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YACTOTOMIP EJIEKTPHUYHUX IMITYJIBCIB HA BA3I
ITPOTPAMOBAHOI'O MIKPOKOHTPOJIEPA

Anomauyin. Cyuacni enekmpoHHi npucmpoi, sKi BUKOPUCTOBYIOMbCSL Y PISHUX 2aLY35X HAYKU | MEXHIKU, 30e0i1bo-
20 MiCmamyb iHMe2panbHi cxemu, wo nidgUWYe HAOTUHICMb NPULAdY Ma 3HUICYE U020 8APMICIb NOPIGHAHO 3 GUKOPU-
CMAHHAM OUCKPEMHUX HANIBNPOGIOHUKo8Uux enemenmis. OKpimM yb0o2o, 3MeHueHHs PO3MIPIG i azcu NPUCmMpo po3uii-
PIOE MediCI 11020 NPAKMUYHO20 3aCMOCy8anHs. Pisnomanimui inmespanvhi cxemu HA cbO20OHI BUNYCKAIOMbCA MAKUMU
xomnanismu, sx Microchip, On Semiconductor, Texas Instrument, Analog Device, Linear Technology, ma 6azamema
iHwumu, AKi € aidepamu Ha c8imogomy punky. OOHUMU 3 IHMESPANbHUX MIKPOCXeM, AKI 30amHi 6UKOHY8AMU PI3HO-
manimui pyuxyii, € mikpoxowmpoaepu. Cb0200Hi CIMPIMKO PO38UBAIOMbCA THHOPMAYIIHI | KOMN TOMEPHI MeXHON02I,
WO 00380JI5€ CMBOPIOBAMU AGMOMAMUZ0BAHT MEXHONO02IUHI IIHIT, AKUMU MOJICHA Kepyeamu 3 00NOMO20I0 KOMN romepa.
O0num 3 8y31i6, W0 3a0e3neuye 63aEM036 A30K KOMN 1omepa 3 nepugpepitinum npucmpoem, € mikpokonmpoaep. s
BUKOPUCMAHHI MIKPOKOHMPOEpa y 6y31aX eleKMpOHIKU HeoOXIOHO Hanucamu npocpamHuil Koo 0 peanizayii miei yu
iHwol 3a0aui. Ilpoepamme HACMPOIOBAHHS NAPAMEMPIE MIKDOKOHMPOJepa 00360J15€ Kepysamu QYHKYIEIO 8i0N06i0H020
npucmpoio 0e3 3MiHU napamempia eleKmpuiHoi cxemu, Wo € 8axCausum Qakmopom HAdiiHOCMI NPUCMPOIO 6 YiNOMY.
OO0HuM 13 MOJCIUGUX 3ACMOCYBAHL MIKPOKOHMPOEPi6 € agmomamu3ayis PisuuHo20 eKCHepuMeHmy, ujo 00360.19€
npogooumuU GUMIPHOBAHHs (DI3UYHUX 8eIuyUH | nepedasamu OAHI HA KOMN tomep. K npukiao, 2any3b ONmMu4Hol cnek-
mpomempii nompe0Oye 6enuKoi KiibKocmi 6UMIPI08AHb THMEHCUBHOCMI C8IMAA V 8IONOBIOHIN CHeKMPALbHIl 00.1acmi 3
00HOUACHOI0 nepedauero Oamux Ha Komn 'tomep. TobOMoO BUMIPIOGAHHA THMEHCUBHOCHI C8IMAA CYNPOBOOINCYEMbCS
BUMIDIOBAHHAM KIIbKOCMI K8AHMIE CEIMA HA NesHili O0BICUHI X6Ui 3a 00unuyio uacy. B oamiui pobomi pospobnero
cxemy u4acmomomipa enekmpuuHux imnynavcie Ha 6aszi mikpoxonmponepa PICL6F876A ons cnexmpockoniunux
BUMIPIOBaHb. JIIsL HANUCANHS NPOSPAMHO20 KOO sukopucmano cepedosume MPLAB 4.1, pospobaene komnanicio Mi-
crochip. s peanizayii ancopummy pobomu wacmomomipa suxopucmano 0éa mooyni timer0 i timer! mixpoxonmpone-
pa PICL6F876A. Makxcumanvrua uacmoma iMnyavCie, sika mMoxce Oymu KOPeKmHoO SUMIPSHA OAHUM HACMOMOMIDOM, -
4MTy.

KirouoBi cjioBa: MIiKpOKOHTpOJep, TalMep, YacTOTOMIp, TEpEepHBAaHHS, PETICTP KepyBaHHS, HPOTPaMyBaHHS
MiKpOKOHTPOJIEPIB.

Pushak A. S.,

andriy.pushak@gmail.com, ORCID 1D:0000-0003-4235-9639,

Ph.D., Associate Professor, Associate Professor of Department of Natural Sciences and Environmental Pro-
tection, Lviv University of Trade and Economics, Lviv, Associate Professor of Department of Applied Math-
ematics and Physics, Ukrainian Academy of Printing, Lviv

211



Bicnuk JIvgiecbkozo mopzogenvHo-eKoHomiunozo ynieepcumemy. Texuiuni nayxku. Ne 23, 2020

Vistovskyy V. V.,

vistvw@gmail.com, ORCID ID: 0000-0003-2257-8834, Researcher ID: F-6388-2019,

Doctor of Physical and Mathematical Sciences, Associate Professor, Professor of the Department of Exper-
imental Physics, Ivan Franko National University of Lviv, Lviv

Zhyshkovych A. V.,

andrew-lviv@i.ua, ORCID ID: 0000-0001-5087-4871, Researcher ID: L-8586-2019,

Ph.D., Senior Researcher, Department of Experimental Physics, Ivan Franko National University of Lviv,
Lviv

FREQUENCY METER OF ELECTRICAL PULSES BASED ON A
PROGRAMMABLE MICROCONTROLLER

Abstract. Modern electronic devices that are used in various fields of science and technology mostly contain inte-
grated circuits, which increases the reliability of the device and reduces its cost compared to the use of discrete semi-
conductor elements. Besides, reducing the size and weight of the device extends the limits of its practical application.
Nowadays the variety of integrated circuits are produced by such companies as Microchip, On Semiconductor, Texas
Instrument, Analog Device, Linear Technology and many others that are leaders in the global market. Some of the
integrated circuits that can do various functions are microcontrollers. Today the informational and computer technolo-
gies are rapidly evolving allowing to create automated production lines, which can be controlled with the help of a
computer. One of the nodes that allow connecting the computer to a peripheral device is the microcontroller. To use the
microcontroller in the nodes of electronics, it is necessary to write the program code to implement a particular task.
Software tuning of the microcontroller parameters allows controlling the function of the corresponding device without
changing the parameters of the electrical circuitry, which is an important factor for the reliability of the device as a
whole. One possible application of microcontrollers is the automation of a physical experiment, which allows meas-
urements of physical quantities and data transmission to a computer. As an example, the optical spectrometry requires
a large number of light intensity measurements in the corresponding in the corresponding spectral range with simulta-
neous data transfer to a computer. That is, the measurement of light intensity is accompanied by the measurements of
the number of light quanta at a certain wavelength per time unit. The circuit of the frequency meter of electric pulses
based on the microcontroller PIC16F876A for spectroscopic measurements has been developed and is presented here-
in. The scheme of electric pulse frequency meter based on PIC16F876A microcontroller for spectroscopic measure-
ments is developed in this work. MPLAB 4.1 environment developed by Microchip was used to write the program code.
Two timer0 and timerl modules of the PIC16F876A microcontroller were used to implement the frequency meter algo-
rithm. The Maximum pulse frequency that can be correctly measured with this frequency meter is 4MHz.
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HocTranoBka mpo6aemu. CydacHi METOIU BUMi- AHaJi3 ocTaHHix Aocjaimkenb i myOJaikauii. Ha
PIOBaHHS ONITUYHUX CHEKTPIiB, HAIIPHUKIIAJ JIFOMiHECIIe- CBOTOJIHI 0arato KOMMaHid BUTOTOBIIIIOTH Pi3HI iHTE-
HIIi{, 0a3yl0ThCs Ha BUMIPIOBAaHHI KiIBKOCTI BUIIPOMi- rpaJibHi MIKPOCXEMH, B TOMY YHCI]I 1 ITporpamoBaHi
HeHuX (DOTOHIB TNEBHOI JTOBXHMHHU XBWJI 32 OJUHUIIIO MIKPOKOHTpOJIEpH, Ha 0a3i SIKHX MOYKHa BHT'OTOBIISTH
4acy, TOOTO IXHbOT YacTOTH. [yl BU3HAUCHHS YaCTOTH Ppi3HI IpUCTPOT 3 BUKOPUCTAHHSIM HEBEJIMKOI KUIBKOCTI
BHUMIPIOIOTH KiNTBKiCTh GOTOHIB N HpOTATOM HEBHOTO JOJATKOBUX €JEeMEHTIB enekTpoHiku. lle mo3Bose
gacy t i Bixrak BupaxoByioTh yacrotry N=N/t. Ha cbo- OTPHMATH JICIIECB] BY3JIH €JIEKTPOHIKH AJIS PI3HUX HPHU-
TOIHINIHIA JIeHb € 6araTo (PyHKIIOHATBHUX HPUITAIIB, naniB (yHKIIIOHAIFHOTO 3aCTOCYBaHHS. BukopucTanus
SKi JTO3BOJIAIOTH TPOBOJUTH BUMIPIOBAHHS YacCTOTH MPOTPAMOBAHUX MiKPOKOHTPOJIEPIB CIIPOIILY€E BUTOTOB-
EJeKTPUYHHUX IMIYJBLCIB, OJHAK TaKi MpWiagu HE JO- JIEHHs AaBTOMATH30BaHMUX TEXHOJIOTIYHMUX JIHIA Ha
3BOJIIOTH TIOBHICTIO aBTOMAaTH3yBaTH IMPOIEC BUMIipIO- BUPOOHHMIITBI, a TaKOX Ja€ MOXKJIMBICT IIBHIKOTO
BaHHSA 1, KPIM IIbOTO, 10CUTH Aopori. OCKUIbKH cydac- OTpPUMaHHS W ONpalOBaHHSA JAHUX IIPU TPOBEJICHHI
HUHA (QI3MYHUH eKCIepHMMEHT IOBHHEH 3a0e3IedyBaTH HAayKOBHX JIochikeHb [1, 2, 3]. AkryansHO®0 3aauecio
mpenu3iiHe BUMIPIO-BaHHS 1 MIBHIKE OTPUMAHHS Ja- HA ChOTOJIHI € aBTOMATH3aIlis TEXHOJIOTIYHUX MPOLECIB
HUX IS HOAAIBIIOTO aHalli3y, HEOOXiTHO MaTH BiJIoO- y nomirpagii 3 BAKOPUCTaHHSIM IPOTPaMOBaHUX MiKpO-
BiZIHI TPUCTPOi, SKI O JO3BOJIMIM aBTOMAaTHU3yBaTH KoHTposepiB [4, 5]. BuroroineHHs cnewniaii3oBaHUX
eKCIIEPUMEHT 1 BOJHOYAc OyJIM EKOHOMIYHO JIETKO MIPUCTPOIB Ha 6a3i MIKPOKOHTPOJIEPIB JI03BOJISIE ILIBU/I-
JIOCTYI-HUMU. KO OTPHUMYBATH Ta ONPALbOBYBaTH MexudHi mani [6].

[lupoke 3acTOCyBaHHS 3HAWIUIM MIKPOKOHTPOJIEPH

212



Herald of Lviv University of Trade and Economics. Technical Sciences. Ne 23, 2020

komnanil Microchip cepii PIC (Peripheral Interface
Controller) [7, 8].

Mertoto naHOi poOOTH € PO3POOJICHHST YacTOTOMIpa
CIICKTPUYHMUX IMIYJBCIB Ha 0a3i MIKPOKOHTpoOJepa
PIC16F876A sx omHOro 3 By3IiB Ul BUMIPIOBaHHS
ONTHYHHUX  CHEKTpiB.  BuMIploBaHHS  ONTHYHHX
CHEeKTpiB 6a3yeThCs HA BUMIPIOBaHHI KIJIBKOCTI KBaHTIB
MIEBHOI TOBKWHHU XBWJI 332 OIWHHUITIO dacy, TOOTO ix
gactotd. JlaHa MeETOOWKA BHMIPIOBAaHHA CIIEKTPIB
IIUPOKO BUKOPHCTOBYETHCS Y PIZHUX MIKHAPOIHHUX
HayKoBHX HeHTpax [9, 10].

IMocranoBka 3aBaanHs. MiKpOKOHTPOJIEpH CKJIa-
JIAFOTBCSI 3 PI3HUX MOAYJIB, SKi MOYKHa BKIIIOYATH-
BUKJIIOYATH, a TaKOXK 3a7aBaTH Pi3HI PexXUMH pOOOTH
METOJIOM IIpOrpaMyBaHHS. 3a OCHOBY JJIS BHIOTOB-
JICHHS 4YacToToMipa OyJi0 B34TO MIKPOKOHTPOJIEP
PIC16F876A, sixuii Mae Tpu MOJYJIi pi3HUX TaiiMepiB,
IO JO3BOJISE OJHOYACHO TIPOBOJUTH BHMIipIOBAHHS
gacy 1 KIJTBKOCTI IMITyNBCIB, SIKi TIPUXOIATh Ha
BIINOBITHUI BUBIA MikpokoHTpojaepa. Jmsa pobotu
MIKpPOKOHTpOJIEpa B3ATO KBapIOBUIl PE30HATOP 4acCTO-
Tor0 16Mrm. JIns mpenu3iiftHOTO BIMipIOBaHHS YacTOTH
IMITyJIbCiB HEOOXiTHO BHOPATH MPOMIKOK Yacy, MPOTs-
TOM SIKOTO BigOyBa€Thbcsi Jiuba IMIYJbCIB, Olblie
piBHe 1 cekyHIa, IO J03BOJSTUME PEECTPYBATH Haii-
MeHIIy 4acToTy iMmyibciB — 1 I'u. [Tepen HamucanusM
MPOrPaMHOro KOAY allrOPUTMY peaizalii 4acToToMipa
npoBeJieHo BUOIp mapametpie moaymis timer0 i timerl
MIKpPOKOHTpOJIepa. 3 TEXHIYHOI'O OMHCY XapaKTepH-
CTHKH MIKpPOKOHTpOJIEpa Mi3HAEMOCS iM’S PETiCTpiB,
SIKi BIAMIOBIAIOTH 32 pOOOTY MAaHWX MOJYIIB: a caMe
perictp OPTION_REG 3amae mapameTpu poOOTH MO-
nyist timer0; perictp TLCON 3anae napamerpu poboTu
monayis timerl; perictp INTCON kepye nepepuBaH-
HSIMHM, SIKi BUHMKAIOTh IPH MEPENOBHEHHI JIIYHIIbHUKA,
a TakoX HaJae JOCTym a0 (yHKIIi omparroBaHHs Tie-
pepuBanb. Monayne timerQ BuOupaemo sl 3aJaHHS
MPOMIXKKY Yacy, a MOAyJb timerl — st miubu imMimyJib-
ciB.

Bukinax ocCHOBHOrO Martepiajy IOCITiZKEHHS.
Just pobotn mojyins timerQ BuOupaemMo HacTymHi ma-
pameTpu: BHYTpimHill TaktoBHi reHepaTop (16MI'm);
KOeQiIieHT NoAiTbHUKA dYacToTH — 256. Moayis
timer0 e 8-po3psaHuii, TOOTO MaKCHMalbHE 3HAYCHHS
fioro perictpa TMRO, skuii migpaxoBye TaKTOBi iM-
IyJIbCH TeHepaTopa, Mmoxke Oytu 255. I1pu HacTynmHOMY
TakToBOMY iMITyJsCi perictp TMRO nepenoBHIOETBCS i
TaKUM 4YHHOM TreHepye mepepu-Banus, Oit TMROIF
perictpa INTCON mnpwuiiMae 3Ha4eHHsT “JIOTIYHA OZH-
Hupr”. Tak MokHa 3a(ikcyBaTH HMPOMIKOK Hacy Mix
MOCTITOBHUMH TIepepUBaHHAMH. [IpOMIXKOK "acy Mix
JIBOMa IIOCIIIIOBHUMH TIEPEpPUBAHHAMH Oynie BU3HAYa-
THCA 32 POpMYII0I0:

_ 4k256

TO

@)

L
Fosc

213

ne K — xoe(illieHT moaibHUKA YaCTOTH TAKTOBHX
IMITYJIBCIB KBapLIOBOT'O T'€Heparopa,

Fosc — yacToTa KBapIoBOro reepaTopa.

3a Bubpanumu napamerpamu k=256, Fosc=16Mru
nepiox TO gopiearoe 16,384mc. Takum YuHOM, BUOU-
paroy¥ MporpaMHoO MEeBHY KUIBKICTh NEpepuBaHb, MOXK-
Ha pOOUTH BiAJIIK Yacy AJIS JYOM iMITyITBCIB MOIYIIEM
timerl.

Inst momynst timerl BuGHpaeMo HacTymHI mapa-
METpH: 30BHIIIHIA TaKTOBHUI TeHepaTop (B pOJIi TaKTo-
BOTO TEHeparopa Uil poOOTH MOAYISl BHUCTYTAE
30BHILIHE JPKEPEJIO IMITYJIBCIB, YACTOTY SIKUX MOTPiOHO
BU3HAYUTH); KOC(DILIEHT MOAIIBHUKA YaCTOTH IMITYJIb-
ciB k=4, iforo MoxxHa mpOrpaMHO BUOUPATH 3 MOXKIIH-
BHUX 3HaueHb 1,2,4,8, 110 J03BOJSE MpALIOBaTH 3 IIH-
POKHM Jialia30HOM JIOCHIKYBaHUX 4acTOT. OCKUIBKU
perictp TMR1 monyss timerl € 16-po3psanumM, #oro
MaKcHMallbHe 3HadeHHSI Moxe OyTtm 65535. 3a ymoBu
MIEPiOANIHOTO CUTHATY IhOTO 3HaueHHs perictp TMR1

HaOyJe 3a Jac, SIKHi BU3HAYAETHCS 3a (HOPMYIIO0:

k-65536
Tl =——F,

: 2)

ne K — xoedillieHT moaipHUKa YaCTOTH TAKTOBHX
iMmysbciB, F — 9acToTa iMIynbCiB 30BHIIIHBOTO TEHE-
paropa.

VY BUNaAKy 4aCTOTH IMITyJIbCIB 30BHIIIHBOTO IFeHE-
paropa IMI' yac HakonuyeHHs perictpa TMR1 mo-
nyns timerl 3 BUOpaHUMH mapaMeTpamu CKJIaaae TMpH-
6mm3Ho 0,26¢, ToOTO TpoTsirom 1 cekyHau 3 pasu
BinOyzneTbcs mepenoBHeHHs perictpa TMRI1. B 3a-
TaFHOMY BHITAJKy KUTBKICTH IMITYJIBCIB, 3apeecTpo-
BaHa MNPOTATOM IEBHOrO 4acy, Oyle BH3HAa4YaTHCS 3a
(dhopmyoro:

N =m-65536 + NO, 3)

Jie M — KiIBKICTh nepepuBanb MmoayJast timerl, NO —
NoTOYHe 3HaueHHs perictpa TMR1.

Takum uWHOM, 3aJaBIIM BIJIIOBIAHI MapameTpu
st momymie  timer0 i timerl  mikpokoHTposiepa
PIC16F876A, Mo)xHa MPOBECTH OOYUCIICHHS YaCTOTH
HAJIXO/PKEHHsI IMITYJIbCIB 30BHIIIHBOTO JDKEpesaa 3a

¢dopmyoro:
N
n= m, (4)

Je N — KUIBKICTh mnepepuBaHb Momayis timerQ,
BUOMPAEMO TPOrPaMHO B 3aJI€KHOCTI BiJl MOTPiIOHOTO
MPOMDKKY dYacy Ui JIidOu iMmynbciB. Enextpuuny
CXeMY 4acTOTOMipa HaBe/IeHO Ha PUCYHKY 1.

Ho BuBoaiB 9 (OSC1) i 10 (OSC2) mikpoKoHTpO-
Jepa ImiJ’€IHaHO KBaploBUi pe3zonarop. Ha Busig 11
(RCO) nmonaeTbest curHaji y BUTJISI CTaHAAPTH30BaHHUX
IMITyJIBCIB TIPSIMOKYTHOI (OpMH amIntiTyaoro Bin 2,4
10 5B, mo BU3HAYAETHCA BXiJHIMH XapaKTePHCTHKAMHU
JTAHOTO MiIKpOKOHTpOJIEpa.
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Puc. 1. [IpuauunoBa cxema niatu MikpokontpoJiepa PIC16F876A nis peasizanii yacroromipa

Hmxye HaBeneHo Kox (yHKIUII ONpalfoBaHHSA Iie-
pepuBane MonyniB timer0 i timerl s Bu3Ha4YeHHS
4acTOTH IMITYJIbCIB.

// moYaToK (QyHKIIT ONpaIfoBaHHs IIEPEPUBAHB Bl
MOJIyJIiB TaliMepiB

int interrupt isr (void)  // ¢pyHKIis onpainoBaHHs

nepepuBaHb
{
if  TMR1IE&&TMRLIF)
{
m=m+1; // KIIBKICTh TIEpEepH-
BaHb Tanmepal
TMR1IF=0;
}
if (TMROIE&&TMROIF)
{
n=n+1; // KiNBKICTh NepepUBaHb
Taiimepal
if (n==61) // nepiox

x=TMRI1L; y=TMR1H,;

nn0=((m*65536)+((TMR1H*256)+TMR1L))/(n*0.016
384);

return nnO;

TMR1H=0; TMR1L=0;

n=0; m=0;

¥
TMROIF=0;
¥
¥

// kiHeIs QYHKIIT ONpaIfOBaHHS MTEPEPUBAHb BiJ
MOJyJIiB TaliMepiB

Kop romoBHoi GpyHKIIi Mae BUTIISA;

// IO4aTOK TOJIOBHOI (DYHKIIIT

void main (void)

{
TRISB=0b00000000; // HacTpoiika mopty B Ha
IU(PPOBHIA BUBIT
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TRISC=0b00000001; nacrpoiika BuBoay RCO
Ha H(POBUH BXif
PORTB=0b00000000; // ouncrtka mopty B
ADCON1=0b00000110;
OPTION _REG=0b11000111; // BrnroueHHs
Mozyst timer(
INTCON=0b10100000; // HacTpoliku
nepepuBaHb TaliMepiB
TICON=0b00100011;
timerl
PIE1=0b00000001;
PIR1=0b00000001;
TMR1=0
while (1)
{
printLCD (nn0) // BUKITHK (YHKIIIT BUBOLY
3HadyeHHs yactotu nn0 Ha aucruieit LCD1602A
// xoOMaH1 KOpHCTYBayua
}

BKJIFOUCHHA MOYJIsSA

}

// xiHeup ro0BHOT PyHKLIT

BucHOBKM i mNepcHmeKTHBM TOJAJNBIIHX J10-
CIifzkeHb Yy JaHOMY HampsiMi. Bukopucranus mpo-
IpaMOBaHUX MIKPOKOHTPOJIEPIB JIO3BOJISIE CTBOPIOBATH
pi3HI mpunaan  QyHKIIOHATBHOTO — 3aCTOCYBAHHS.
Hapenena cxema yacToToMipa XapakTepU3YETHCS TPO-
CTOTOI0, OCKUJIBKY B Hili BAKOPUCTOBYETHCS Maja KiJib-
KICTb €JIEMEHTIB EJIEKTPOHIKM, IO pOOUTH iforo
BIJTHOCHO JCHIEBHM 1 KOMIIAKTHHUM Y BHKOPHCTaHHI.
MOo>NHBICTh IPOTPAMHOTO CIIOCOOY 3aJaHHS PEKUMIB
1 mapaMeTpiB MiKpOKOHTpOJIEpa J03BOJISIE PETYIIOBATH
Jiama3oH BUMIPIOBaHMX 9acTOT 0€3 3MiHM HapameTpiB
CXEMH, 110 TiABUINYE HATIHHICTh MPUIATy B IIJIOMY.
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