output buffer is at least as long as the number of samples
to be filtered (parameter 4)
input: .Space 40
output: .space 40

dext

This code can be copied and pasted as needed into a program

27



samples

; Set up pointers to access input samples, filter taps, delay line and

; output samples.

mov

call

# 2Filter, WO ; Initalize WO to filter structure

_FIRFilterInit ; call this function once

; The next 4 instructions are required prior to each subroutine call

; to _BlockFIRFilter

mov
mov
mov

mov

call

# 2Filter, WO ; Initalize WO to filter structure

#input, W1 ; Initalize W1 to input buffer

#output, W2 ; Initalize W2 to output buffer

#20, W3 ; Initialize W3 with number of required output

_BlockFIRFilter ; call as many times as needed

28



