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YCTPOUCTBO LIU®POBON OEPAEOTKU PAOVONOKALMOHHbIX CUTHANOB
Jlobpoxanckuit A.I1., 3aitues I'.B., Hpmuna N.b.
HayuHo-npon3BojicTBeHHOE 00beanHEHUE “Anmas”

1. BBegenue

Ycrpoiicteo 00paboTku  curHanoB (YOC) sBmsieTcs OIHUM U3 BaXKHCHIINX Y3J0B COBPEMEHHBIX
panuonokannonHeix craHimid (PJIC). B nmokmame onmckiBaeTcss pa3pa0OTaHHOE YCTPOMCTBO 00paboOTKH
pazvOIOKaMOHHBIX CUTHAJIOB HAa OCHOBE INPOrPaMMHPYEMOro Ipoleccopa ¢ HPOWU3BOIUTENBLHOCTBIO Oornee 20
GFLOPS. Ono npenHa3Ha4eHO ISl PEIICHHS CICAYIOUINX OCHOBHBIX 33aad: ONTHMAaTbHAS (PUIBTPAIHS MOJC3HBIX
CHUTHAJIOB B 3aJlaHHON 00JacTH KOOpAWHAT Ha ()OHE ITyMOB M TNOMeX; OOHapy>KeHHe MOJEe3HBIX CHTHAIIOB IIO
pe3ynbpTaTaM QUIbTpaINd, H3MEPEHHE TTapaMeTPOB OOHAPYKEHHBIX CHTHAJIOB.

BypHoe pa3BuTHE MUKPOAIIEKTPOHHUKH MPUBEIO K TOMY, 4TO 00€ 3a1a4uil d3PPEKTHBHO PEIIAIOTCS B HU(PPOBOM
Buze. Ilpu 3ToM K ycTpoicTBY mupoBoit 00pabOTKH HPEABSIBISIOTCS CIEAYIOMNE TPEOOBAHHS:

- BBICOKas IPOM3BOIUTEIHHOCTD IIPH PEIICHUH NIEPEUHCICHHBIX 3a/1a4, UCUUCIIsIeMas MAJUTHApIaMHy OTIeparnit
B CEKYHIY;

- HempepbIBHas paboTa B peasbHOM MacmTabe BpeMEHH € Majlod 3afep)KKOH TOIyYeHHUs pe3yIbTaToOB
pelIeHns Kaxa01 3a/1auu;

- MHOTO(YHKIIMOHAIFHOCTb, TO €CThb BO3MOXKHOCTh OOpaOOTKH INHPOKOTO KIJlAcca paJHOIOKAIIMOHHBIX
CUTHAJIOB;

- BO3MOKHOCTh MOJICPHH3ALINHU YCTPOMCcTBA 0e3 M3MCHEHHUS arlapaTHON YacTH;

- MaJble Beca i rabapuTHI.

Peanmmzanus 3tux TpeboBaHWiT mpUBOAUT K mocTpoeHH0 YOC Ha OCHOBE HMPOTPaMMHUPYEMOTO IIpoIeccopa
o0pabotku curHanos. [Ipu s3Tom YOC coctouT U3 IBYX B3aMMOCBA3aHHBIX YacTel (puc. 1): ycTpoiicTBa ycuneHus u
npeobpaszoBanus curaaios (Y YIIC) u cobcTBeHHO mporpaMMupyemoro npoueccopa curnanos (I1I1C).
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Puc. 1. OcnoBubIe cocTaBHbIe yacTH Y OC

OCHOBHBIMH (DYHKIMSIMA TIEPBOTO OJIOKA  SIBJISIOTCS yIPaBJIIEMOE YCHICHHE, (DOPMUPOBAHHE IOJIOCHI
CUTHaJIOB, oOpabaTbiBaeMbIX B 1M(POBOM BHUAE, M aHAIOro-uuppoBoe INpeodpa3oBaHHUE CHIHAIOB. B
paccmarpuBaeMoM YOC KOJHYECTBO AHAIIOTOBBIX KAHAJIOB PaBHO YETHIPEM — CYMMApHEBIH, JTBA Pa3HOCTHBIX H
BCIIOMOTATENbHBIN KaHanbl. CleayeT MOMYepKHYTh, 4YTO, HECMOTpPS Ha TO, YTO BCSI OCHOBHas o00OpaboTka
npoussonutcs B IIIIC, mepBeiif OJIOK SBISCTCS BEChbMa BAXKHBIM Y3JIOM, OIPEICIIAIONUM MHOTHE BaXKHEIC
XapaKTEPUCTUKU YCTPONCTBA B IIEJIOM, TaKHE KaK YyBCTBHTEIBHOCTH, AMHAMUYECKHU AMAIA30H, MaKCHMalbHAs
MI0JI0CA YaCTOT 00pabaTHIBAEMBIX CUTHAIIOB.

2. YcTpoicTBO yCHiIeHHs M TPeo0pa30BaHMUsA CUTHAJIOB

CrpyKTypHasi cXxema OJHOTO M3 YeThIpeX nAeHTU4HbIX kaHanoB Y YIIC npusesieHa Ha puc. 2.

Kanan moctpoeH mo 0eckBajpaTypHO# cXeMme AMCKpeTH3alKd Ha MPOMEXYTOYHOH dacTtore fry = 60 MI'w.
[onocoBoii GUIBTP NpEeIBAPUTENHLHON CENEKIMM Ha TOBEPXHOCTHBIX aKyCTHYECKHX BOJIHAX C IOJIOCOM
nponyckanus AF = 6 MI'n obecrieunBaeT MpHEMIIEMbIE YaCTOTHBIE M HMITYJIbCHbIE XapaKTEPUCTUKH B I10JIOCE
o0OpabaThIBacMbIX CHTHAIO0B (rmopsaka 3 MI'I) mpu HCHOJIB30BaHUM MeTOoAa mepemuckperusanuu. I{udposoit
dopmupoBarenp mosiocel mocie ALl peanmsyer mnepeHoc 00pabaThIBAGMBIX CHUTHAJIOB Ha BHIICOYACTOTY,
(dhopMuUpyeT KBapaTypHbIC KaHAJbl, YMCHBIIACT JI0 HEOOXOIUMOM BEIMYMHBI MTOJIOCY 00pabOTKH [T KaXIO0TO THUIIA
CUTHAJIOB C OJTHOBPEMECHHBIM IIPOPE)KUBAHUEM BEIOOPOK.
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Curnansl ynpasnenus ot IIIIC

Puc. 2. CprKTypHaS[ CX€Ma KaHajla yCUJICHUA 1 Hp606p8.30BaHI/I$I CUIrHalia

Amnanoro-uudpoBoe npeodpazoBanue peanusyer 14-paspsanbiii ALl ¢ vacroroit muckpernsanun Fy= 48
MTI 1. B xagectBe CBUC ALII ncnions3oBana mukpocxema AD6645 ¢pupmsr Analog Devices.

VYmopaBisgeMmble YCHIWTEIH B COCTaBe CTPYKTypHOH cxembl kanama YYIIC, kpome ¢dopmupoBaHus
noctarogroro amst pabots! ALl ypoBHS curaana, o0ecrieunBaroT JBe HE3aBHUCHMBIX aBTOMaTHYECKUX PETYIHMPOBKU
ycunernus (APY): APY mo kxapre momMex UIsi IpEAOTBpAIIEHHUs OTpaHMYEHHS B TpakTe M MmyMoByro APY mns
MO /IEpKaHKs Ha ONTHMAJIBHOM YPOBHE OTHOIIEHUS BXOAHBIX IIyMOB K ypoBHIO KBaHTOoBaHHs ALIII.

3. IlporpaMmMupyeMblii IPO1ECCOP CUTHAJIOB

[IIC peann3yer Bce OCHOBHBIE aJrOPUTMbl MHOTOKAHAIBHOW ONTHMAIBHOW (WIBTpALUU, OOHApYKEHUS
MOJIE3HBIX CUTHAJIOB M M3MEPEHHs WX HapaMeTpoB. [IporpaMMupyeMocCTh Hpoleccopa MO3BOJISET HCIOJIB30BATh
MIMPOKMA  HAaOOp  30HIAMPYIOIIMX  CUTHAJOB,  HEOOXOAMMBIX  COBPEMEHHOW  MHOTrO(YHKIMOHAILHON
pafMOIOKalMOHHOM CTaHLMK, U THOKO MEHATh PEKUMBI €e paboThl B 3aBHCUMOCTH OT M3MEHEHUS OKpPY’KaromeH
00CTaHOBKH.

OcHoBubele TpeOoBaHus Kk [IIIC ompenensioTcst KiaccoM BBIIOJNHSAEMBIX aJITOPUTMOB M HEOOXOAMMOI
MPOU3BOIUTEIBHOCTBIO TIPH MX BBIIOJIHEHUH. AHAIM3 aJTOPUTMOB OOpPAOOTKH paJvOIOKalMOHHBIX CHUTHAIOB [1]
JaeT BO3MOXXHOCTH BBIAEINTH 0a30BbIE MOAAITOPUTMBI, 3(G(PEKTUBHOE BBINOJHEHHE KOTOPHIX JIODKHO OBITh
obecnieuero B IITIC. OcHOBHOH 00BEM BBIUMCICHHN MPUXOMUTCA HA TaKHE IMOJAITOPUTMEI C XOPOIIO Pa3BUTHIM
napasuienu3MoM, kak bII®D, duipTpanus u mosaeMeHTHbIE onepanuy ¢ MaccuBaMu. OHAKO CyIIECTBEHHA JOJSI U
MOJAJITOPUTMOB € OOJBIIMM KOJIMYECTBOM BETBJICHUH M YCIOBHBIX MEPEXOI0B, TAKHX KaK MOPOrosas oOpaboTKa U
U3MEpPEHNE KOOPIUHAT. B CBA3M C 3TUM yCTPOICTBO OCTPOCHO MO AOCTATOYHO YHUBEPCATBHON apXUTEKTYPE.

[orpebnas npousBoautenbHocts [II1C onpenensercs mapamerpaMu o0padaThIBAEMbIX CUTHAIIOB, 3aBHCUT OT
pexxumoB pabdotel PJIC m moxer pocrurath coreH GFLOPS, yro mpuBomuT k HE0OXOIMMOCTH TOCTPOCHUS
MHOTOIIPOLIECCOPHOTO YCTPOHCTBA.

Hpyrue tpedoBanus k IITIC BbITekaoT n3 obmmx npuHOUnoB paspaborku PJIC u cocrosr B obecrieueHnn
0E3MHEPIIMOHHOTO TIEPEKIIOYEHUSI PEKUMOB pabOTBHl YCTPOMCTBA, 30HAMPYIOMIMX CHIHAIOB, JIMTEIHLHOCTEH
MIEPHOIOB 30HIMPOBAHMS U JPYTHX MapaMeTpoB 0e3 ClennalbHBIX 3aTpaT BPEMEHH Ha MEPEKIIIOYEHHE; a TaKkkKe B
MHHUMH3ALIHA BPEMEHN 3a/IeP>KKH TOJTydSHHUS Pe3yIbTaToB 00paOOTKH MOCIIE TpHeMa CUTHaA.

CrpykrypHast cxema IIIIC, pazpaboraHHass Ha OCHOBE yKa3aHHBIX MpPHUHIUIIOB, MMOka3aHa Ha pwuc.3. TIIIC
COCTOUT M3 CIEAYIOUMX (YHKIMOHAIBHBIX Y3JI0B, KOXKIBIH M3 KOTOPBIX pa3MelleH Ha s4eiike eBpocTaHaapTa
dbopmara 6U:

- BBIUHCIUTENBHBIN Moaynb (BM) u3 mectu nponeccopHbix smemerToB (I13);

- KOHTPOJUIEP BBHIXOIHOW HHPOPMAIINH, PeaTH3yIOLIHA BEIBO Pe3yIbTaTOB 00paboTKH Ha (pOHE BBHIUMCIICHHIA;

- MOJYJIb YIPaBJICHHS, UMEIOLIUH J1BA MPOLIECCOPHBIX IIEMEHTA;

- 1uQpoBOi UIMUTATOP CUTHATIA;

- MOJYJIb CHHXPOHH3AIH ¥ KOHTPOJIS.
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Puc.3. CtpykTypHas cxema nporpaMMHUpyeMOro Ipoleccopa CUrHajaoB

OcHoBHbIM BbInCIUTENbHBIM 51eMeHTOM [IIIC sBisiercst BbIMMCIUTENBHBIM MOAynb. OH MMEET B CBOEM
COCTaBC MIECTb MACHTHUYHBIX IMPOLECCOPHBLIX 3JICMCHTOB, Ka)i(}lblﬁ N3 KOTOPLIX COACPIKUT CBUC cursainbHOro
npoueccopa ADSP-21160 ¢upmbr  Analog Devices u  Oydeproe 3Y tuna FIFO ans HakoruieHus pe3yJbTaToB
00paboTKM, MOAKIIOYEHHOE K OJHOMY W3 JIMHK-TIOPTOB. JTO IO3BOJISIET OCYIIECTBISITH BBITPY3KY pE3YJIbTaTOB
00paboTKM HE3aBHCUMO M3 KaXKIOTO IIPOIECCOpa B PEXHUME INPSIMOTO JIOCTyINa 0e3 MoTepy HMPON3BOIUTEIEHOCTH.
[Ipoueccopsl  00BEOMHEHBI B KiacTep IO NapauienbHoi mmHe. BBox mHpopmammu ot AL ocymectBisercs
TaK)Ke Yepe3 JIMHK-NMOPTHl HENOCPEACTBEHHO B MNaMsATh IPOIECCOpOB. PacrpeneneHne BXOAHBIX IAaHHBIX IIO
MPOLIECCOPHBIM 3JIEMEHTaM OCYIIECTBIIAETCS CIELUAIN3UPOBAHHBIM KOHTPOJICPOM, DPa3MEIIEHHBIM Ha IIIaTe
BBIYHMCIINTENBHOTO MOXys. HoMmuHambHAs POM3BOAWTEIBHOCTh BBIYUCIUTEIBHOTO MOIYJIS COCTABIISET
3600 MFLOPS.

KonnuecTBo HEOOXOJMMBIX BBIYHUCIUTENBHBIX MOyJIEH MOXKET BapbUPOBAThCS B 3aBUCHMOCTH OT TpeOOBaHMI
koHkperHoi PJIC. Pa3paboTaHHOE yCTPOWCTBO COIEPKHT YETHIpE BBIYMCIUTEIBHBIX MOmyis. llpemycmoTpeHa
BO3MOXHOCTDb YBCIIMYCHUS KOJIMYCCTBA BbIYUCIUTEIIbHBIX Mouyneﬁ J0 HICCTH. O61ua51 MMPOU3BOAUTCIILHOCTDH IIIIC B
MakcuMalibHO# KoHpurypauuu — 21,6 GFLOPS.

Ha BXoj BBIYMCIUTENBHBIX MOIyJeld mnocTymaoT HuppoBble curHanel or kaHanoB YVYIIC.  CurnHaius
CYMMapHOTO0 M BCIIOMOTaTEeIbHOTO KaHaJIOB 00paOaThIBAIOTCSI BBIYMCIUTENBEHBIME MOmyisiMu Ne 1...3, curHaibl
Pa3HOCTHBIX KaHAJIOB — MOAYJIEM Ne 4. B PeKMMax KOHTPOJISI BMECTO BXOJHBIX CUTHAJIOB UCIIOJIB3YIOTCA CUTHAJIbI
OT MOJ1yJIsl TU(POBOTO UMHUTATOPA.

VYnpapnstomass uHpopManus Iepea KaKABIM TAKTOM 30HAMPOBAHUS IIOCTYHNAaeT OT YIIPaBJIAIOLIEro
komnbiotepa (YK) PJIC Ha Momynb ympaBieHHS MO KaHalmy cBs3u ¢ mpoTokonoM HDLC w smekrpuyecKuM
uaTepdeiicom RS-485. DTOoT MOAYNB COAEp:KHUT JIBa TPOIECCOpHBIX 3nmeMeHTa Ha ocHoBe BUC ADSP-21160,
CBSA3aHHBIX 4epe3 MABYXIOPTOBOE OIEPaTHBHOE 3alloMHHaromee ycTpoiictBo. Ilepserit 1D  obOpabaTeiBaeT
YIPaBISONLYI0 HHpopManuio 1 GOpMHUPYET BpeMEeHHYI0 auarpammy padotsl YOC, BTOpo# peau3yeT ypaBlieHue
YCTPOMCTBOM WU BBINOJHSIET 3aKIIOUUTENbHBIC AITOPUTMBI OOpaOOTKM CHTHajla, HE MMCIONINE IMapaieIbHbIX
BETBEN.

Peanuzanus nocnenosatenbHo nocrynaomux 3aaad B YOC npou3BoanTCs B KOHBEHEpHOM pexxume. B cBszu ¢
pa3MuHBIMHM BpEMEHAMH 30HMPOBAHMUSI KOHBEWEp UMEEeT epeMEHHbIH TeMn padoTsl [1].

Boixoanas undopmarus YOC BbAaeTcs M0 JABYM KaHajlaM CBSI3U C 16-pa3psaHbIMu JaHHBIMH. [To mepBomy
kaHaiy Ha YK mepenaroTcs 3aKIIOYHUTENIbHbIE pe3yIbTaThl 00paboTKH, 0 BTOPOMY Ha MHIMKAaTOPHBIE YCTpOICTBa
BBIJIa€TCS IEPBUYHAS PAANOIOKAIMOHHAs HH(pOpMAaNus, T.€. OTKIUKH C(HOPMUPOBAHHBIX ONTHMAIBHBIX (QHUIBTPOB.

4. 3aka0ueHue

B HacTosiimee BpeMsl M3rOTOBICHO HECKOJIBKO OOpa3IoB ONMCAHHOTO ycTpoicTBa. [lomHOCTBIO paspaboraHo
MpoTrpaMMHOE oOecTieueHne Ul PemeHns 3a1a9 00paboTky cUrHanoB B KoHKpeTHOH PJIC. Pe3ynmpTaThl HembITaHmiA
noATBepANIH 3P PEKTHBHOCTD 3a7I0)KEHHBIX PEIICHUH.

ITpoBoasaTCst pabOTHI MO MOBBIIIEHUIO MPOU3BOAUTENLHOCTH YCTPONHCTBA IyTEM Pa3pabOTKH BBIYHUCIUTEIBHOTO
MoyJs Ha 6a3e curHanbHoro mporeccopa ADSP-TS101 (201).
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UNIT FOR DIGITAL SIGNAL PROCESSING OF RADAR SIGNALS
Dobrozhansky A., Zaytsev G., Tsipin L.
“Almaz” Scientific Industrial Corporation

Multiprocessing programmable unit for digital signal processing of radar signals is described. The unit has
throughput of 20 GFLOPS and is intended for optimum filtering, detection, and measurement tasks in multifunction
radars.

The usage of programmable equipment is caused by requirements of great throughput, real-time work mode,
and a lot of processed radar waveforms. The unit consists of two interrelated parts: multichannel analog gain-
converter channels (GCC) and programmable signal processor (PSP).

Main functions of the first part are controlled amplification, forming of signal bandwidth to be processed, and
analog-to-digital conversion. The number of channels in GCC is four: sum, two angle, and auxiliary radar channels.
All channels are identical. Analog signal bandwidth is restricted by surface acoustic wave bandpass filter.
Controlled amplifiers provide two independent automatic gain-control (AGC) loops: noise AGC and clutter-map
AGC. Analog-to-digital conversion is fulfilled by 14-digit converter on the basis of integrated circuit AD6645 from
Analog Devices Inc. The last stage of each channel is digital bandwidth former, which fulfills finite-impulse-
response digital filter, forming of quadrature channels, and decreasing of sampling frequency.

The PSP executes all necessary algorithms of signal processing. Programmable unit provides easy
implementation of multi-waveform processing and fast switching of work modes.

The PSP uses parallel structure of identical processing elements and pipeline method of solving for successive
tasks. This architecture provides high throughput, minimum delay of processing results, and zero latency for mode
switching.

The PSP contains the following functional modules, each of which is designed as a printed circuit board of 6U
dimension: processing modules, control module, signal simulator, output information controller, and
synchronization and testing module.

Main computational part of the PSP is processing module. It contains six identical processing elements on the
basis of integrated circuit of digital signal processor ADSP-21160 from Analog Devices Inc. All these processing
elements are connected in a cluster by parallel bus. Distribution of input information among processing elements is
performed by special controller. Maximum throughout of the module is 3600 MFLOPS. The unit contains up to six
processing modules. Thus, the throughput of the PSP on the whole is more than 20 GFLOPS.

Several samples of the unit were manufactured. All the programs for specific radar were debugged. Test results
confirm the efficiency of the used design strategy.

Upgrading of the unit is being performed by designing a new processing module with threefold throughput on
the basis of signal processor ADSP-TS101 (201).
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