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PaccMoTpeHbl BapuaHTbl MOCTPOEHMST LMEPOBLIX MPUEMHUKOB CIIOXHbBIX LUMPOKOMOMOCHbBIX
curHanoB (LUMC) ¢ mHorocTyneHyaTbiM anroputmom o6paboTku. lNMpegnoxeH meTon peanusaumu
npuemHumka LUMNC kak SoC, B FPGA 6e3 npumeHeHus DSP.

1. BBegeHue

B npuknagHbix 3agadax umdpoBor 06paboTkM CUrHanoB MHOr4a BCTPEYalTcs cuTyauun, kKorga
Hapsigy CO CINOXHbIM MHOFOCTYMEHYaTbiM anropuTMOM HET BO3MOXHOCTU MPUMEHEHMST MPOMbILLIIEHHbIX
npoteccopoB Lndposor obpaboTkm curHanos (DSP).

B paHHOM paboTe paccmaTpmBaeTcs MPOekT uMdpoBOro npuvemMHuka cnoxuoro LUMC curHana c
MHOrOCTyMNeH4YaTbiM anroputmom obpaboTku, peanuszoBaHHoro Ha FPGA cepun Virtex komnanum Xilinx. B
COOTBETCTBUMN OOLMMM TpeboBaHUAMU, NMPUEMHUK OOMKEH BbIMOMHATE BPEMEHHOW MOWCK ABYX KOMMOHEHT
KBagpaTypHOro curHana, OCywecTBnATb 3axBaT W ydepxaHue cuHxpoHusaumm c [CI, 4acTOTHbIA MOWCK,
hba3oByl0 MOACTPOMKY 4YacTOTbl, AeMogynauuio obenx KOMMOHEHT CcurHana, a TakK Xe WusMepeHue
napameTpoB MPUHUMAEMOro CUrHana u ux nepegady no 3anpocy B Beayluee yCTPOUCTBO.

YkaszaHHas 3agadva bbina pewweHa metogom “Cuctembl Ha OgHom Kpuctanne” (SoC — System-On-a-
Chip). NpegnoxeH cobcTBEHHbIN NOAX0A, K MOCTPOEHMIO MOAOOHBLIX CUCTEM.

2. TpaauUMOHHbIE cNOCOObI peanusaunmu ungpoBbIX npueMHukoB LUMC

MocTpoeHne UMPOBLIX MNPUEMHUKOB TPaOULMOHHO pellaeTcs NyTeM CO3[AaHus  OTAENbHbIX
PYHKLMOHAINbHbLIX OFTOKOB CO CITOXXHBbIMU MEXaHU3MaMU yNpaBrieHnsa aAns kaxxgon nogsagaym (Puvc. 1).

DyHKUMOHamNbHbIEe OMOKM NpMeMHMKa paboTalT C pa3HOW NMPOU3BOAMTENBbHOCTLIO, 0OYCIOBEHHOM
ux HasHadeHmem. Kpome TOro, amroputMbl CUCTEM CBS3M MOCTPOEHbI Tak, 4TOo Onokm paboTalT He
O[HOBPEMEHHO M He NMOCTOsIHHO. Hanpumep, nouckoBbin npuemHuk MNMCI paboTaeT TONbKO Ha HavarbHOM
aTane, npu aTom 6nok DLL (neTnsi cnexeHnst 3a 3agep)kkon) 1 gemogynsaTopbl NPOCTanBaloT, U HA0bOpPOT.
YnpaBneHne TakMMKU OTAENbHbIMW  CNEeUMann3npoBaHHbIMKU  BriokamMn n  MHTEpPdENCHl MeXay HUMK
3HaAUMTENbHO  ycroxHsATcA. [pu  Takom noaxode  pas3paboTyMK  BbIHYKOEH  MPUMEHATH  Yuvnbl
nporpaMMmpyemon noruku 6onbLuoro oobemMa, u kak criecTeme, JOPOrocTosLULmME.

3. Peanusauma npuemHuKa ¢

S Bnok noucka | Bnok nomouibto SoC

ncn nM3mepeHun 5narop,apﬂ
YnpaeneHue Ynpaenenue CcoBepLUeHCTBOBAHUIO
MUKPOINEKTPOHHOMN TEXHOMOMIN N POCTY
ObICTPOOENCTBMS M E€MKOCTU  YMMOB
- ﬂe"‘°“Y|""T°P > nporpaMmmMmpyemon NOTUKMK, B
1 nocriegHee Bpems cTanu MNonynsipHbl

YnpaBneHue «
a Tak Ha3biBaemble “Cuctembl Ha OgHom
>< K DLL BLL KpI/ICTaJ'IVJ'le (SoC - System-On-a-Chip).
Veeemarme Voaeree OCHOBON Takmx YMNOB CHAYXUT S4pO
KoHTponnepa BHyTpu FPGA, koTopoe

A
Enor L P UCMONHAET  anropuTMbl  yrpaBneHus
4acToTHOrO S ”e"'°“é"’”°" > ocTanbHbiMM  ycTpoiicTBamn  FPGA.
nowucka B [MepBble MOMNBITKM CO3OaHUA  Takux
Ynpaenexue Ynpasnexue

cuctem npeanpuHUManncb ele npwu

nosisreHun nepsbix FPGA [1], ogHako
OHU 6bInNn He 3hEKTUBHBLI BCeacTBME

Puc. 1. Bnok-cxema undposoro npvemuuka LUMC. marnomn €MKOCTU 7] HEBbICOKOIo
ObiCTpo4enCcTBMSA NepBbiX KpucTannoB. B HacTosiee Bpemsl CylWecTBYeT [OBa OCHOBHbIX HarpaBreHus
peanusaumm SoC B FPGA. lNepBoe — 310 peanusauma B FPGA agpa koHTponnepa ¢ oBwenpuHATbIM
HabopoM KOMaHg U apXMTEKTYPOK, BbINOMHEHHAs Ha anemeHTax cTpykTypbl FPGA(cells, LUTs)[2-4]. 370 Tak
Ha3blBaeMble nporpaMmmHbie gapa (soft cores). Bo BTOpoM crnyyae S4p0 yxe CyLLeCTBYOLLEro KoHTponnepa
uHterpupyetca B unn FPGA (hard cores) [5, 6]. CTpykTypa npuemHuKa, BbINOSHEHHOrO ¢ NpumeHeHnem SoC
B FPGA, nokasaHa Ha puc. 2.

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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Puc. 2. bnok-cxema npuemHuka, peanu3oBaHHOro Ha ocHoee SoC.
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Ha nepsBbln B3rNsg  YCTPOMCTBO,
nokasaHHoe Ha PucyHke 1, He cTano
npowe. OgHako npegocTaBrieHne OYHKUMA
ynpaeneHus SApy KOHTponnepa npvBeno K
YNPOLEHNIO  (PYHKUMOHamMbHbIX OMOKOB U
UHTepeNCcoB MexXxay HUMW. YnpasreHue
hyHKUMOHANBHBIMU 6rokamu Tenepb
CBOAUTCS K BbINOSIHEHMIO MPOCTLIX KOMaHA,
nogaBaembIx MUWKPOKOHTPOINIEPOM.
YnpocTunocb NpoeKTUpOBaHME YCTPOWCTBA
B LEenomMm u otnagka 610KkoB 1 anropuTMOB.
MpumeHeHne sappa CUTHanbHOro
npoueccopa BMeCTO agpa
MUKPOKOHTPOIIIepa MOXeT NepenoXutb Ha
nporpammy npoueccopa UCMNonHeHve
PYHKUMIA MeaneHHo paboTarowmx Ornokos,
YTO COKpPaTUT OOLWMIN 06 BEM NPUEMHHUKA.

Ho npu atom mncnonbaytotca sopa ¢
)Xecmko 3adaHHOU  apxumekmypol U
Habopom KomaHO — yHueepcarsibHble siopa.
B Takom cnydae, HeT BO3MOXHOCTU
N3MEHUTb Aapa Mo peLleHne KOHKPETHOM
3apgayn. Henb3s onTummsmpoBatb Habop

KOMaHZ, Hamnpumep - cokpatutb ero. [Npuxoautcs NoacTpavBaTh 3aadv Mof MCMoNb3yemylo cucTemy. B
KOHEYHOM WTOre MaToM 3a BbIHYKAEHHYIO YHMBEpPCAllbHOCTb Bcerga sBnsieTcs Gorbliasi KoHeuvHast

CTOMMOCTb n3genua.

B pesynbTaTe aHanmMsa BO3MOXHbIX MyTen 3PEEKTUBHOW M HeJOpOoron peanusauun npuemMHuka
rpynna paspaboTynkoB MpuLLfa K CTPYKTYpe, MCNOMb3yoLWen Crieayolme NpyHUMMbL:

®  MPOLECCOpPHOE AP0 AOIMKHO ObITb MOCTPOEHO no npuHumnam RISC npoueccopoB ¢ HEOOXoaNMbIMK

OOMNOSNTHEHUSMMU;

e B Habop KOMaHA AOMKHbl ObITb BKMOYEHbI cneuuanbHble YHKUUKW, UCMOMNb3yeMble B NpoLecce

06paboTkM curHana B MPUEMHUKE;

e Habop KOoMaHA sigpa OOIMKEH ObITh Nepeonpenensiem;
e 00bemM NamsaTM s4pa, KONMMYECTBO MpepbiBaHUM U UHTepdencbl C¢ nepudepunHeiMn Griokamm

OOIKHbI ObITb NErKo N3MEHAEMbIMU;

e npu obpaboTke NpUMeHsieTcss BpeMeHHoe YnoTHeHue ¢ Bydepusaumel pesynbTatoB B NaMaATh, a
(pyHKUMOHarbHbIE GrOKM OGBLEeAUHSIIOTCA M BbIPOXKAATCS A0 BbINOSIHEHUS] MPOCTbIX (YHKLMIA

(cBepTka curHana, casur, redHepauus MNCM v t.4.).

CTpyKTypa Nofy4eHHOro Ha OCHOBE 3TMX MPUHLIMIOB NMPUEeMHUKa Noka3aHa Ha Puc. 3.
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Puc. 3. Bnok-cxema npvemHuka peanusoBaHHoro Ha FPGA ¢ npoueccopHbIM SA4poM
C nepeonpeaensieMblM HaGopoM KOMaHA,
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4. 3aknoyeHue

B coBpeMeHHbIX ycnoBusax adeKTUBHOCTb NPOEKTUPOBaHUSA YCTPOUCTB U, Kak cneacTeme, ycnex Ha
pblHKE HanpsiMyld 3aBUCAT OT TMOKOCTU MNPUMEHSIEMbIX MPU MNPOEKTUPOBAHUN TEXHOMOMMIA U MOSHOTHI
NCNoNb30BaHNsi COBPEMEHHOW 3aremMeHTHon 6asbl. [peacTtaBneHHble B paboTe NpuHUMMbI MOCTPOEHUS
ApPXMTEKTYPbl CITOXHbIX LMMPOBLIX MNPUEMHUKOB MO3BOMAIT B KpaTyaWluMe CpOKM co3faBaTtb Jlerko
peKoHUrypmMpyemble MNoA HOBble 3adaynm CUCTEMbl. [MOKOCTb apxuUTeKTypbl siAapa M (PYHKLUMOHAIbHbLIX
6nokoB, nepeonpefensembli Habop KomaHA, nporpaMmHasa oTnagka anroputma o6paboTkm curHana,
NCMOb30BaHNE LUMPOKO pacrnpoCTpaHeHHbIX U OTHOcuTenbHO AeweBblx FPGA, nerkoctb nepeHoca koga B
ASIC, komnakTHasi CTpyKTypa BCero YCTpoOMCTBA — BOT TOMbKO HEKOTOPbIE MMOChl MCMONb30BaHNUS
npeanoXeHHoOro noaxoga. Ha uM3nOXeHHbIX B AaHHOW paboTe npuHUMNax rpynnon UHXEHepoB
BopoHexckoro HUW Cesasu paspabotaH nNpUEMHMK CIIOXHOrO LUMpPOKononiocHoro curHana. bnok LIOC
npuemMHuka peanusoBaH Ha ogHom FPGA Xilinx Virtex. Kpome TOro, onmcaHHbIn noaxon MOXET ObiTb
ucnonb3oBaH ansa noctpoeHuss cucteM SDR (Software Defined Radio) u 6bicTpo nepecTpoeH noa
TpeboBaHMSA HOBbIX CTaHAAPTOB CBA3WN.
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SYSTEM-ON-A-CHIP IMPLEMENTATION OF THE COMPLEX WIDEBAND SIGNAL DIGITAL RECEIVER

Fefilov I., Matyushin P., Lavlinski S., Minin E.

Voronezh Research Institute of Telecommunications
14 Plekhanovskaya Str., Voronezh 394018 Russia, Phone (+7 0732) 52 82 00

Abstract. The present paper covers the design principles of the digital receivers of complex
wideband signals employing multistage processing algorithms. The SoC implementation technique of
the wideband signal receiver by FPGA without DSP is proposed.

Some digital signal processing applications containing sophisticated multistage algorithms are
constrained by impossibility of usage of single processor chips. Recently System-On-a-Chip (SoC) in FPGA
is used to solve such problems. The SoC architecture includes the controller core, and the programming

logic array. The latter is controlled by the core. The wideband signal receiver implemented as SoC by FPGA
is shown in Figure 1.
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Fig. 1. Conventional SoC receiver architecture Fig. 2. Proposed receiver architecture

Different SoC [1-4] offered nowadays at the market contain cores with rigidly pre-set architecture and
commands. Such cores cannot be modified for a particular solution. Hence, the designers have to adjust
their tasks according to the available system. The forced universality is a reason for high end cost of the
product.

Having analyzed simple and efficient receiver implementation, the designing team selected an
architecture based upon the following principles: 1) the processor core must be designed by the RISC
processor principles with necessary additions; 2) the command set must include special functions used for
the receiver signal processing; 3) the core command set must be redefinable; 4) the core memory size,
number of interrupts and interfaces to periphery units must be easily modified; 5) time compression with
memory buffering of the results is used for processing, and the functional blocks are combined and degraded
to performance of simple functions (signal convolution, offset, PN code generation, etc.). The architecture of
the receiver designed by the above principles is shown in Figure 2.

The design principles of the complex digital receiver architecture presented in the paper allow fast
creation of easily reconfigurable systems. The advantages of the proposed approach include flexible core
architecture and functional blocks, redefined set of commands, software debugging of a signal processing
algorithm, usage of popular and relatively inexpensive FPGA, easy code transfer to ASIC, compact structure
of the system. In addition, the described approach can be used for the Software Defined Radio (SDR)
design, and easily adjusted by new communication standards requirements.
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