AOEMOAYNATOP AHAJITOFOBOIO YM CUIHAIA

Ynpkos A.B.
CaHkT-lNeTepbyprcknii rocyaapCTBEHHbIN SMIEKTPOTEXHUYECKUA YHUBEPCUTET

B Hactosiliee Bpemsi, Grnarogaps OypHOMY pas3BUTUIO paguvo SfeMEHTHOM ©0asbl, a WUMEHHO,
cneLmanmanpoBaHHbIX LMApPOoBbIX curHanbHbix npoueccopos (LICIM) ana obpaboTkm curHanos, BO3MOXHO
co3faHne B ObICTpble CPOKM MOLUHBIX NPOrpaMMHO-annapaTHbIX KOMMMEKCOB AN OBHapyXeHus wu
JekoavpoBaHusa (gemoaynauuu) paguocurHanoB C HEU3BECTHbIMM NapameTpaMu: BUAOM  MOAyNnAummn,
CKOPOCTbIO nepefadn wuHdopmMauun Ans UUEPOBbIX CUTHAMNoB (pasnuyHas crnekTpanbHas nonoca
paguocurHana cMm. puc. 2). YHMBepcanbHOCTb 3TUX KOMMMEKCOB 3aKkNiovyaeTcsl B U3MEHEHUU anropuTMOB
aemoaynauumn Ha nporpammHom ypoBHe ans LICI. C uenbio yHMBepcanbHOCTU anropMTMOB, NepeHoca Ha
pasnuyHble Tunbl LICIT, nx nuwyT Ha s3blkax NporpaMMmnpoBaHnst BbICOKOro ypoBHs C, pexe Pascal.
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H AD6620
Mny - NMPOMEXyTOoYHas YacToTa
uyr - UndppoBon ynpaBnsaembli reHepaTop
a - geunmaTop
OHY - DUNBLTP HMKHUX YacToT
Mno - NnpeobpasoBaternb hopMaTa BbIXOAHbIX AaHHbIX
MLIOC - mogynb uncpoBon 06paboTkm curHana
LUAM - yndppoaHanoroBbin NnpeobpasoBaTenb

Puc. 1. YHnBepcanbHbii AeMOAYNATOP pagnocurHanos

CTpykTypHasi cxema TakoW CUCTeMbl npeacTaBneHa Ha puc.1 [5]. PyHKUMOHANbHO CTPYKTypHas
cxema cocTouT u3 Tpéx vacten: 16 paspsgHoro LIAT, geuumatopa AD6620 n MLIOC. OuHamuyeckun
AmnanasoH BXOQHOrO curHana geummaropa orpaHuyveH 16 paspsgamum, us-3a yero n LIAI yenecoobpasHo
BblOMpaTh A0 16 paspsigoB. bonblwon nnc geumMartopa B TOM, YTO €r0 MOXHO HanpsMyr nogknyath K
LICI, B kavecTBe npoctoro MLIOC, Ton e dupmbl Analog Devices, Hanpumep, SHARC nnn ADSP-21xx.
B 6onee cnoxHom BapuaHTe MLIOC moxeT coctoaTb u3 Heckonbkux LICIT ¢ noctpaHuyHomn obpaboTkon,
Mpn KOTOPOW NPOUCXOAWT HenpepbiBHAsA 3annck curHana (kaHanel | 1 Q) B oguH 6aHk onepaTnBHOM NamATK
n obpaboTka yxé paHee 3anucaHHoro 6aHka.

Takas cxema yHuBepcarnbHOro AemoaynaTopa paavoCUrHaroB MO3BOMSIET MEPEHECTU CrekTp
paguocurHana A nonocon 2ws C pagmoyacTtoThl ), Ha BuaeoyactoTy B (cm. puc. 2) n nonyuutb ABe
OpTOroHarnbHble Npoekuun BuaeocurHana (puc. 3) [4].

Knaccuuyeckaa cxema koppensumoHHoro npmémHuka YM curHana npegcrtaBneHa Ha puc. 4 un
onucbiBaeTcs BbipaxeHuem [2,3]:
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Puc. 2. lNMepeHoc paguocurHana ¢
paaMo4acToThl Ha BUOEOYacToTy.

@2002, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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J=Qo-1'm (1)

roe I'Q' — 3apepxaHHble KBagpaTypbl Ha BenuuuMHy T=27Mws. Ecnu npousBectM WHBEpPCUIO
Bblpa)keHunsa (1), To Nnony4mum

J=1'm-Qo @
BolpaxeHus (1) n (2) otnuyaroTcss 3HakOM BenuuvH J u J' M Ons curHana ¢ adanoroson YM
pasnu4yaroTcs HanpaBleHNEM NPOTEKAHUS TOKa Yepes Harpy3Ky (AMHaMUK).
YacToTHas xapakTepucTuMka KOppensuMOHHOro MpuEMHMKA, MpeacTaBneHHas Ha puc. 5,

BblpaxkaeTcs Kak [2]
roe -2 T<f<2m/T.

A
sin(wt T N 3
S(t
AI ( T ) T
cos(wt Q
QO 5 )
Puc. 3. BekTopHasa anarpamma. Puc. 4. KoppensaumoHHbIA MPUEMHUK.

U, =k@in2mF) @)

S =1+ jm =|s|Hsn (t)+ jos (wt)) = [s|ee'™® (4

HepoctaTtkoM cxeMbl KOpPpPensuMoHHOro npuémHuka YM curHana sBnseTcs HeMHEeWHOCTb
4YacTOTHOM XxapakTepucTukm (puc. 5). Ecnu 3apaTtbCs KOI(PPUUMEHTOM HENUHEWHOCTU O, TO MOXKHO
paboTtaTtb NuWb Ha HEOONbLIOM Y4yacTKe CUMHYCOMAANbHOW XapaKTepucTuku. ITOT napameTp Oyger
XapaKkTepun3oBaTb HENMUHEWHOCTb AEeMOOYNMPOBAHOrO aHanoroBoro curHana YM. Ecnu ymeHbwats O
(0-0), TO Mbl Gygem npubnuxaTbCsl K JIMHEWHOMW 4YacTOTHOWM XapaKTepUCTMKKU, YTO NpuUBEOET K
YMEHBLUEHUIO AMHAMUYECKOro Auanas3oHa BbIXOOHOrO CurHama, a 9To, B CBOKW oyepedb, YXyawwuT
OTHOLLEHNE CUrHan/Lwym.

AU(ou
6) 5
\
S/ o >
a)/

Puc. 5. YactoTHasa xapaktepuctmka
KOpPENSILMOHHOTO NPUEMHUKA B
noroce

a) CMHycounpganbHas; 6) nMHenHas.

b, caln) o = ace @)-acg Qu/1) o1y ®)

T ¢ T

BepHEMCSA K BEKTOPHOWN guarpaMmme 1 3anuwiem curHan B KOMMfeKcHon dhopme:

roe |S| =41 2 +Q2 7] ¢ = arctg(Q/I ) Bcs nepepaBaemas nHdopmaums B UM curHane Haxogutcs B
dase (yrme) ¢ 3TOro e curHana, no3ToOMy AaHHbIA BUMA MOZYNALUUKM Ha3biBalOT €€ Kak yrrosas
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mogynsaumsa [1]. V3 npegcrtaBneHvs curHana B KOMMJIEKCHOM BMAE BWAHO, YTO anropMtM AeMOogynsaumm
3aKMYaTCs B BbIYMCIEHUN (DYHKLUMU apKTaHreHC OTHOLLUEHWs KOCUHyca M cuHyca. B utore momydaetcs
NMHEHasa YacToTHasi XapakTepucTmKa B rnoroce s (puc. 50):

AnroputM  geMogyndtopa Ha OCHOBE BbIYUCIEHMS apKTaHreHca [JaéT  BbIUMPbIW MO
NMOMEXOYyCTONYMBOCTU Ha 6 A6 (2 pasa) [2,3] N0 CpaBHEHMIO C anroOpUTMOM KOPPENSILUOHHOIO NPUEMHMKA,
NpM4EM y MNepBOro anropytMa BO3MOXHO YBEIMYEHME MOMEXOYCTOMYMBOCTM 3a CYET YBENU4YeHus
3agepxkn T B m pas. [laHHbIN anropuTM OMUCLIBAETCH BblpaXXeHUEM:

roe Q'm, I'm 3agepkaHHble curHanbsl Ha mT; F(Q,l) dyHKumnsa koppekumm asbl, KoTopas BBOOUTCS B
cuny cneumduku peanusaummn dyHkLMKn atan() nnu atan2() Ha asbike C.

MicxoaHbIM  TEKCT OYHKLUMM  aBTOKOPPENSAUUOHHOrO AeMoaynatopa npueedeH B nuctuHre 1;
DyHKUMW, peanusyoLlni BelpaxkeHne (5) B NUCTUHre 2. Anroputmel 6binmM oTpaboTaHbl Ha UcnbITaTENbHOM
CTeHOe C MCcnonb3oBaHWeMm oTnagoyHon nnatbl oupmbl Analog Devices EZ-KIT Lite ¢ npoueccopom
SHARC. Bpems BbINONHEHUS anropnutmMoB coctasnsieT 6,5 Mkc 1 11,5 MKC COOTBETCTBEHHO NPWU TakTOBOW
yacTtoTe npoueccopa 40 Mry. Ha nnaTty nogasanuchk KBagpaTypHble curHanbl nonocon 2,5 klu. Yacrtota
cnenoBaHust oT4e€ToB 48 KL,

JlnctuHr 1

/* Onucanye TJOOAJIbHEIX [EePEMEHHHX */

float 10, Q, 11=0., Q=0., 12=0., @=0., 13=0., @@B=0.
float RSSI, dRSSI;

float alfa = 0.001; /* nomnoca ®HY */

int rx_buf[3]; [ * npuémueni Gybdep */

int tx buf[3] = {0Oxcc40, 0, 0}; /* Bybep Ha nepemauy */
/*****;**********************************************************/
/* */
/* ObpaborTunk npepoiBaumi DMA npuémHuka nociemoBaTedbHOTO nopra ¥/
/* */

/****************************************************************/

voi d spr0_asserted()

{
10 = rx_buf[1]; /* Ksamparypa | */
Q = rx_buf[2]; /* Keanparypa Q */
RSSI =dRSSI +al fa* ( (| 0*1 0+Q0*QV) -dRSSI ) ; /*
BrlunciieHne MOOYJIS curHasa 128 ero CIJlaxrBaHMe ®HY,
peanmM30BaHHOT'O II0 PEeKyppeHTHOM (opMmysie kak BUX- ¢unbTpa 1-
To nopspka */
dRSSI = RSSI
I0 = I0 / RSSI; /* HopmupoBka keBampaTypel | */
Q@ = Q / RSSI; /* HopumpoBka KBampaTypel Q */
tx_buf[1]=(13*Q0-10*@@B)*10000
13 =12; /*
12 =11;
11 =10; Peanusauus JIMHUM 3anepxky Ha T
@ = Q@
Q@ = QL
Q = Q; */
}

JlncTtuHr 2

const double PI = 3.14159265358979323846;
/* OnucanHye TJIOOAJIbHEIX I[IEPEMEeHHHEX */
float 10, Q, Fi0=0, Fi1l=0, Fi 2=0, Fi 3=0, Fi4=0
int Sgn(float a) /* OyHKUMS BHUMUCJIEHMS BHAKA BEJIMUMUHE a */
{
int s=0;
if (a<=0)

s=-1;

el se

s=1;

return s;

/****************************************************************/

/* */
/* OBpaborumk npepeBanuii DMA nprémHMka MOCIemoBaTEeJIbHOTO nopra */
/* */

/****************************************************************/
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voi d spr0_asserted()

{

el

10

rx_buf[1]; /* Kesamparypa | */

Q rx_buf[2]; /* Keamparypa Q */

Fi 0O=atan2(10, Q) +(1-Sgn(10))*PI;

tx_buf[1] =(((FiO-Fi4)/Pl- /* Bamepxxa ua 4T (n¥4) */

/* Peanmmzauusa OGyHKUMM Koppekumum Gaser */
(1-Sgn( Pl -abs(FiO-Fil)))*Sgn(FiO-Fil)-
(1-Sgn(Pl-abs(Fi 1-Fi 2)))*Sgn(Fi 1-Fi 2) -
(1-Sgn( Pl -abs(Fi2-Fi3)))*Sgn(Fi 2-Fi3) -
(1-Sgn(Pl-abs(Fi 3-Fi4)))*Sgn(Fi 3-Fi 4))*10000) ;

Fi 4=Fi 3;

Fi 3=Fi 2;

Fi 2=Fi 1;

Fi 1=Fi O;

INutepartypa
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65 MSPS Digital Receive Signal Processor AD6620, Analog Devices, Inc., 1998, U.S.A.
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THE DEMODULATOR OF ANALOG FM OF A SIGNAL
Cirkov A.

Now, due to rough development of a wireless of element base, namely, specialized digital signal
processors (DSP) for a signal processing, the making in fast terms of bull soft-hardware complexes for
detection and decoding (demodulation) of radio signals with unknowns of arguments is possible: by a
kind(view) of modulation, information rate for digital signals. The universality of these complexes is
encompass by a modification of algorithms of demodulation at a programmatic level for DSP. With the
purpose of a universality of algorithms, transposition on different types DSP, them write on high-level
languages C, less often Pascal.

Functionally skeleton diagram consists of three parts: 16 digit DAP, decimator AD6620 and DSP.
The volume range of an input signal decimator is limited to 16 bits, because of what and the DAP is
expedient to select up to 16 bits. It is possible directly to include a major plus decimator that it to DSP, for
example, SHARC or ADSP-21xx.

Such scheme of the general-purpose demodulator of radio signals allows to transfer a spectrum of
radio signal a band 2/ from a radio frequency «, on a video frequency and to receive two orthogonal
projections of video signal.

The classic scheme of the correlation receiver of FM of a signal is described by expression [2,3]:
J=Q'[I#I'Q, where I', Q' - delayed quadratures on value T=2[¥ a;. If to make inversion of expression (1), we
shall receive J=I'[Q-Q’' [ The first expressions and second is differ familiar of values J and J' and for a
signal from analog FM differ by a direction of weep of a current through a load (dynamics).

Defect of the scheme of the correlation receiver of FM of a signal is the nonlinearly of frequency
characteristic. If to be set by a Jrating factor, it is possible to work only on a small segment of sinusoidal
performance. This argument will characterize nonlinearly demodulation of an analog signal of FM. If to
reduce d (6-0), we shall come nearer to linear frequency characteristic, that will put to reduction a volume
range of an output signal, and it, in turn, will worsen a signal-to-noise ratio.

Let's return to a vectogram and we shall record a signal in the complex form:

S’ =/+jL0 =|S| [(Sin(at)+jﬂ:os(at))=|S| ™, where |S| =\I’+0Q* and ¢ =arctg(Q/I)_ All

transmitted information in FM a signal is in a phase (coal) ¢ of the same signal therefore sectional kind of
modulation call as an angle modulation [1]. From submission of a signal in a complex kind it is visible, that
algorithm of demodulation will be encompassed in function evaluation an arctangent of attitude of cosine
and sine.

The algorithm of the demodulator on the basis of calculation of an arctangent gives a prize on a
noise immunity on 6 db (2 times) [2,3] as contrasted to by algorithm of the correlation receiver, and for the
first algorithm the increase of a noise immunity is possible at the expense of increase of delay T in m of
time.

The source text of a function of the correlation demodulator is adduced in listing 1; functions
realizing expression (5) in listing 2. The algorithms were fulfilled on the test bed with usage of debug plate
of firm Analog Devices EZ-KIT Lite with the processor SHARC. The run time of algorithms constitutes 6,5
ps and 11,5 ps accordingly at clock rate of the processor of 40 MHz. On plate the quadrature signals by a
band 2,5 kHz moved. Frequency of following of the reports 48 kHz.




