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PEAJIIBALISA YACTOTOMIPA KOIHHI/II[EHHIi HA ILTIC

BkasaHo Ha Hedoaiku gidomux memodie eumiproeaHHsi yacmomu nepioduvHozo cuzHaay. Ha ocHosi eidomozo
Memody KoiHyudeHYii po3pobsieHo PyHKYIOHAAbHY cXemy 16-po3psioH020 npucmporw 045 8UMIPIOBAHHS Yacmomu, Ky
peanizoearo Ha 6asi I1/1IC ¢pipmu Intel(Altera). Po3pobsaenuti yacmomomip koinyudeHyii mae dunamivHuii dianasox 9605.
IIpedcmasaenHi yacosi diazpamu, ki ompumMaHo e cepedosuwyi agmomMamu308aHo20 npoekmyearHs Quartus Prime 18.0 i
niomeepdcyioms npayesdamuicms po3pobaeHoi PyHkyionarbHoi cxemu 16-po3psioH020 npucmpoi 0451 8UMIPHOEAHHS
yacmomu memodom KoiHyudenyii. [IpedcmasseHa aHanimuyvHa 3aaexcHicmb 04151 8U3HAYEHHS 4acmomu nepioou4Ho20
cueHa.y nid yac euUMIpo8aHHs yacmomu, MemodoM KOIHYudeHyii.

Kamwuosi caoea: akmueHull ceHcop, wacmoma, iHmepHem peuetl, nepioduuHull cuzHaa, memod KoiHYudeHyii,
mesiekomyHikayitina mepesica, I1/11C.
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IMPLEMENTATION OF THE COINCIDENCE FREQUENCY METER ON FPGA

Means of measuring various parameters and technical characteristics of radio equipment have always occupied leading positions
in science and technology. Without an accurate definition of the relevant values, it is impossible to build modern high-quality radio
communication systems, radar, navigation ground and satellite systems. In ultrasound diagnostics, which are used in medicine, the speed of
blood flow in vessels is studied by determining the frequency of the reflected signal. At the same time, it is necessary to use high-speed
frequency measurement tools in systems with active sensors used in telecommunication networks based on Internet of Things technology. For
example, in active radar, using the frequency of the reflected signal, it is possible to calculate not only the coordinates, but also the circular
speed of the moving target. Modern research is aimed at improving the metrological and technical indicators of existing measuring devices,
in particular at developing new methods for correcting the characteristics of the transformation of the measuring channel, which is their
main component. At the same time, most digital frequency meters are built on the method of counting the number of pulses N with an
unknown period Tx that arrive at the input of the device during a calibrated time interval. All this leads to an increase in measurement time
and requires additional hardware costs for fast processing of measurement results. The coincidence method belongs to vernier methods and
is promising for use when measuring the frequency of periodic signals.

This paper points out the shortcomings of known methods of measuring the frequency of a periodic signal. On the basis of the well-
known method of coincidence, a functional scheme of a 16-bit device for measuring frequency, which is implemented on the basis of a FPGA
from Intel (Altera), has been developed. The developed coincidence frequency meter has a dynamic range of 96dB. Representation of time
diagrams obtained in the Quartus Prime 18.0 automated design environment and confirming the operability of the developed functional
scheme of the 16-bit device for frequency measurement by the coincidence method. An analytical dependence for determining the frequency
of a periodic signal during frequency measurement by the coincidence method is presented.

Keywords: active sensor, frequency, Internet of Things, periodic signal, coincidence method, telecommunication network, FPGA.

IocranoBka npodaeMu

3ycuiis BUIATHUX HAYKOBINB CIPSIMOBaHI Ha MOKPALIEHHS METPOJIOTIYHMX Ta TEXHIYHUX IOKa3HUKIB
ICHYIOYHX 3ac00iB BUMIPIOBaHHS, 30KpeMa Ha pO3pOoOKYy HOBHX METOIIB KOPEKIll XapaKTePUCTUKH TEePETBOPEHHS
BUMIPIOBaJIbHOTO KaHAJY, IO € IX TOJIOBHOIO CKJIaq0Bo0 [1].

BinmoBinHO BIOCKOHAJIEHHS BiIOMHX METOJIB AJISI CTBOPEHHS HOBHMX IEPETBOPIOBAYIB BHCOKOYACTOTHHX
NEepiOANYHNX CUTHANIB B KOJI € IEPCIEKTHBHOIO 33Ja4ei0 Ha ChOTOAHIIIHBOMY €Tall PO3BHUTKY BHUMIipIOBAJIBHOT
TexHIKkH [2].

AHaJIi3 0CTaHHIX TKepeJ

3aco0u BHMIpIOBaHHS PI3HOMAHITHHX IapaMeTpiB Ta TEXHIYHMX XapaKTepHCTHK DPATiOTEXHIYHMX 3ac00iB
3aBXKIM 3aiiMaIy MPOBiHI TO3MIIIT B HayIli Ta TexHimi. be3 TOYHOro BM3HAYEHHS BiJMOBITHUX 3HAYEHb HEMOXJIMBA
Mo0y0Ba Cy9acHHX SKICHUX CHCTEM Pazio3B’ 3Ky, paaioioKaii, HaBiraliiifHIX Ha3eMHHX Ta CYIyTHUKOBHX CHCTEM.

VYkpaiHa Mae 3HauHI [JOCSATHEHHS B Taly3l MeTposiorii Ta paaioBHMipioBaHb. Tak, B TPaKTHII
€JIEKTPOPAI0BUMIPIOBaHb BUMiPIOBaHHS YAaCTOTH € TOIIHUPEHOIO OIEpaIli€lo.

B ynbTpa3ByKoBili AiarHOCTHI, IO BUKOPUCTOBYIOTHCS B MEJMIIMHI Yepe3 BU3HAYECHHS YaCTOTH BiTOMTOTO
CUTHAJY JOCHDKYIOTh IIBHJIKICTH KpPOBOTOKY B cyaumHax [3]. PazoM 3 THM HEOOXiTHMM € 3acTOCyBaHHS
BHUCOKOUIBHJIKICHMX 3ac00iB BHMIpDIOBAaHHS 4YacTOTH B CHCTeMax 3 aKTUBHUMH ceHcopamu [4], 1o
BUKOPHCTOBYIOTbCS B TEJIEKOMYHIKalliiHUX Mepekax Ha 0a3i TexHojorii iHTepHeT peueil. Tak Hampukian, B
aKTHUBHIH paJlioJIOKallii 3a JOMOMOTOI0 YaCTOTH BiIOMTOT0 CUTHAIy MOYKHA BUpaxyBaTH HE JIMIIE KOOPAWHATH, a i
KOJIOBY IIBHJIKICTb ITiJTi, IO PYXAETHCSI.

CyuacHi IOCTi/PKeHHS CIIPSIMOBaHI HA MOKPAIIEHHS METPOJIOTIYHUX Ta TEXHIYHUX MOKA3HHKIB iCHYIOUHX
3ac00iB BUMIpDIOBAaHHS, 30KpeMa Ha pO3pOOKYy HOBHX METOMIB KOPEKIl XapaKTepHUCTHKH IIePETBOPEHHS
BUMIpIOBAJILHOTO KaHAITy, IO € 1X TOJOBHOIO CKIa10BOIO [1].

Pazom 3 TiM, GiBIIICTE TUGPOBUX YACTOTOMIPIB MOOYOBAHO HAa METOII MiAPAXyHKY YUCIIA IMITYJIbCIiB N 3
HeBioMHUM IiepiofoM 7%, SKi MOCTYNAalOTh Ha BXiJ Npuialy 3a KamiOpoBaHMH iHTepBan 4acy. Bce e Bexe no
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30UTBbIICHHS Yacy BHUMIpIOBaHHS 1 MOTpeOye AOAATKOBUX amapaTHUX BUTPAT U MIBHAKOI OOPOOKHM pe3ynbTaTiB
BUMIpIOBaHHSI.

JlocuTs SICHO METOJ KOTHLUISHIT JUT BUMIPIOBaHHS YacTOTH MEPIOAMYHOTO CUI'HAIY OIHKCAHO B [5].

®opmyn0BaHHSA Hinei

Pearmizanis uyacroroMipa KOIHIMJAEHHIi Ha MNPOTrpaMOBaHMX JIOTIYHHMX iHTerpaipHuX cxemax (ILJIIC)
JIO3BOJIUTH YHUKHYTH IIPOOJEM 3 €JNeKTPOMAarHiTHOI CyMICHICTIO nudpoBux OyokiB cxemu. Kpim Toro rtaka
peasizalisi JO3BOJIUTh OTPUMATH MAaKCHMAJIbHO MOJJIMBY LIBUJKICTH OOPOOKH pe3yJIbTaTiB IEPETBOPESHHS YacTOTH
B JBiHiKOBHWil koA. BiamosigHO, MeTOI0 poOOTH € po3podKa Ta TOCTHKEHHS (YHKIIOHATHHOI CXeMH 4acTOTOMipa
KOIHITM/ICHIIIi Ha MIPOTPaMOBaHUX JIOTIYHUX 1IHTETPATFHIX CXEMaX.

Bukag ocHOBHOro MaTtepiany

[Iporiec BUMiprOBaHHS 9aCTOTH 32 METOJOM KOIHIIMACHIIIT MOKHA PO3AUTUTH Ha HACTYIIHI €TaITH:

®DopMyBaHHS NEPIIOTO MOMEHTY CITiBIAIiHHS;

®dopMyBaHHS Ipyroro MOMEHTY CITiBIa{IHHS;

[TizpaxyHOK KibKOCTI 1epioiB Ny CHTHaITy HEBIJIOMOI 4acTOTH F;

[MizpaxyHOK KiNbKOCTI 1epioniB Ny CUTHaIy BiIoMoi 4acToTu F;

3Haxo0pKeHHs 9acTKu Ny/ No.

TakyM YMHOM MOXKHA BIIMITUTH, IO YAaCTOTOMIpP KOIHIMJIEHMII CKJIANAEThCS i3 ABOX KaHaliB 0OpOOKH
curHaiis. [lepmnit kaHan o0Opo0JIse cUrHAa HEBIIOMOT YaCTOTH, a APYTHid — CUTHAN ONMOPHOT yacToTu. Pasom 3 Tum
CIiJl 3ayBaYKUTH, IO MPUHOWAN poOOTH mpuiaxy 0a3yeThCs HAa YacOBOMY CIIBHAAiHHI (POHTIB IMPSIMOKYTHHX
curHamiB. Ha manuii MOMEHT € MOJIIMBICTH peani3yBaTH Bci Ii eramu amapatHo B ckiani oxaiei IIJIIC. BapianT
(YHKIIOHATBHOI CXEMH TaKOTo YacToToMipa KoiHImmeHHii Ha peanizoBaHoro [IJIIC mpencraBmeHo Ha puc. 1, a
OCLIJIOTpaMH, IO MOSICHIOIOTH HOT0 MpUHIUI podoTH — Ha puc. 2.
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0.0ns

Name Value T_ 250,0us 500,0us
5= FO T 1

- FX

- KT_S

-z START

- 10

- X

B NO[15..0] Do 0 2 3
S cile[7..0) D255 255 it 00 6

Puc. 2. Ocuuiiorpamu po6oTu yacroromipa koinumaenuii na IJIIC

Jnst otpumanHs iH$opMalii npo GppoHTH IMIYJIBCIB HEOOXITHO BUAUIMTH iX Ha (OHI caMoOro iMIyJbCy.
Jist mporo cCity>kuTh OJOK (opMyBada KOPOTKMX iMImynbciB. JlaHui O10K myOmoeTbest Juid KaHaily oOpoOku
CUrHaJy omnopHoi yactoTH. Ha BXixm OJOKYy HaaXoAsTh NPSIMOKYTHI IMITYJIbCH, JUIS KaHaly OOpOOKH ONOpHOI
4acTOTH — i3 TeHepaTopa OMOPHOi YacTOTH, JUIA KaHATy OOpOOKM CHTHaly HEBiZoMOi 9acToTH — i3 (opmyBaua
MPSIMOKYTHUX IMIYJbCIiB. 3 TOUKH 30py CXEMOTEXHIKH, OJIOK MpencTaBisie coboro D-Tpurep i3 K0JI0M 3BOPOTHOTO
3B'SI3Ky Ha iHBEPTOpi, IIO NPH 3MiHI CTaHy HPSAMOTO BHXOAY TPHUrepa CKHUAA€ HOTO B HYIHOBHH CTaH, ITOJAYCIO
CUTHAJLy cKuIaHHA Ha BXix R. TakuM 4MHOM JOBXHHA I'€HEPOBAHOIO IMITYJbCY 3aICKHTh TUIBKH Bifl OIHOTO
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mapaMeTpa — 3aTPUMKH PO3MOBCIOJDKEHHS CHUTHANy B iHBepTOpi. Tak sSIK maHa 3aTpUMKa, IJIsl Cy4acHHMX THIIB
MIKpPOCXEM € BEeJIMYMHA CTajla, Ta HAJA3BMYalHO MaJla, TO MPOTSKHICTh BHXIIHOTO IMITYJIbCYy TaKOXX HaJ3BHYAHHO
Mara.

3 BuXoay (GopMyBauya KOPOTKHX IMITyJIbCIB CHUTHAJIM, IIO JAIOTh MPEICTABICHHS MPO YacOBE MOJIOKEHHS
(pOHTIB CUTHANIB, HAIXOIATh HA BX1J cXeMH criBrnaginHsg. OCHOBHA 3a7a4a JaHOTO OJIOKY — BU3HA4YEHHS MOMEHTY
criBnaaAiHHs GPOHTIB iMITynbCiB. [IpHuoMy MX MOMEHTH BU3HA4Ya€eThes /ABa. [lepiumii iMIyJIbe 3'IBUTHCS HA BUXOZI
CXEMH B MOMEHT MNEpIIOro CHiBMamiHHSA (POHTIB iMIyJsbCiB. Jpyruii iMIyibc Ha BUXOJI 3'SBHThCS 4yepe3 MEBHY
KUTBKICTh TIEpIOAiB SK OXHOTO TakK 1 iHmOro curHamiB. [laHy cCHTyamilo MOXXHA OIMCAaTH MaTeMAaTHIHO,
BUKOPUCTOBYIOUH MOHATTA HaiimeHmmoro cmibHoro kparHoro(HCK). Pa3om 3 TuM, mepiox MOBTOpEHHS MOMEHTIB
ciiBnaniHAsA (pPOHTIB CHTHAJIIB MOXKHA BU3HAUUTH 32 (popMyIIor0:

T = HCK(T,,T,), (1)
ze T\, T» — nepiox HOBTOPEHHS CUTHAJTY HEBIJIOMOT Ta OIIOPHOI YacToT;

3 TOYKH 30py CXEMOTEXHIKH, JaHUi OJIOK MpeJcTaBIIsie Co00r0 cXxeMy 3 JioriyHoo dynkuiero "[".

[MpuHoun poGoTn npwiagy 0Oa3yeTbess Ha MiIPaXyHKY KUIBKOCTI IMITYJBCIB HEBIZIOMOi 4YacTOTH, Ta
KIJIBKOCTI IMITyJIbCIB OIOPHOI YaCTOTH, MK MOMEHTaMH iX CHiBHaIiHHSA. IS MOJanbIIoro MiApaxyHKy iMITyJIbCIB
HEOoOXiTHO KepyBaTH HaJIXO/DKEHHSM iX Ha BXOAM JIYMIBHUKIB. ToOTO, NpW HAaIXOJKEHHI IEPLIOTO IMITyJIbCy
CHIBNaAiHHs, HEOOXITHO 3aIlyCTUTH Ji40y; NPU HaIXOPKEHHI JAPYroro iMIyJbCy CHIBIAAIHHA — 3yNUHHUTH JU0y;
nepeaatd oOpaxoBaHy iHpopmamito Ha OOpoOKy, Ta CKHHYTH BHUXOJAH JIYHJIBHHWKIB B HyIBbOBHH cTaH. Bei mi
(hyHKIi{ BUKOHY€E OJOK YIIPaBIiHHS JIYAIbHUKAMHU.

CdhopmoBaHuii curHai mpo CHiBIAgiHHS (POHTIB IMITyJTECiB HAIXOAUTH Ha OJIOK KEPyBaHHS JIUMIEHUKOM.
Jana cxema mpenctaBisie co0oro MUMIBPHUK Ha D-Tpurepax i3 mexero miubm "2". ToOTo, mpm HaAXOIKEHHI
MEepIIOTO IMITYyJIbCY CITIBIAAIHHSA Ha BXiJ OJIOKY, Ha BHXOIi 3'IBISAETHCS JIOTIYHA ONUHHILA, IO TO3BOJIIE
HAJIXODKEHHs IMIYJbCIB Ha BXi[ JTIYMIGHUKIB. [Ipy HamXOMKeHHI APYToro IMIYJbCY CIIBIAAIiHHS, JTIYMIBHUK
0JI0Ky MepexXoUTh B CTaH JIOTYHOTO HYJISL, 1110 3200pOHSIE NPOXO/PKEHHSI IMITYJIbCIB.

3 BUXOJIB OJIOKIB KEpPyBaHHsS KOXKHOTO KaHAIy, IMITyJIbCH MPOXOAATh HA BXOAU 16-pO3pSAHUX JBIHKOBUX
JMYMIBHUKIB. JIIUMIBHUKY TiPaXxOBYIOTh KiIBKICTh IMITyJIBCIB MK MOMEHTaMHM CHIiBHaAiHHS (DPOHTIB CHI'HAIIB.
Po3psiiHicTh MiYMIBHUKIB BUOpaHa 3 ypaXyBaHHIM MOXKJIMBOTO Jiana30Hy Pi3HHIb YaCTOT HEBIZOMOT'O Ta OIIOPHOTO
curHaiiB. OOpaHa po3psAHICTh 3a0e3euye BiIHOIIEHHS CUTHANIB y Mexax 96 nb:

F
- =2 @)
0
e F., Fo — BIIIIOBiTHO HEBiJOMA Ta OIIOpHA YacTOTA.

Hacrymauii G0k BHKOHYE 3pa3y Hekinbka (yHKIiH. ['oloBHa 3 HMX — 00paxyBaHHS YacTOTH CHIHAIY.
CyTb apu()METHYHUX Onepaniii, BAKOHYBaHUX JaHUM OJIOKOM OIMCYETHCS aHAIITHIHO 32 JOIIOMOT0o0 (hopMyiH [5]:

N, F,
N, F’ ®
0 0
ne Ny, No — KUIBKICTb MiJJpaXxOBaHUX IMITYJIbCIB, MI)K MOMEHTaMH CITiBIIa/liHHS ()POHTIB CUTHAJIB BiAMOBITHO
HEBIIOMOI Ta OIIOPHOT YacToT;
3poOuBIIM OYEBH/IHI TEPETBOPEHHS MATUMEMO:
N, - F
_Yx o
FX = T (4)
0

3 BUXOJIB JIIYMIIBHUKIB 16-po3psiiHuid BIIIKOBUI KO/, BIAMOBIAHUII KIIBKOCTI ITiIPaXOBaHUX IMITYJIbCIB B
KO>KHOMY KaHaJji, MoTpamisie Ha BXij Oyoky amapatHoro autenHs DIVIDE. Biok amaparnoro aitenss DIVIDE, B
ACHHXPOHHOMY DPEXHMi, BU3HAYa€ IIOUKCeNbHy 4acTKy (cile) i octauy (ostacha). Otpumane 3HadeHHS 3 OJIOKY
anapatHoro ginenHs DIVIDE mMoxHa MOMHOXHUTH Ha 3HAYEHHS BiJJOMO1 YaCTOTH 1 MAaTUMEMO YacTOTY HEBiZIOMOTO
CUTHAIY.

BucHoBknu

Ha ocHoOBI BiTOMOTr0 METOIy KOIHIMIEHIIT po3po0icHO QyHKIIOHATIBHY cXeMy 16-pO3psIHOTO MPUCTPOIO
JUIs BUMIPIOBAaHHsS 4acTOTH, sIKy peamizoBaHo Ha ©0a3i IIJIIC ¢ipmu Intel (Altera). Po3pobienuii wactoTomip
KOIHIMICHIII Mae AuHaMivHWi miana3oH 96nb. I[pencraBieHHI 4acoBi AiarpaMu, sSKi OTPUMAaHO B CEPEOBHIII
aBTOMaTH30BaHOTO TIpoekTyBaHHs Quartus Prime 18.0 1 miaTBepIKyIOTh Mpane3laTHICTh Po3poOieHol
(yHKIIOHATBHOI CcXeMH 16-pO3psIIHOTO TPUCTPOIO M BUMIPIOBaHHS YacTOTH METOAOM KOTHIIMACHIIIL.
IIpencraBnena aHaNiTHYHA 3aIEXKHICTH IS BH3HAYEHHS YAaCTOTH NMEPIOAWYHOTO CHTHATY IiJ] Yac BUMipIOBaHHS
YaCTOTH, METOJ0M KOIHIIMIEHILIT.
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