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BBepeHue.

OpaHOM M3 BakHeWLIUX 3afad npy NpoBeAeHUM SKCMEPUMEHTOB S4EPHOr0 MarHUTHOrO pe3oHaHca
(AMP) Ha  ocHOoBe  MHOrOMMMYrbCHbIX  METOAMK  SBNAeTcs  (POPMUPOBAHUE  MMMNYMbCHbIX
nocneposartenbHocten. B aTolm  cuTyaumm  yCTPOWCTBO, UMEHyemMoe T[eHepaTop  UMMYNbCHbIX
nocneposatenbHoctenn  (FUM), BbicTynaeT B ponM  MHOFOBbLIXOLHOIO  reHepatopa  BpeMeHHbIX
nocrnegoBaTtenbHOCTE UMMNYNbCOB, OCHOBHOM 3aJayen KOTOporo sBnsieTcst popMyMpoBaHMe ynpaBnsoLLmX
BO3OENCTBMN 3aJaHHOW OfMTENbHOCTM B 3aJaHHbIi MOMEHT BpeMeHM Ha 3ajaHHOM (PYHKLMOHAarbHOM
Bbixoge. CyuectByeT BO3MOXHOCTb peLleHMs 3TOW 3afavM pasfuyHbiMKM crocobamu, B TOM 4ucne u
cosgaHue nporpammupyemblx M, ncnonbaysa anemMeHTbl XXeCTKOM Noruku [1] nnn Ha ocHoBe COBPEMEHHbIX
OOHOKPUCTarbHbIX MWKPOKOHTPOMMEPOB, MNO3BOMSIOWMX MOMYy4YMTb MHOTOQYHKLMOHANbHOe MNpOrpaMmMHO
yrpaenseMoe yCTPONCTBO C MarnbiMu rabaputaMmm u ManbiM SHepronotpebneHuem. [2].

Hanuuve nmat ananoroBoro v uudpoBoro BBOAa/BbiBO4A C  YCTAHOBIEHHLIM  CUTHAIbHBIM
NpoLleccopoM Ha nnarte No3BOoNisieT OTHOCUTENbHO AeleBO U BbICTPO pelwunTb 3agayvu ynpasneHua AMP-
3KCMEepMMEHTOM  UCMOnb3yst  LUM@POBbIEe  BbIBOABI ANA  peanu3auun  reHepatopa  MMMYMbCHbIX
nocrnepoBarenbHocTe M BBoda curHanos AMP-oTknuka B KOMNbIOTEP MPUMEHSII MPU 3TOM anropuTMbl
undpoBon 06paboTkn CUrHANoOB B peXrMMe pearibHOro BpeMeHM.

MHorve cuctembl, NpPUMEHSeMble B WCCNEeAOBaHUN SOEPHOr0 MarHUTHOro pesoHaHca (AMP)
pabotaioT B AuanasoHe 4actoT 5-50 Ml 1M no dyHKUMOHANBLHOMY COCTaBy BO MHOIOM HamnoMWHatT
Knaccuyeckve npvemo — nepegatwowme (pagvonokaumOHHbIE) CUCTEMbl KOPOTKOBOSTHOBOMO Avanas3oHa U
BHEApPEHUe annapaTHO-NPOrpaMMHbIX anropuTmMoB B 06racty uudpoBon o6paboTkm B TpakT npuema AMP -
CWrHana BroJsiHe pearnbHO M NMO3BOMUT KAYECTBEHHO NMOBLICUTb XapaKTePUCTUKN N3MEPUTENBbHBIX CUCTEM.

1. FeHepaTOp MMNYNbLCHLIX NOCNeAOBaTeNLHOCTEN.

B npepnaraemoi cucteme ynpasneHus ucnonb3oBanach nnata Beoga/sbiBoga Lcard-761 nmetowas B
ceoem coctaBe [NLIOC ADSP-2184. ®opmupoBaHve WMMMYNbCHOM MNOCNeAoBaTENbHOCTU B CUMBOJSIbHOM
BMOE M €e KOAMpPOBaHWe B Buae Tabnuvubl OEWCTBUA W BPEMEHHbLIX WHTEPBAanNoOB MNPOU3BOAUTCS
yNpaensitoLen NporpamMmmoni BEPXHEro YpOBHS W nepepaetcss Ans ucnonHewmst B O3Y  curHanbHOro
npoueccopa nnaTtbl BBoAa/BbIBOAA.

MporpaMmmMumpoBaHMe nocrneaoBaTeNbHOCTU 3aKMo4aeTcs B pa3bueHun ee Ha HEKOTOPOE KONMYECTBO
3MIeMEeHTapHbIX LaroB, KaXAbll W3 KOTOPbIX WMEET OnpederneHHyl, 3aJaBaeMylo OnepaTtopoM
ONMTENBHOCTL U onpefenieHHoe  genctBve. Takum  obpas3oMm, nNpyv  CO3O0aHUM  UMMYSIbCHOM
nocrnegoBaTeNbHOCTY NpegocTaBieHa BO3MOXHOCTb NMPOU3BOSbHOW Bapuaunvi BO34eNCTBUA B 3aBUCMMOCTU
OT Llenv NPOBOAMMOrO 3KCMEPMEHTA.

dopmart wara cnegywmn:

1cnoBo — 06pas UM poBbIX BbIBOAOB;

2, 3,4 cnoBo — ANUTENbLHOCTL LIAra;

5 cnoBo — HOMep cneaylLLLero NCNOMHAEMOrO Luara;

6 CrNoBO — KONMMYECTBO NEPEXOAOB Ha CreayloLWmMiA Wwar Ans opraHn3aummn LMKNnYecKux anroputMoB

AMP-akcnepumeHTa.

VMcnonHeHne curHanbHbIM MPOLLECCOPOM anropuTtMa 3KCNepyMeHTa Npou3BOOUTCS 3arpykKeHHOW B
Hero ynpasnsioLLen NporpaMMbl.
3agavamu ynpaensioLLEe NPorpaMmmbl, 3arpy>aemoi B CUrHarbHbIN NPOLLECCOp, ABMASIHOTCS:

= obpaboTka Tabnuupl Waro, nonyvyaemon ot IBM BepxHero ypoBHs;

"  reHepupoBaHVe UMMYNbCOB B COOTBETCTBUM C 3a4aHHON NOCNef0BaTeNbHOCThIO;

* npeaBapuTesnibHaa o0paboTka curHana (nony4YyeHne KBagpaTypHbIX KOMMOHEHT) U BPEMEHHOE XpPaHeHue
UX B LMKNMYeckom Bydpepe BHyTpEeHHEN NamMATV OaHHbIX;

* u3BeweHne OBM BepxHero ypoBHs 0 3anonHeHumn bydepa.

2. MNporpamma ynpasnexus MNAT.

Mocne 3arpysky ynpaBnsitoLler NporpaMMbl BO BHYTPEHHIOIO MaMsiTb CUrHanbHOro npoueccopa ¢ OBM

BEPXHErO YPOBHSI, MPOUCXOAUT BbINOTHEHNE CrEeAYOLWMX NPoLEeayp:

Init (vHMUKManu3aums nnaTel BBOAA/BbIBOAA):

1. 3arpyska Tabnuubl BEKTOPOB NpepbiBaHUS;

2. [epepaya napameTpoB 4epes3 nocnegoBaTefibHbIA NOPT B yNpaBnaloWMin MUKPOKOHTponnep AVR
AT90S2323, MWKPOKOHTPONSEp MOCfe 3arpy3kn HeoOXoauMbIX MapaMeTpoB Mnepesanyckaercs, U
HaYMHaET CaMOCTOATENbHO yrnpaenAaTb padoton AL 1 KomMyTaTOopa aHanoroBbiX CUrHaroB;

3. Hactpoiika nocrnegosatensHoro nopta SPORTO, Ha npuem gaHHbix ¢ ALIMT;

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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4. T[eHepupoBaHue npepbiBaHnsa B OBM BepxHeEro ypoBHsi ¢ COObLLiEHMEM O rTOTOBHOCTU Nnathl K padoTe;

5. Barpyska ¢ O3OBM BepxHero ypoBHs, B MNaMATb CUrHambHOro npoueccopa Tabnuupl Liaros,
koadpumumeHToB unbtpa. BeidbiBaeTca npepbiBaHve IRQ2 curHambHOro npoueccopa ansd 3anycka
06paboTymKa waroB NocrnegoBaTeflbHOCTY;

Work (BbinonHeHue anroputma ynpasnexus ['UIMM)

1. BbInonHeHne nocnegoBaTenbHOCTY;

2. Ecnu Ha ware Ttpebyetca nonyuntb aaHHble ¢ AL, To nporpamma Bbi3biBaeT npouenypy DSP, ecnu
HeT NPoAOoSKaET BbINOMHATL NOCNeA0BaTENbHOCTb.

DSP (BbinonHeHne anroputma KBagpaTypHOro npeobpasoBaHusl)

1. Tpouenypa nonyveHus otcyetos ¢ AL, obpabaTbiBaeT BxogHOWM NOTOK AaHHbIX ¢ AL B cooTBeTCTBMU
C anropMTMoMm LndpoBor 06paboTKM CUrHamnoB, COXpaHSAET KBaapaTypHble KOMMOHEHTbHI BO BPEMEHHOM
KonbLeBoMm Oydepe, npu 3anonHeHue Oydepa, BblAaeTca curHan npepbiBaHMs B OBM BepxHero
YPOBHS;

OO6paboTumk LWwaroB, MPOM3BOAMT CuUMTbIBaHME W3 Tabnuubl, pacno3HaBaHWe [OEWUCTBUS, U
BbIMOMTHEHME 3TOro AencTBuUs. MuHMManbHas OnuTenbHOCTb wara 1Mkc. [Onsg aktuBm3aumm Kakoro-nmto
UMcpoBOro KaHama MPOM3BOAMTCA 3anMCb B MPOCTPAHCTBO BBOAA/BbIBOA4A YMUCNA, BbIXOAHbIE JIUHWM
yCcTaHoBATCSH B TpebyemMble COCTOSHNS B COOTBETCTBMU C BTaMmn 3anncbiBaeMOro 3Ha4YeHus.

Mpumep:

AX0=0;
10(0)=AXO0;

Bo BTOpOM - 4eTBEpPTOM CroBax Luara XpPaHUTCHA 3HAYEHWE ANUTENbHOCTU B €4MHULIAX TaKTOBOM
4YacToTbl NpoLieccopa. OTO 3HAYEHME 3arpy’KaeTcsi B CHETUMK U Tanmep. OnnTenbHOCTb akTMBM3auum kaHana
oTpabaTbiBaeTCA TAaNMEPOM U CHETHMKOM.

AX0=DM(I0,M1);
DM(TPeriod_Reg)=AX0;{peructp nepmoga}
AX0=DM(I0,M1);
DM(TCount_Reg)=AX0;{peructp Tarimepa}
TPeriod_Reg, TCount Reg, TScale_ Reg — sBnawTcsa npegonpeaeneHHbIMU KOHCTaHTaMu, UMetoLue
3HaveHusa 0x3ffd, Ox3ffc, 0x3ffb cooTBeTCcTBEHHO. JTO agpeca pPerncTpoB B MaMATU AaHHbLIX CUrHaIbHOro
npoueccopa. [ocne npepbiBaHWsi TaliMepa ero 3HavyeHne oGHOBNSETCSA U3 perncTpa nepuoga.
AX0=DM(I0,M1);
CNTR=AXO0;{3arpy3ka c4eT4ymnka}
ENA TIMER;{3anyck Tanvepa}
DO wait_again UNTIL CE;{}
IDLE;{}
wait_again:NOP;{}

lMepexon Ha crneayloLwWwmin War NPOUCXOANT NyTeM 3anncu B permcTp KOCBeHHoW agpecuuun 14 agpeca

crnepgytoLlero wara.
AX0=DM(I0,M1);
14=AXO0;
JUMP (14);

VMcnonb3oBaHue curHanbHOro npoueccopa no3sonuno nonyqnts MMM co cnegyowmmm xapakTepucTukamm:

MuHumanbHasi NPOAOIMKUTENBHOCTL MMMNYIbca — 1MKC;

[NCKpeTHOCTb YCTAHOBKM BPEMEHHOMO NonoXeHus nmnynsca— 30 Hc;

CrabunbHocTb (At/t) — 10°°.

LUundpoBas obpaboTka curHana.

OanHble AL nepepawoTca B CUrHanbHbI - npoueccop  Yepe3  BydepesnpoBaHHbIN
nocrnegoBaTenbHbI NOPT. Hag nonyyYeHHbIMW AaHHBIMY NMPOU3BOANTCS KBagpaTypHas obpaboTka B pexume
pearibHOro BpeMeHM.

3HayeHus CUHyca M KOCWHYCa XpaHUTCA B OOHOM LMKNudeckoM bydepe cos_sin| ]-
IS
lMepBoHauyanbHO, ykas3aTenb Ha 3HadeHus cuHyca (I5) yctaHaBnmuBaeTcsi Ha NepBbli anemMeHT Oydepa,
ykasatenb Ha 3HayeHus kocuHyca (I6) Ha BTopon anemeHT. OTcueT ¢ AL cHavyana nepemHoxaeTcs Ha
KOCWHYC K nogBepraeTca unbTpauun umdposbiMm dunetpom LIP1, TOT e OTCHET nepemMHoXaeTca Ha
CVHyC 1 noasepraeTcsa punbTpauum LId2. MepenaTtouHble xapaktepuctuku Lid1 n LUdO2 naeHTuyHbI.

KV:

MX0=RXO0:{}

MY0=PM(15,M4);{}
MR=MX0*MY0, MY0=PM(I6,M4);{}
DM()=MRO;{}
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MR=MX0*MYO0;{}
DM()=MRO;{}
CALL Cos_Fir;{}
CALL Sin_Fir; {}
RTI;{}

Mpoueaypbl Cos_Fir n Sin_Fir peanusytot umdpoBbie unbTpbl 32-ro Nnopsiaka ¢ NIMHEeNHOW dha3oBow
XapaktepucTukon. Hosble AaHHble cknaabiBatoTca B Oydep ana obmeHa ¢ 3BM BepxHero ypoBHs. 1o mepe
3anonHeHus Gydepa obmeHa curHanbHbIN Npoueccop reHepupyeT npepbiBaHne B 3BM BepxHero ypoBHs.
O6paboTunk npepbiBaHWs cunTbiBaeT Oydep B naMaTn CUrHanbHOro npoueccopa no kaHany IDMA.

Monoca 4actotr obpabaTbiBaeMass Ha AdaHHOW nnate orpaHudeHa 6GbicTpogencteuem ALIM (500 klu).
CurHanbHbIV npoleccop no3songet obpabatbiBath nonocy Ao 500 Iy npu ncnons3oBaHun punbTpoB 8-ro
nopsigka Ha nnartax ¢ wupokononocHsimn AL (Lcard — 7xx).
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USING DIGITAL SIGNAL PROCESSOR ADSP-2184 IN NUCLEAR MAGNETIC RESONANCE CONTROL

SYSTEM
Ayzatulin O., Bochkarev V., Teplov V.
Kazan State University

The Abstract.One of the most important problems in experiments of nuclear magnetic
resonance (NMR) based on multipulse methodics is pulsed sequences generation. Availability in
selling the boards of analog and digital i/o with placed signal processor on board allows
comparatively cheaply and quickly solve the problem of input analog NMR-signals in computer using
algorithms of digital processing in realtime simultaneously, as well as use the digital outputs for
realization the pulsed sequences generator

Many systems, have used in study of nucleus magnetic resonance work within the range of
frequencies 5-50 MHZ and on functional composition in many remind classical receiver - transceiver
system of short-wave band, i.e. introduction hardware-programme algorithms in the field of digital
processing in tract of receiver of NMR - signal wholly real and will allow qualitative to raise the
features of measuring systems.

The Pulse Sequences Generator.In control system which was realized there Lcard-761 board has
used. There is ADSP-2181 signal processor on board. The sequence of step is forming in symbolic code on
PC and transfered in DSP internal memory.

Programming of pulse sequence is lie in partition it on a certain amount of elementary steps, each of
which has determined duration and action. Thereby, when making the pulsed sequence is presented the
possibility free variation influences depending on purposes of conducted experiment.

The format of step is:
1 word - digital outputs image;
2, 3, 4 words — step duration;
5 words - next step number;
6 words - amount of transitions to the next step.
Problems which DSP solves are:
processing the table of steps;
pulse sequences generation
signal preprocessing (getting quadrature signals) and saving it in temporary buffer;
interrupt PC when the buffer is full.
Using the signal processor allow to get the pulse generator with following features:
Minimum length of pulse — 1us;
Discrete - 30 ns;

Digital Signal Processing.Data from ADC are sent in signal processor through buffered serial port.
Samples multiplies by sin(x) and cos(x), and then is subjected to the filtration by the digital filter FIR1.

Values of sine and cosine is kept in one cycle buffer cos sinf[1 1 1 1 ]. Originally, pointer of

V22T 27 2

values of sine (15) is fixed on first element of buffer, pointer of values of cosine (I6) on the second element.
Getting quadrature signal procedure is:

KV:

MX0=RXO0:{}

MY0=PM(15,M4);{} MR=MX0*MY0, MY0=PM(I6,M4);{} DM()=MRO;{}

MR=MX0*MYO0;{}

DM()=MRO;{}

CALL Cos_Fir;{}

CALL Sin_Fir; {

RTI;{}

The procedures Cos_Fir and Sin_Fir realize the 32" order digital filters with linear phase feature.
New data fill in buffer for reading by PC. When the buffer is full DSP generates interrupt signal for PC




