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Annomayun. Ywby maxonaoa akuiiu KypuiMaiapuu Oacmyputi mavMuHomu, yiap
VUYH MAOKuK 3muiaémean pakamiu CUSHAl Npoyeccopiap Kyeeamu, mesiucu, UHOUBUOYA
Xycycusmaapunu 6axonauws 6a yiapHu  Kyulau NPUHYUNIAPYU MAOKUKU YP2AHUTCAH.

Kanum cyznap: pakamau cueuan, npoyeccop, MUKpoOnpoyeccopiap, Oacmypiai,
accembnep, ancedOpaux, amaiiap, pakamiaumupuwi, CUSHAl, PAaKamiIu-aHanloe, KOHEepmop,
npoyeccop apxumexmypacu, unmepgelc.

METOIbI DO®EKTUBHOI'O UCITOJIb30OBAHUSA IU®POBbLIX CUT'HAJIBHBIX
MPOILIECCOPOB ITPA CO3JAHUU WHTEJJEKTYAJBHBIX YCTPOUCTB

Annomauua. B oOannou  cmamve  usyuaemcs — npocpamMmHoe — obecnevenue
UHMENIEeKMYANbHbIX ~ YCMPOUCm8, a maxyice MOWHOCMYb,  Obicmpoodelicmsue,  OYeHKd
UHOUBUOYATILHBIX XAPAKMEPUCTUK UCCTe0yeMblX OJisl HUX YUDPOBLIX CUSHATbHBIX NPOYECCOpos,
uccnedosanue NPUHYUNOS Ux NPUMeHeHUs.

Knrouesuvie cnoea: yugposoii cueHar, npoyeccop, MUKponpoyeccopbl,
npozpammuposanue, accemonep, ancebpauyecKue onepayuu, Oyu@dposka, cucHal, yugppo-
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METHODS FOR THE EFFECTIVE USE OF DIGITAL SIGNAL PROCESSORS IN
CREATING INTELLIGENT DEVICES

Abstract. This article studies the software of intelligent devices, as well as the power,
speed, assessment of the individual characteristics of the digital signal processors studied for
them, and the study of the principles of their application.

Keywords: digital signal, processor, microprocessors, programming, assembler,
algebraic operations, digitization, signal, digital-to-analog, converter, processor architecture,
interface.

KHUPHUII

XO03upru 3aMOHABUM TEXHUKAJIIAPDHUM PUBOXWUHU  aKWUIM KypWJIMAJIApCU3 TAaCABBYP
KWJIUII KAWWUH 5Mac, IIYHUHT Y9yH HMHIWBHUIYyal XYCyCHSITTa 3ra OyiraH pakamiau CUTHAJ
npoueccop(PCIN)uan  ummmammuau 6axonamn ydyyH YHUHT TYpId XYCYCHSTIApUHH Yidall Ba
TaKKOCTAIl MyaMMOCHHU XaJl KWJIHIITA TYFPU KeJIau.

Macanan, rtubpun PCIlnap ofgatma MUKpPOKOHTpOJUIEp Ba  pakaMilM  CHUTHAI
MPOIIECCOPUHIHT (QYHKIMSIAPUHHE OUPIAIITHPraH Maxcyc KypruimMaiap cudaruaa uiiaTiiaam.
Opnatna, OyHaail MaxcynoTiap Outra GYHKIHMSHH OaKapull ydyH MYJDKa/UTaHTaH - MacaJiaH,
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peanm BakTHa SJEKTP MOTOpJIApUHU €KUM OomKa OOBEKTIIapHM OOIIKApHIl YYyH. YIapHU
KYJJTAITHUHT sTHa OMp KEHI COXacu XO3upJa MoOMI Tenedonust 6ynmb, y epaa uirapu UKKUTa
MPOLIECCOP MIUIATHIITAH - OMpU KypriMa (yHKIMsIIApUHUA (TUCIUICH, KIIaBUATypa) OOIIKapHII
Y4yH OJIJIUI, UKKHHYMCHU 3Ca OBO3JIM CUTHAJUIAPHU KaiTa HIIIam y4yH (KojyIall Ba Oomkanap).

TAAKUKOT MATEPUAJIUVIAPU BA METOAOJIOTUACH

TankukoT Hatwkanapura kypa amanaa PCllnapu unuiam npuHUMILIapUra acocjaaHTraH
xoyia Tanouk dtrnanu. [lynuar yayn ymyman onranna, PCIlnapau Makcaayiapura Kypa UKKd
rypyxra OyJauil MyMKUH:

* Ymymuii PCIT;

* Myamwmora iyHantupwirad PCllnap.

"MyaMMoIapHu WYHAITHPHIN" OJlaTAa KymuM4a OyHpyKIapHUA dMac, OaJIKu YpHATHITaH
Maxcyc TalllKU KypujiManap TYIJaMUHHU Ha3ap/Ja TyTa/lu.

Mucon yuyH, MOTOpJapHH Oomkapuml yuyH myipkautanrad PCII-map uumum PWM
CUTHAJ TeHepaToplIapuHH, caHoaT coxacuaa 3ca LAN KOHTpoJuiepiapuHH Ba OOIIKaIapHH Y3
yuyura oiuimM MyMKHH. OBO3JM CUTHAJUIAPHU KalTa WOUIall Y4yH WIUIATAJIAJAUTaH
mpoleccopiap KynuH4a OMTHU OOLIKapHIL OJIOKIApH Ba XaTOJNIAPHH TY3aTHII MTPOLECCOPIAPUHI
¥3 nunra onaau|3,4]. Pakamnu doto Ba Buneo kamepanap MPEG1, MPEG4, JPG, MP3, AAS Ba
X0Ka30 Kojy1am/aexoanam moayimapu owian PCIT-napnan ¢oiinaranamu[1,2].

Pakamim curhHan mporeccopiapHd  AacTypiaml y4yH OJaTija HMKKHTa TUIAaH Oupu
Kyutanmianu - accemoiniep Ba C. PCII accemOnepiiapuHUHT acOCUi XYCYCHSTIapU aHbaHaBUH
MHUKPOIPOIIECCOp TUIUIApH OmiiaH OMp XWJI Ba yMyMaH, Kyduaaruda TabpuQIaHUIId MyMKHH:

» AccemOrep TN MallIMHAra My KallJlaHTaH, SbHU MPOLECCOPIApHUHT Xap OUp ounacu
Oomrka ounanap TUIUAaH GapK KUIaau;

* AcceMmOnep TuiaMaard OuUTTa KypcaTMma ojJaria OWTTa MallMHAa TWJIM KypcaTMacura
SKBHUBAJICHT OY1au;

* AcceMbOnepa facTypialija 1acTypdd MpoIeccop Ba TASUMHUHT Oapua pecypciapuiaH
doiigananuil UMKOHUSTHTA 3ra OYnuO, ymapjaaH WIOXKM Oopuya camapaiu QoimaanaHuIn
UMKOHUHM Oepajiu;

* Jactypunaan y3u unuta€traH Xxap OMp aHUK MPOIECCOP APXUTEKTYPACHHH SIXIIH
OMIIMIIN, SThHU XOJUMIIAPHUHT Tajald KUIMHAAUTAH MalaKacH eTapiid Japakaga FoKOpH OYIuIIH
Tanad dTUIIAIH;

» AccemOnepaa macTypiapHU SpaTHIN Ba JUCKHU PACKOJAMPOBKA KHIHUII Y30K MEXHAT
Tanad Kuiaaurad xapaé 6yau0, y XxaM I0KOpY MajlaKaHH Tanad KUJIaau.

bomkaua xunub aiftranna ypra Ba IOKOpU Japakaliu THIIapiaH, XxycycaH, C TUIMIaH
doiinananranga, JacTypjapHU SpaTUIIHU Ce3WJapiu Japaxaaa COAJaJalliTUPHUII  Ba
TE3NAIITUPUII MYMKHH, aMMO TH3UM pecypciapu TYIUK acceMOusiepaa €3uiran aactyp Ouiax
COJIMIITUPraH/ia yHYaJIMK caMapalii sMac.

Acnuna, ojaTaa MKKala IOKOpU Japakajard TUUIAPHUHT a(3auIMKIapUHA Ba MOHTAX
JacTypliapy caMapaJopiUTHHH OUpJamTUpraH E€HAAIlyB KYyJUlaHWiIaau. by craHgapt
KyTyOXoHamap ofarja acceMOiep/a, IIyHHHTICK, OaKapuIMII BaKTH Ba XOTHpa XaKMHU OVitnmda
KOOHUHT MYyXUM KHcMmIapuaa spaTwimmuaa udonamnananu. llly Ouman Oupra, €pmamumn
MOJYJIJIap FOKOPH Japakajgard TUIAA SPaTWINIIA MYMKWH, Oy OyTyH OacTypuil TabMHHOT
TU3UMHUHUHT PUBOKJIAHUIIMHY TE3AIITHPAAN Ba CONAANAIITUPAIHN.

PCII accemOnepaapHIHT KU3UKAPJIA XyCYCUATIAPH KyHuaaruaapaan nuoopar:
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* Ky OyiipykinapHu €3UNIHUHT MKKHUTA IAKIH MaBXyAJIUTHd - MHEMOHHUK Ba anreOpauk.
MHEMOHHK IIaKi aHbaHABUH MHKpOIIpoLEccopiap y4uyH OylpykiapHu €3umra yXmanan €ku
anreOpanK, CTaHIAPT MHUKPOIPOIECCOPIAPHUHT acceMOnepiaapuaa KaMpoK —KYJUTaHUIIAJH.
Opnarna, PCII accemOnepnapu €3yBHUHT MKKaJla MIAKIWHU XaM TYyUIyYHaJIWiIap, JEKHH, MacajaH,
Analog Devices Ba Lysent Tehnologies accemOnepmapu ¢dakat anreOpauk €E3yBiapiaaH
doitgananamuap.

* CtanaapT Ty3WJIMalapHU TAIIKWJI KWW BOCUTAlapH, MacajlaH, OUTTa KypcarmMa €ku
KoJ OJIOKMHM TakpopJiall y4yH Maxcyc ammapar kypcarmanapu Oepunanu. llly Ounan Oupra,
aHbaHABUI TPOLECCOPIAPHUHT TaKpopiam OyWpykiaapuaaH ¢apkid ViIapoK  Takpopuit
KypcaTMa KOAMHU OJHII IUKJIWHU YTKa3uO roOOpuIIM MyMKHH, Oy Xap OMp TakpOpJamrHHHT
OakapwiIMIl BakTHHHM KaMuaa | aBTOOYC NIHMKJIMTAa KHCKapTHpaau, Oy 3ca MKKUTAacH OWiIaH
“muKI KypcatMacu’” OUp BaKT WYHIa UKKU OapaBap Japomaj Oepasu.

Pakamnu curnan mpoieccop ouanapu WYHIa MOCIHUK MaBXyn OynuO ymap onatna,
PCIlnap owmnanapna wnuiad 4ukKapuiaAd Ba OWIAa HUYMIArd MaxcyJoTiap YyXimam WUFHUII
TWJUIapura €KM XaTTo MallMHa KOAM Japa)kacuJa MOCIMKKa 3ra. byHaaH Tamikapu, owiana
olataa OWp XWi KUYMK JacTyp KyTyOxoHamapu TyrmiamujaaH Qoigananunand. AHbaHaBUI
MUKporpoueccopiapaa Oynranu kabu, PCIIHMHr »5cku  Mojeiapyu KyIuUHYA — KyHH
MOJIEJUIAPHUHT MallMHA KOJUHM Oa)kapulld MYMKHH €KHM YJIApHUHI acceMOJiepu Y3JIapUHHUHT
KypcaTMajap TYIJIAMHHUHT KWHYMK TYIUIaMd cudaTHga TAcTKH MOJCJUIApHUHT  Oapua
KypcaTMaJapUHHM Y3 UYUra OJaiu.

Hocoznuknapau Ty3atuir aacrypiapu oxaraa, PCII yuyH €3unran gactypiapHu AMCK
PacKOAUPOBKA KUJIMII MAaXCyC BOCHTAJIAp, KYyMIIa/laH, JACTYpUH TabMUHOT CTUMYJIATOPJIAPU Ba
sMynsATOpiap €pAaMuia amaira OIIUPWIAgU. YIap, MIYHUHTACK, KYNUHYa MpoQuILIall
BOCHTaNIapUHU (KO OJOKIApUHU Oa’kapHIll TE3MUTUHU YIJall) ¥3 n4ura onaim.

Axkcapust PCIlnap cobur Hykranu apudmetukagan doiiganaHaaunap, YyHKH XaKUKHA
CUTHAJIHU KalTa MIUIalla Cy3yBUM HYKTa TOMOHHWJAAH TaKJAWM 3TWITaH KylIIMM4a JUana3oH
Tanad KWIMHMalIu Ba anmapaT MYypaKKaOJWUTMHUHI Kamaiumuy TydailiM Karra Te3NUK Ba
xapaxar ycTyHnauru maBxyZd. Cy3yBuum HyKranu PCllnap keHr nuHaMuK Jauana3oH Tajal
KWIMHAJIMTaH WioBajiapaa 6e6axo OYIUIIN MyMKHH.

MaxcynoT unuiad 4MKyBUWJIapW, IIYHUHTIIEK, KAMMATpPOK alapar 2Ba3ura JacTypuil
TabMUHOTHU WIUIA0 YUKUII HAPXUHU Ba MYpPaKKaOJIUTUHU KaMaUTUPHUII YIYH CY3yBUU HYKTAIH
PCIl-napnan Qoigananunuapy MyMKHH, YYHKH CY3YBUM HYKTa alrOpPUTMIIAPUHU amMaira
omupwuin oxaraa ocoHpok. Onatma, PCIlnmap ASCI napaup, 6upox PCII ¢yHkmusicura namnana
nactypiamtupuiaaurad gapso3a maccuBu (FPGA) uunnapu épaaMua XaM SpUILIUIT MyMKHH.
Vpuarmiran ymymuii Makcagmn RISC mporeccopiaapu GyHKIHOHAT xKuxataaH Tobopa PCII-ra
yxmadb Oopmokma. Macaman, OMAP3 mnporneccopiapura ARM Cortex-A8 Ba C6000 DSP
KUpaIHU.

PCII ¢ynkuusanapu Ba H/'W Te3namtupuil QyHKUMSIIApUHA OUPIAIITUPULITHU TaKIU(
kunyBun ssHTH PCII Typu acocuil TeHAeHIMsra aiimaHMOKAa. YOy MOJeM Mpoieccopiapura
ASOCS ModemX Ba CEVA XC4000 xupanu.

Macanan, 2018 imn maii oiimma Nankin TagKUKOT WHCTUTYTH TOMOHHUAAH HILIA0
yukwirad "Huarui-2" tacauknan ytau. bynnan tamkapu 0,4 TFLOPS ummo Gepurnn Te3nuru
Ownad unn OyryHru kyHnaa sHr mamxyp PCII-napra kaparanga sXmumpok HaTHKajgapra puiina
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onmanu. Jluzaitn xamoacu TFLOPS pmapakacuparum WIHUIOB O€pHIN TE3JIUTM Ba CYHBUH
MHTEJUIEKTHH KyJu1ab-KyBBaTiaiauran " Huarui -3" Hu sipaTuiira KApUIIIH.

Pakamiu curnan mpoueccopiiapu ayauo, BUAEO, Xapopar, 00CHM Ba >KOWJamryB KaOu
OJIMHJAH paKaMJIAIITUPWITaH >KUCMOHMN CHUTHAJUIApHM KaOyn KWiagud Ba ynap YCTHIA
MaTeMaTUK MaHMWIIYJILIUUIApHU amaira omMpanu. Pakamim cursan nponeccopilapuHUHI WYKU
TY3WJIUIIK  yiaap “Kymumm’, “aiiupumnr’, “kynadtapunr’ Ba “Oynaumr” kabW MaTeMaTHK
GyHKUMIApHY KyAa Te3 Oa)kapuIlly y4yH MAaxCyc MILIa0 Yukuiarad|4].

CurHayulapHu HIyHJai KalTa MIUIAIl KepakKy, yJapAard MablyMoTiIap rpaguk Tapsia
KYPCATUJININM, TAX) I KWIMHUAINK €Ki OomKa Typjaaru (oiganu curHaira aiTaHTHPUITHIIN
MYMKHH. XaKUKU{ TyHETA TOBYI, EPYFIUK, Xapopar €Kk 00CUM KaOH KHUCMOHMIA Xoaucanapra
MOC KeJlaJUraH CUTHaJulap aHaJor KOMIIOHEHTJIap TOMOHMJIaH aHHMKJIaHaIu Ba OOIIKapuiaau.
Kelinnuanuk, aHanor-pakamin KOHBEPTOP XaKMKWH CHTHAJIHU OJaay Ba YHU HOJ Ba Oupiap
KeTMa-KeTIMru cudaruaa pakamiau gopmatra aitnantupaau. Ymoy G0cKHuYaa pakamiId CUIHA
IIPOLIECCOPU PAKaMJIALITUPUIITaH MabJIyMOTJApHHU TYIUIAWJUIaH Ba YHU KalTa WIUIAHIUraH
xkapaéura yranu. KeilmH pakammamiTUpuiraH MablIyMOTHH KeHMHTU GoianaHuil y4yH
XaKUKUM qyHEra Kautapaiu.

TAAKUKOT HATH/KAJIAPA

OnuHraH HaTIKamapra acocaH OW3 MabIyMOTJIApHH HMKKH YCYNJIaH OWpHAa, SHHH
pakamun €ku aHayor ¢opmaraa OJUIIMMH3 MYMKHH. VKKMHYM XOJAa, paKaMJIallTHPUITaH
CUTHAJl paKkaMJIM-aHAJIOI KOHBEPTOp OpKalIM YTKa3wiagu. by XapakaTiapHuHI Oapuacu xyna
IOKOPH TE3JIMK/Ia amaJira OUIMpUIaiu.

Ymly KoHHenuusHU TacBupiam yuyyH MP3 aynuo 1ieepuza pakamiaM  CUTHAJ
Ipoleccopuial KaHfa (oipanaHuIIHM KypcaTtaaura Kyduaard OJOK JuarpaMMaHu Kypuo
YMKaMu3. E3um OOCKMYMAAa aHAIOr ay[AMO CUTHAl TH3MMra Kabyl KWIyBuM EKH OoliKa
MaHOanaH onuHaau. By ananor curHan A/D kxoHBepTop ¢&paamMmia pakamid CUTHajira
alJIaHTUPWIATM Ba pakaMJjd CUTHal Tmporeccopura todopamu Ba  PCII MP3 dopmatunu
KoJyTaiiin Ba ¢aiiIHu XoTupana cakiaiau. Mxpo stumn 6ockuumnaa (aiin xotupagaHn oJWHAM,
PCII TomoHMIaH JeKkoAJlaHAAM Ba paKamJIM-aHAJIOITA YTKAa3TW4Y OPKAIM SHA  AIIUTHIUILN
MYMKHUH OYJraH aHajor cCUrHajira aiinantupuwiagu. KellnH4aiuk mypakkad Mucosija, pakamiu
CUTHQJI TPOLECCOPH OBO3 OaJaHAJUTMHU  OOIIKApHI, 4YacTOTa KOMIIGHCALMSACH Ba
¢olinananyBu nHTep(eHCUHN TabMUHIIAII KaOK KyIMMYa QyHKIMsIIApHU Oa)XapUId MyMKUH.

INPUT/QUPUT

Serial Ports /0 Connects
Timers to Qutside
Host Ports World
External Ports
LINK Ports

MYXOKAMA

IOxopuna pacmaa KenTUpwiIraH pakamid CHUTHal IPOLECCOPUMHMHI  HMUYMJa HHUMaA
OopnuruHu n3oxnab kypaitnuk. Jlemak, pakamiau CUTHalI NpPOLECCOpUra KyHuaard acocuit
KOMIIOHEHTJIap KUPAJHU:
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* JMactyp xorupacu- PCIl mabnymoTinapHu KalTa uuuiam ydyH (oiinananaguran
JACTYpJIapHU ¥3 HUMTra ojiap KaH.

* MabaymoTJiap X0THpPacH- KaiiTa UIIUIAHTaH MabJIyMOTJIApHU Y3 UUUTA OJIAJH.

*Xucodam sAAPOCU-IACTYp XOTHUpAcHJIAru JAacTypra Ba MablyMOTJIAp XOTHPACHAATU
MabJIyMOTJIapra KUPUII OpKajal MaTeMaTUK WIUIOB OCPHUIIIHU aMaJira OLIUpaIu.

 Kupum/9ukum KyiHH THU3MMH- Talmkd AyHE OwiaH uHTepdelic ydyH OuUp KaTop
GyHKIMSUTApHU TaKAUM STaIu.

AHanor Kypuiamaiap MpolLeccopiapy Ba aHHUK MUKPOKOHTpoJIIepiap Xakuiaa Gatadcui
MabJIYMOT OJIUII YIYH CH3HU KyHHJIard MaHOAIapHU KYpUO YMKHUIITHYU TaKIA(] KHIaMU3:

* SHARC mipotieccopiapu apXUTEKTypacH.

* SHARC npouieccopunu Tannam 0yinya KyJuianMa.

* Blackfin nmpomeccop apxurekrypacu.

* Blackfin npoueccopunu Tannam 0yinua KyigaHma.

* Ho3uk aHanor MUKpOKOHTpPOJIEpIIap YUyH TaHJIOB KYJIJIaHMACH.

XVJIOCA

Pakamnu curHaigHu KaiiTa MOuiami kyja Mypakkad mMaB3y OYnu0, XaTTo 3HT TaXpuoOanu
PCII myraxaccucimapuHu XaM XaipaTna Kougupuind MyMKHH. bu3 Oy epaa ¢dakar kuckauda
MabIyMoT Oepmuk, ammo Analog Devices pakamiim CHUTHaUIapHM KalTa WILIAl XakKuaa
KyIIMMYa MabIyMOT OJHII Yy4yH KyIIMM4Ya pecypcilapHH XaM Takiu( KHIUIIAMHU3
MyMKHH[5,6,7].
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