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PedepaT: B pabore paccMaTpuBarOTCs OCOOCHHOCTH IPOCKTUPOBAHMS LHQPOBBIX JEMOMYIATOPOB CHTHAJIOB C YacTOTHOM
mauunymsinueit Ha [TJIMC. [pemnaratoTes myTH NOCTPOCHHS KaK IEMOIYJISTOPOB, TAK M CUCTEM BBIACICHHUS CHHXPOUMITYJIbCA.

BBenenune

B mocnexnue nBa-Tpu roga y Hac B CTpaHe U 3a pyOekOM pe3Ko BO3pOC MHTEPEC K BOIPOCY MPOSKTUPOBAHUS
nU(POBBIX  PAAMONPHUEMHBIX YCTPOMCTB, TpeTHA3HAYCHHBIX JJIs TMpHeMa CUTHaJIoB ¢ dactotHod (UMH)
MaHumysued. [IpuunHa Takoro BHUMAHHS CO CTOPOHBI pa3pabOTYMKOB — TMOSABICHHWE HOBBIX AITOPHTMOB W
2JIEMEHTHOU 0a3bl, MMO3BOJISIONICH X pean30BaTh. L{enb maHHO# pabOThI- IMOKA3aTh MyTH peau3allii COBPEMEHHBIX
AITOPUTMOB JEMOAYISIMK CUTHaMoB ¢ UMH, He TpeOyIomHUX 3aMKHYTBIX MHOTOIICTIIEBBIX CXEM aBTONOICTPOHKH,
peanu3anys 1 HaCTpOilka KOTOPBIX YPE3BbIUAHHO CIOXKHA.

AaropuTmMbl QYHKIHOHMPOBAHUS U CTPYKTYPHBIE CXeMbI Y3J10B 1€MOIYJ/ISITOPOB.

[Ipu mocTpoeHUM AEMOIYISATOPOB HCIIONB3YETCS aHAJIOroBOC (OPMHUPOBAaHHE KBaapaTtyp W IQpoBoe
BOCCTaHOBJICHHE CUMBOJIOB U CUMBOJILHON 4acTOTHI, peanu3oBannoe Ha [TJIMC.

Hmwxe mnpuBenmeHo ommcanue Kaxaoro u3 0mokoB B cocraBe IIJIMC: nerektopa UMH — curHama u
cuHXpoHn3aropa. OnpeneeHbl MPEUMYIIeCTBa KAKIOHW U3 TIPEIaraeMbIX CXEM.

HderexkTop UMH - curnaJa.
JanHblii OJOK mNpefHa3HaueH Uil NpeoOpa3oBaHUsl HCXOAHOTO MOIYJIHMPOBAHHOTO pAaJMOCHUTHANIA B
MIOCJIEA0BATENILHOCT  MPSIMOYTOJIBHBIX ~HMITYJIbCOB, MOSIBISIIOIIUXCS C YacTOTOM CIEJOBAaHHMSA CHMBOJOB U

o6nanaromux Toif ke MONAPHOCTHI0. YacToTa MCXomHOro paauocurHana papua f = fi —Af /2, ecin nepenaercs
cumBon “0”, u f = f, + Af /2, eciu nepenaeTcs cumBod “1”; pu stom, o Texanueckomy sagannio, AfT. =1, rue

TC - JJIUTCIBbHOCTh CUMBOJIA (I/IHI[eKC MOAyJIALIWKU €AMHULIA, CUTHAIT 6e3 pa3pbiBa (1)3351). Takum o6pa30M, U3MEpeHUe

pasHoctH ( f — f ) - 5TO M ecTb Ta oneparus, KOTOPYIO JIOJDKEH OCYIIECTBIATE AeTeKTOp. IIpn HaNMYUM OTCUETOB
KBaipaTyp McxonHoro pamuocurana S, u Cp, k=0, 1, 2 u T. 1., BeIMuuHa ( f — f, ), MOKET ObITh BHIYUCICHA
CIEYIONIM 00pa3oM:
Skck—l_cksk—l .

SZ+C}

Otcroa BhITEKaeT CTPYKTYpHAsI CXeMa JIETEKTopa, KOTOpasi puBeieHa Ha puc. 1.

(f=Foh =5

Puc.1.

IIpeumymiecTBa mpeasaraeMoro ajaropurma aemoayisauud UYMH - curnana:
- JIETEKTOp He TpeOyeT TOYHOW HACTPOMKH KBaapaTypHOro TeHepaTopa (puc.l) Ha HacToTy f 0> 4710

MTO3BOJISIET €My YCTOMYMBO (PYHKIIMOHMPOBATH MU 3HAYUTENBHBIX (m0 30%) yxomax 9acTOTHI BXOJHOTO CHTHAJIA
BcneactBue 3¢dexra Jormiepa;

2 2 o
- omepanus jaeneHns Ha aByaineH S; +Cj He ABIseTcs 003aTENbHOM, eClM IMHAMHKA BXOJHOTO CHTHAIA

HEBEeJIMKa JIN00 CTAOMIIM3aITHsl aMILTUTYABI OCyIIecTBisieTcs ipu oMo APY B BU — TpakTe;
- WHBapUAHTHOCTH ANTOPHUTMa K (pa3e OMOPHOrO0 W BXOJHOTO CHTHAJIOB, @ TAKKE K aMIUIUTYAE BXOIHOTO
curHaina (py HAJTMYUH HOPMHUPYIOMIETO MHOXKHUTEIS) YBEIUNIHBACT IOMEX0YCTOMIHBOCTD.

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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CuHXpoOHU3ATOP

IIpu mocrarouno Oombmx oTHomeHwsx curHar/myMm (OCII) wHa Bxome memoxmymsitopa (20 - 30 nb)
BOCCTAHOBJICHHYIO TIOCJICOBATEILHOCTE CHMBOJIOB MOYKHO CHUMATh HEMOCPEICTBEHHO C BBIXOZA AeTekTopa. OmqHaKo
npu cHmwkennn OCII (mo 10 - 15 nb) dopma curHama Ha BBIXOJE NETEKTOpa HAYMHACT MCKAKATHCS (MOSIBIISIOTCS
JIOKHBIE TIepenasabl, CMenleHne (ppOHTOB MO BPEMEHH H T. I.). I109TOMy Ha BBIXOJ JETEKTOpa ITOAKIIOYAETCS eIle
OIUH OJIOK — CHHXPOHM3ATOp, MpEeTHAa3HaYCHHE KOTOPOr0 — BOCCTAHOBHUTH MCTHHHYIO (OPMY AEMOIYINPOBAHHOTO

PaIMOCHTHAA 3a CYET ero HAKOIICHWS M aHamu3a B Tedenne [N MOADSI MIAYIIMX CHMBOIOB (B ONICAHHOMN Jaee
Bepcun  gemoxyisitopa N =10). CuHXpoHm3aTtop peanu3yeT ONTHMAibHBIA (10 KPUTEPHIO MaKCHMyMa
MIPaBAONONO0HS) AIrOPUTM OLIGHKH CHIHala IpsAMOYroibHOH (opMbl Ha (oHe OeJloro raycCOBCKOro IIyMa.
BoccranoBneHuio mnozjiekar HMCTHHHBIE MOMEHTBHI CMEHBI CHMBOJIOB B HCXOJHOM pajHOCHTHane (TakToBas
CHHXPOHM3AIMA), & TAK)KE NCTHHHAS TTOJISIPHOCTH CHMBOJIOB.

Puc.2

I'aBHBIMH dJ€MEHTAMHM CHHXpOHHU3aTopa (puc.2) ABIAIOTCS JuHKA 3anepkkd Ha N * M orcueroB (M -
YHUCJIO OTCYETOB Ha cuMBonl), U (N +1) cymMMaTopoB, pealusyroIIUMX ONEPaldi0 HakorieHus. CHHXpOHH3ATOP

(YHKIMOHUPYET CIIEAYIOMNM 00pa3oM: KaXKIbIi OTCYET BXOJHOTO CHUTHAjJa IOPOXKIAET CIABHI B JIMHUM 3a/ICPKKH,
MOCNC YEro BBIYMCISIOTCS CYMMBI Kaxnpix M HOAPSA HAYIMIMX OTCYETOB, OMPEACISIIOTCS HX MOAYIH H
MPOU3BOAUTCS yCpenHeHHe pe3yibTatoB o N cymmam (cumBonam). Ecim B Kakoi-To MOMEHT BpEMEHH Kax[oe
cymmupoBanue (1o M oTcueram) OymeT MPOU3BOAUTHCS BHYTPH OJHOTO CHMBOJIA, 3HAYCHHE YCPEIHEHHOIO CHIHAA
OyZeT MakCUMaJbHBIM, Ha BBIXO/IE IOPOTOBOTO yCTPOWCTBA (pHC.3) MOSBUTCS CHHXPOUMITYIBC, U B 3TOT JKE MOMEHT
OyIyT CUNTaHBl 3HAKN HAKOIUIEHHBIX CyMM, C BBICOKOH BEPOSITHOCTHIO COBHAJAOIINE C TIOIIPHOCTSIMU CHMBOJIOB.

K npenmymecTsam npenyaraeMoro alropiuTMa cieayeT OTHECTH:

- BBICOKYI0 3((eKkTHBHOCTh (YCTOHYMBOCTH K IOMEXaM, K YXOAY YacCTOTHI CJICJIOBAHUS CHMBOJIOB OT
HOMHHAJIEHOH, K CHI)KEHHIO YacTOTHI TUCKPETU3ALNH U IIP.);

- c1ocOOHOCTH TOYHO BOCCTAHABIMBATH MOMEHTHI CMEHBI CHMBOJIOB BO BXOJHOM CHTHAJIE IPU JUIMHHBIX (10
N —1 BrIIOYUTENBHO) cepusix “Hyned” W “emNUHUL”, IPHYEeM B KOHIC CEPUH OTCYTCTBYET MEPEXOHBIH Mmpolece
(HampaBIiIeHHBII Ha yCTpaHEHHE HAKOIIEHHOHM OLIMOKH), YTO XapaKTEPHO JUIsl aHAIOTOBBIX YCTPONCTB;

- HaJIMYKME Ha BBIXOJE ACMOIYISITOpa ONHOBpeMEHHO N TOAPSAA HAYIIMX CHMBOJIOB, YTO MOXKET OBITh
Ba)KHO IIPH KOPPEISILMOHHON 00paboTKe MOTOKA IaHHBIX (HapuUMep, IPH MOUCKE CHHXPOIIOCHUIOK);

- MIPOCTOTY Olepanuii (CyMMHUpOBaHHUE, CIBUT) U XOPOIIYIO aJanTalyio K peanusauuu Ha 6aze ITJIMC, gro
HE XapaKTepHO ISl OOJIBIIMHCTBA TPaJULIMOHHBIX aJTOPUTMOB, COJEPIKAIINX NETIIN 00paTHON CBSA3M (CHHXPOHHU3ATOP
C 3aI1a3/IbIBAIOIINM 1 OIIEPEKAIOINM CTPOOMPOBAHHUEM U JIIP.).

Peanu3anus anropurmon Ha [IJIUC

Peanmzanus mudpoBoit gacTu anropuTMa AEMOIYISINN U BRIACICHNS CHHXPOUMITYJIbCca ObUIA BRIITOJTHEHA HA
kpuctame Altera FLEX10K50. Peann3oBanHoe yCTPOHCTBO COCTOMT M3 BXOAHBIX muppoBeix KUX drmsTpos ¢ 17
OTBOJIaMH, HETIOCPEICTBEHHO OJOKa IEMOTYJISIIINYU CUTHANA M OJIOKa CHHXPOHHU3AaTOpA.

PeamuzoBannblii 17 OTBOAHBIH (UIBTP HWMEET CHMMETPHUYHYIO XapaKTEPUCTHKY. B ormuume ot
kiaccuaeckoit peanmm3anmu KX GunbTpoB B Buae Habopa yMHOKHUTENEH IS B3BEIIUBAHMS 33JICPKaHHBIX OTCUETOB
BXO/IHOTO CHTHQJla M BBIXOJHOTO CyMMAaTopa, JaHHas peanu3alysi BOOOIe HE COJIepKUT yMHOxuTened. Bee
Ollepallii YMHOXXCHUSI 3aMEHEHBl OIEpaldsMU  paclpeleleHHON apu(MeTHKH, YTO BO3MOXHO Oyaromaps
MIOCTOSTHCTBY KO3((HUIMeHToB (uuibTpauny ¥ Hammuuio B Jjormdeckux osiementax FLEX10K [2,3,7] tabmmn
nepexkoaupoBku (look-up-tables, LUTSs).

CurHaisl ¢ BBIXOJOB (GHIBTPOB (BOCEMb OUT B JIOIOJHHUTEIFHOM KOJIE) ITOJAIOTCSl HA KBAJPATYPHBIC BXOJBI
0J10Ka YaCTOTHO JeMOTYIISINN.
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Js peammzanmu  nemonynstopa UMH CHTHAJIOB TIOHAMOOWINMCH JiBa pPErHCTpa JJIs XpaHCHHWS 3HAYEHHUI
KBazpaTyp B npensiaymuii (k-i) MomenT Bpemennm - S P C ¢ > ABa YMHOXHTEIA M OAUH cymmarop. Bce

BEIUMCIICHUS B CXEME IIPOU3BOMATCS B JOIOJHHUTEIHHOM KOJE 3a HCKIIOYCHHEM YMHOXKHTENEH, omepaHmsl U
BBEIXOJHBIC IAaHHBIE KOTOPBIX TIPEACTABICHHI B TPSIMOM KOJAE CO 3HAKOM, 4YTO TpeOyeT MpeaBapUTeIbHO
MpeoOpa3oBEIBaTh CHTHAJBl B JONOJHHUTENBHBIN KOJA /0 YMHOXXEHHS M KOHBEPTHPOBATH B JIOTIONHUTEIHHBIA KOI
pe3yiIbTaT YMHOXKCHUS. BBIXOMHOH CHTHAN AEMOIYJISATOpa MMEET pa3psIHOCTh PaBHYIO MATHAIIATH OWTaM, OIHAKO
JUTS BBIJCIICHHUS CHMBOJIOB HY)KHO PacCMaTpUBATh TOJIBKO CTApIINI (3HAKOBBII) pa3psa pe3yinbTaTa.

BX0HBIM CHTHAJIOM CHHXPOHU3ATOPA SBJISETCS BBIXOJ OJIOKA AEMOIYIATOPA.

3ameTuM, 4YTO JUIA pealM3alMd CyMMMpPOBaHMA Buaa Sum, =Y, +yV, , +V, , +..+V,_ .,
Helenecoo0pa3Ho MCIONB30BaTh KACKA/] U3 71 IByXBXOJIOBBIX CYMMAaTOPOB, TaK KaK Ha KaKJIOM TaKTe pe3ybTaT 3TOro

CyMMHPOBaHUSA MOXKCT OBITH TIOJIYYCH M3 3HAYCHHA CYMMBI Ha NPEABIAYHIEM TAKTC IYTEM BBIYUTAHUA yk—n—l n

npubaBneHus y,.,. A umenHo Sum,, =sum,+y,., —V,_, ;. Takum o0paszom, Ul pealusaluy 3TOH 4acTH
aaropuTMa CHHXPOHHU3ALUU MOHAJOOMTCS OJMH PETHCTP I/ XPAHEHHUs 3HAYEHMS CyMMBI HAa HPEABIIYLIEM TaKTe
TPH CyMMAaTopa, OJWH H3 KOTOPBIX HCIIONB3YETCs Ul M3MEHEHHS 3HaKa y 3HadeHus ), . ; (Tak Kak BCe 9YMCIa
OpEACTaBICHEl B JONOJIHMTENEHOM Kozie). Kpome TOro HeoOXOOMMBI PETHCTPHI I XPAHEHUA 3HAYCHHUI
Vs Viciseoss Vieens1 - ECIIM XK€ HE YUHTBIBATh 3TH N PETHCTPOB, TO KOIMYECTBO 3JIEMEHTOB JUIS BBIIOJHEHUS TaKOM
OIepanul CyMMHPOBaHHA He OyIeT 3aBHUCETh OT KOJMYECTBA ONEPaHA0B M COKOHOMMTL sueiiku IUJIMC mpu
KOJIMYECTBE CllaraeMbix B cymme 71 >4 . B 1aHHOM ke Cilydae KOIMYECTBO CIaraeMblX B KaXIOH CyMME PaBHO

KOJIMYECTBY OTCUCTOB CHUIHAJIa NPUXOIAIMXCI HA CUMBOJI, TO €CTb N = 8 u 3(1)(1)€KT B YBCJIMYCHUH CKOPOCTH, a
TJIaBHOC, B YMCHBIIICHUU 3aHUMACMOI'0 MECTa, OLLYTUM.

BBIXO,Z[HLIMI/I CHUTHaJIaMH OJIOKa SBIISUIMCh KaK 3HAYCHUC CYMMBI, TaK U 3HAYCHUC yk—n—l , I yI[O6CTBa

IIOCJICAOBATCIIBHOIO COCAMHCHUA TaKHX OJIOKOB TI0 BXoJgaM, 4ToO H€06XO,HI/IMO BUAY TOI'O, YTO BBIXOZSIIECC M3 0[[HOI7[
CYMMBI CJIaracMo€ CTaHOBUTCH CJIaracMbIM CHGﬂyIOIIICﬁ CYMMBI:

Xy =1Inch(sum ; )+ Inch (sum ;. ; )+ ..
+ In ch (sum ., _1 )
Tak kKak CHHXpOHH3ATOp paboTaeT Mo KPUTEPHIO MAaKCUMyMa MPaBI0NoI00Hs, TO CXeMa JT0JDKHA BHICTABIISTh
CUHXPOUMITYJIbC B MOMCHT JOOCTHXKCHHUA BBIXOJAHBIM CHUIHAJIOM Xk Makcumyma. I[J'I}I OIPEACIICHUA MOMCHTA

HACTYIUICHUS JIOKAJBHBIX MAaKCUMYMOB 3TOT CUrHaji JuddepeHnnpyercs, ¥ OnpenensoTcss MOMEHTH CMEHBI 3HaKa
npoxuddepeHIMPOBaHHOTO CUTHAIA.

Pesynbratel MogenupoBanus B cucreMe Max+Plus II npuBenens! Ha puc.3

KoHcTpykTHBHO TIPpHOOpP BBHIMOIHEH HA YETHIPEXCIOHHON IeYaTHOH IIaTe, ¢ pas3Ae’dbHBIMH CIOSIMH 3€MIIM U
IIUTaHKs, 4YTO oOecrieunBaeT 3P (GEKTUBHYIO Pa3BI3Ky POT ITOMEX 10 MUTAHHMIO.

B 3axmioueHMM OTMETHM, 4YTO BCE Y3JIBI CHCTEMBl OBUIM pEalM30BaHbl B BHIE IapaMeTPU30BaHHBIX
MerapyHKIuK [3-6] ¢ WCMONb30BaHWEM sI3bIKa ommcaHus ammapatypsl AHDL, 4T0 mMo3BOJIIET € JIETKOCTBIO WX
HCIIOJIL30BATh IS PUJIOKEHHUH TPEOYIOINX IPYToi TOYHOCTH BBIYUCIICHUH.

BR ffsk4_10.scf - Waveform Editor =1 3
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METHODOLOGY OF DIGITAL FREQUENCY DEMODULATOR DESIGN FOR PROGRAMMABLE
LOGIC DEVICES IMPLEMENTATION
Steshenko V.B.
Department of Autonomous informational and control systems,
Bauman Moscow State Technical University
107005, Moscow, 2-nd Baumanskaya St., 5. (+7-095) 263 67 36, E-mail: steshenk@sm.bmstu.ru

Abstract: The new ways for realization frequency demodulator is presented. The new unclosed algorithm of demodulation FSK signal is
presented. The perspectives of algorithms are shown.

Frequency modulation now is one of most popular types of modulation in many communication systems.
There are most telemetric systems for space communications satellites used the frequency — shift-keying modulation
(FSK). Also FSK used in commercial systems, such as pagers. There are several problems in FPGA implementation
of FSK demodulators. The first, most algorithm use PLL, which seldom can realized on FPGA and unclosed
algorithm are required. The second, supplementary task is clock frequency restoring without PLL. The fully digital
implementation of demodulators is described

In report described frequency detector based on frequency estimating by Gilbert. The frequency of receiving
signal is f=f0-Af/2 if “0” transmitting and ¢ f=f0+Af/2 if “1” transmitting. The product AfT = 1, there T is symbol
interval. This mean that modulation index equal 1, phase of signal is continuous. Detector estimates differences f-fO
and produce decision (1 or 0).

The quadrature processing is used. Let I is an in-phase and Q is a quadrature components. The quadrature
components of input signal are filtering with digital FIR filters with 32 taps. After filtration quadratures flow to
demodulator. Then demodulator algorithm is

(f _f())k — 1 Ska—l _CkSk—l
TSE+CE

This algorithm is implemented in ALTERA FLEX 10K50 device. For algorithm entry hardware description
language AHDL are used. Most advantage of this algorithm is tolerance for Doppler frequency shift.

For clock frequency restoring used maximum-likelihood estimation of clock impulse period.

The maximum of value X[k] correspond with edge of clock signal.

The X[k] is given

X[k] = In(ch(y[k]+y[k-1]+...+y[k-n+1]+

+ In(ch(y[k-n]+y[k-n-1]+...+y[k-2n+1]+...+

+ In(ch(y[k-(m-n)n]+y[k-(m-n)n -1]+...+y[k-mn+1]

In this equation n is number of samples per symbol, m is maximum number of equal symbols in succession
in word

For best FPGA realization the In(ch(x)) is approximated with abs(x)-1 function.

These algorithms are implemented in ALTERA FLEX 10K50 device. . For the purpose of this project, the
FLEX10k series FPGAs made by ALTERA were selected. These FPGAs are RAM based, and contain array of logic
cells interconnected via busses and direct wires to nearest neighbors. Each cell basically consists of a look-up table
(LUT) with a D flip flop on the LUT output and some extra logic to allow other functions to be programmed. This cell
architecture allows implement parallel vector multiplier. For algorithms entry hardware description language AHDL
are used.

Experiments are shown that demodulator can operate at SNR less than 15 dB. The demodulator board is
presented in fig.4. (see russian text)
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