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YIOCKOHAJIEHHS BATATOKAHAJIBHOI PAJIOTEXHIYHOI CUCTEMI HA
FPGA JJIAA YACTOTHHUX TIEPETBOPIOBAYIB ®I3UYHUX BEJINYNH
HIATPUMKOIO HUPPOBUX CEHCOPIB

Y pob6oTi npescTaBieHo pPo3pobKy @YHKLIOHA/IBHOIO PO3LUMPEHHS MOX/MBOCTEN 6araToOKaHabHOI PagioTEXHIYHOI
CUCTEMM 11aPaJIENILHOrO BUMIDIOBAHHS YacTOTHUX IHQOPMAaTUBHNX CUrHasis Ha ocHoBl FPGA @ipmu Altera Cyclone 1V. OcHoBHO0O
3a4a4er0 Po3pPO6IEHOI CUCTEMU € BUMIPIOBAHHS IHGOPMATUBHOIo NapamMeTpy CEHCOPIB Qi3MYHUX BESINYNH 3 YACTOTHUM BUXOHOM, 34
ZI0MIOMOror0 MiATPUMKN LN@DPOBUX CEHCOPIB. YOCKOHANIEHO BaraToKaHa/IbHui YHIBEDCA/IbHMY BUMIPDIOBA/IbHMY MpUiad Ha OCHOBI
FPGA, skwii Mae 12 rapanesibHux BUMIDIOBA/IbHUX —KaHamB A1 CEHCOPIB 3 YaCTOTHUM BUXOZOM Ta IHTEMDOBaHUM
mikporipoyecopHum sapom NIOS II. YAOCKOHaneHo BHYTPILHIO KOH@Irypauito mikporipoyecopHoro sgapa NIOS II,  cuHTe30BaHo
6710k 54pa, CTBOpEHO anapatHy peasnizayito I2C iHTepgevicy, AogaHo nporpamMHy nigTpumky I2C rpoToKosny, peasizoBaHo
nIPOrpamHy MigTPUMKY TPbOX LIN@PPOBUX CEHCOPIB, OHOB/IEHO f MOBTOPHO CUMHTE30BAHO 3ara/ibHy cxemy. IHterpauia I2C npoTokosy
y 6aratokaHasibHui YacToTOMIp AO3BOJISE OAHOYACHE BUMIDIOBAHHS 3HAYEHB 3 ABOX TUITIB CEHCOPIB, 14O 3HAYHO POSLIMPIOE CIIEKTD
MOX/IMBUX LLTISIXIB BUKODUCTAHHS PaAIOTEXHIYHOI IHGOPMALIIVIHO-BUMIDIOBA/IbHOI CUCTEMM.

Ktoqosi cnosa: 12C, NIOS II, FPGA, 6araTokaHaibHmi YacTOTOMID, CEHCOP 3 YaCTOTHUM BUXOLOM, PasiOBAMIPIOBAE/IbHI
IEPETBOPIOBAY DI3NYHNX BE/INYMH, YacTOTa.

OSADCHUK Oleksandr, OSADCHUK Iaroslav, SKOSHCHUK Valentyn

Vinnytsia National Technical University

IMPROVEMENT OF MULTI-CHANNEL RADIO ENGINEERING SYSTEM ON FPGA
FOR FREQUENCY CONVERTERS OF PHYSICAL QUANTITIES WITH THE
SUPPORT OF DIGITAL SENSORS

The work presents the development of the functional expansion of the multi-channel radio technical system of parallel
measurement of frequency informative signals based on the Altera Cyclone 1V FPGA. The main task of the developed system is to
measure the informative parameter of sensors of physical quantities with frequency output, using the support of digital sensors.
Improved multi-channel universal measuring device based on FPGA, which has 12 measurement channels for sensors with
frequency output and integrated NIOS II microprocessor core. The internal configuration of the NIOS II microprocessor core was
reworked, the core block was re-synthesized, the I12C hardware implementation was created, software support for the I2C protocol
was added, software support for three digital sensors was implemented, the general circuit was updated and re-synthesized.
Integration of the 12C protocol into a multi-channel frequency meter will allow simultaneous measurement of values from two types
of sensors, which will significantly expand the range of possible ways of using the system. One of the most common protocols - I2C
was chosen for communication with digital sensors. This bus is one of the modifications of serial data exchange protocols. In the
standard mode, the transmission of serial 8-bit data is provided at a speed of up to 100 kbit/s, and up to 400 kbit/s in the "fast”
mode. In the previous version of the scheme, the NIOS II core was already integrated and all the main blocks were redesigned for
the core interfaces. Therefore, to integrate the support of digital sensors into the existing scheme, it is only necessary to create a
kernel interface for I2C, implement the I2C protocol in the form of a hardware block, and write software for I2C support. As a
result, the scheme for the device was updated, one new block was added to it, which describes the I2C hardware part and the
Interface for the core. The maximum allowable number of chips connected to one 12C bus is limited by the maximum capacity of
the bus, which is 400 pF. The UART digital protocol is used as the output interface. Also, to support the I2C protocol and digital
sensors, software was developed that complements the previous version of the implementation and allows processing data from
frequency meters and digital sensors at the same time.

Keywords: FPGA, NIOS II, I2C, sensor with frequency output, multichannel frequency meter, frequency, radio measuring
transducers of physical quantities.

IMocTaHoBKa MpoO/IeMH Y 3arajJibHOMY BUIJIATI
Ta ii 3B’f130K i3 BAKJIMBUMM HAYKOBUMU YU NPAKTHYHUMM 3aBAAHHAMHU
Ha nanwif yac BaXXKo 3HANTH MIUPOKO JOCTYITHI PIIICHHS sIKi O 3a0BOJIBHIIIN BUMOTH, IIOA0 OJHOYACHOTO
BHMIPIOBAHHS 3HaYCHb CEHCOPIB 3 HU(POBUMH 1 YaCTOTHUMH Buxonamu. CeHCOpH i3 U(PPOBIMH BUXOJAMHU OLIBII
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MOIIMPEHI HiXK 13 YaCTOTHUMH, TaKOXX PI3HOBHIIB IHU(POBUX CEHCOPIB iCHye Habarato OuNbIIE HiXK YaCTOTHHX.
MoXHBiCTh BHKOpDHCTaHHS y OararokaHadbHOMYy uactoroMipi Ha FPGA s panmiorexHiUHOi cucTeMHu 3
YaCTOTHUMHM CEHCOpaMH ()i3WYHHUX BelnnduH [1-2], OMHOYACHO IBOX THIIB CEHCOPiB, 3HAYHO PO3IIUPUTH CIIEKTP Tl
MOXIIMBHX NUIAXiB BUKOpUcTanHs. [linTpumka siapa NIOS II [3-7] 103BoNNTH OAHOYACHO aHai3yBaTH 3HAUYEHHS i3
JIBOX THITiB CEHCOPIB 1 3aCTOCOBYBATH JI0 HUX Pi3HI alIrOPUTMH (HiNbTpalii i 00poOKH.

AHaJi3 0CTaHHIX J0CTIIKEeHb

Y poborti [2] aBTOpaMu pearizoBaHO OaraToKaHaJbHY CHUCTEMY IIapalieIbHOTO BHMIpPIOBAaHHS YacTOTH Ha
ocHoBi FPGA ¢ipmu Altera Cyclone IV EP4CE10F17C8 i mikpomnpornecopHoro sapa NIOS II, ocHOBHOO 3amadeto
SKO1 € BUMipIOBaHHS iHQOPMAaTHBHOTO ITapaMeTpy CECHCOPiB (Di3MYHHUX BEJWYHH 3 YACTOTHUM BHXOJIOM. Po3po0bieHa
CHCTEMa YAOCKOHAIOE OaraToKkaHaJbHUN YHiBEpCaJIbHUN BHUMIpIOBaIbHAN mpmiag Ha ocHOBI FPGA, skuit mae 12
mapale’lbHUX BHMIPIOBAIFHUX KaHANIB Ui CEHCOPIB 3 4acTOTHUMH Buxoiamu [1], puc. 1. Insg mporo aBTOpH
nepepoOmwIH OJIOKH: JIYMIBFHAUKIB IMITYIIbCiB, 670K 00po0Kku manux, UART nepemaBad, 3reHepyBaiil i HATAIITYBaIN
MiKponpouecopHcS AApO Nios I, mOBTOpHO CHHTE3yBaIH CXEMY, PUC. 2.
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Puc. 2. Cxema 6araTokaHaJIbHOr0 4YacTOTOMipa 3 BUKopuctanusam siapa NIOS 11

Iarerpamist NIOS 11 y GararokaHajdbHHI 9acTOTOMIp JO3BOJIMJIA 3POOWTH CHUCTEMY THYYKOIO, JOJATH
norepeaHio 00poOKy, QiNbTpaIlifo OTPUMAHUX JAaHHUX 1 3MIHIOBATH KiTBKICTh 4aCTOTOMIpiB, 0€3 3MiHH aNTOpUTMY
00pOoOKH MaHMX, IO SBISUIOCS HEMOXIMBUM y TomepemHid peamizamii [1]. Hmsa ctBopenHs mpoekty min FPGA
BUKOpHCTOBYBanacs Bepcito Quartus 15.1 [8].

Jis iHTeTpanis MiKpOIIPOLIECOPHOI CHCTEMH B iICHYIOUY CXEMY 4acTOToMipa puc. 1, mepmum etamom 0yio
TeHepyBaHHs 1 HaJAMTyBaHHS MikpornpouecopHoi cucremu Nios II 3a gonmomororo yrumitu Qsys [9]. Ilicast yoro
O5oK JYMIBHMKA iMITynbciB OyB mnepepoOsieHuit, mix inTepdeiic simpa. Taki Omokm sik: oOpoOka JaHWX 3
miumnbHEKIB, UART nepenaBady, MOBHICTIO BTPATHIIM CBOIO aKTyaJIbHICTb, iXHIH (YHKIIOHAT IEPEHECTH Ha CTOPHO
sapa.

International Scientific-technical journal
«Measuring and computing devices in technological processes» 2023, Issue 2

73



Mixcnapoonuit HayKoeo-mexniunuil Hcypnan
«BumiprosanbHa ma o64ucnroeasnibHa mexHika 8 mexHO/102i4HUX npoyecax»
ISSN 2219-9365

Jlis mepeBipku IpaiiBepa 4acTOTOMIPIB JO CUCTEMH OyJO MiJ’ €IHAHO TreHepaTop JacToTd Ha 85 k[ mo
nepiroro Kasaimy. Ilicisi 3uMTyBaHHS 3HaYeHb YacTOTOMIpIB BinOyBaeTbcs (pOpMyBaHHS IMOBIJOMIICHHS, KOXKHE
3HaueHHs po3aiteHe cumBosioM «\t». CdopmoBane mnosimomieHHs Bimnpasisietbes 10 USB mopty IIK wepes
xoHBepTop PL2303, puc. 3.
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Puc. 3. Pe3yibTaT po00TH NPOLECOPHOI CHCTEMH 3 i1’ €XTHAHUMU 10 Hei YACTOTHUMU JaTYHKAMHU

®opMyJIIOBAHHA Wijel cTaTTi
Metow poboru €: inTerpamis [2C mpoTokormy y OaratokaHambHHHA dYactoTomip Ha FPGA mna
panioTeXHiYHOI CHCTEMH 3 YACTOTHUMH CEHCOpaMH (i3MuHMX BeNMW4uH [1-2], M0 J03BONUTH PO3IIUPHUTH CIIEKTP il
MOYKJIMBHX LIIAXiB BUKOPHCTAHHSL.

TeopeTH4Hi Ta eKCIEPUMEHTAJIBHI 10CTiIKEHHS

Janst komyHikanii i3 nndppoBUMHU ceHcopamu 0yJio 00paHo OMH i3 HalinompeHimux nporokoni - 12C [10].
s mmHa € omHiero 3 Moaubikaliidi TOCTIJOBHHUX MPOTOKOJIIB OOMIHY HaHUX. Y CTaHIAPTHOMY PEKHMI
3a0e3meuyeThCsl Mepeaada MOCTiMOBHUX 8-OiTHMX maHux 31 mBuakictio go 100 k6it/c, i mo 400 kOit/c B
"mBuakomy" pexumi. st 3ailicHeHHst mpoiiecy oOMiny iHpopmarieto o [2C mumHi, BUKOPHCTOBYETHCS BCHOTO JIBA
curHanu JiHis gaHux SDA ninis cusxponizanii SCL, puc. 4. Ilpocra nBoxmposinHa mociinoBHa muHa [12C
MiHIMIi3y€e KiTbKIiCTh 3’emHanph Mik IC, mo mpuU3BOAUTH MO 3MEHIICHHS 00’€My KOMYHIKAiHHUX CHONXyYeHb. Sk
pe3yIbTaT - qPYKOBaHI IUIATH CTAIOTh MPOCTIIINMH i TEXHOJIOTIYHIUMH TIPU BUTOTOBIICHHI.

Va4 ARE DEVICE DEPENDENT (2.g., 12V)

VDo1=5V£10% Vpbz Voo3 VD4

Rp Rp NMOS BIiCMOS CMOs BIPCLAR

SDA l l J. l

SCL

Puc. 4. ITiak/ao4eHHs 1eKiILKOX NPUCTPOIB 10 CHIJILHOT INMHHA

VY momnepenniit Bepcii cxemu [2], puc. 2, Bike Oyio inrerposano siapo NIOS II i mepepoOiieHo BCi OCHOBHI
Onoku min iHTepdelicu smpa. Jns iHTerpamii MiATPUMKH LU(PPOBHUX CEHCOPIB y ICHYHOUY CXEeMy HEOOXiJHO
BHKOHATH HACTYIIHE: CTBOPUTH iHTepdeiic sapa i miarpuMkn 12C 6moky, peamizyBatu [2C mpoTokon y BUTISAAL
oKpeMoro OJOKy s B3aemonii i3 mudpoBumMu ceHcopamu, Hanmcat 113 g migrpumkn 12C y sapi, cTBopuTH
JpaiBepy A MATPUMKHU IH(POBUX CEHCOPIB.

[lepmmm erarnoM sBISETBCS CTBOpeHHS iHTepdeicy y sapi mig 12C Onok. ['eHepamist i HajmamTyBaHHS
MIKpOIIPOIIECOPHOT CHCTEMH BiIOYBA€THCS 3a TOMOMOTol0 yTWiIiTH Qsys [9]. «I2C» - inTepdelic Ans miIKIIOYeHHS
610Ky, puc. 5, iHTepdeiic posainennii Ha 181 yacTuHu: 10 po3psiHA BUXiJHA IIMHA 3 MATPUMKOIO TIepepuBaHb (Ha
CTOpOHI Tporecopa); 17 po3psaHa BXijHa MIMHA, puUC. 6.
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Puc. 5. I'padiune Binodpaskenns intepdeiicy s 6a0ky «12C»

System: nios _ Path: i2c_out

‘System: nios _ Path: i2c_in

0000

022000

PIO (Parallel I/0)

altera_avalon_pio

PIO (Parallel I/O)

altera_avalon_pio

~ Basic Settings [~ Basic Settings
Width (1-32 bits): 17 width (1-32 bits): 10
Direction: ) B Direction: O Bidir
O Input @ Input
(O Inout O Inout
(®) Output () Output
Output Port Reset Value: [gx0000000000000000 Output Port Reset Value: [ox0000000000000000
~ Output Register [~ output

[] Enable individual bit setting/dearing

Enable individual bit setting/dearing

~ Edge capture register

[~ Edge capture register

Synchronously capture
Edge Type: RISING

Enable bit-clearing for edge capture register

Synchronously capture
Edge Type: ANY ~

[[] Enable bit-clearing for edge capture register

Level: Interrupt CPU when any unmasked I/O pin is logic true
Edge: Interrupt CPU when any unmasked bitin the edge-capture
register is logic true. Available when synchronous capture is enabled

- Interrupt [~ Interrupt
Generate IRQ Generate IRQ
IRQ Type: LEVEL RQ Type: EDGE -

Level: Interrupt CPU when any unmasked I/O pin is logic true
Edge: Interrupt CPU when any unmasked bitin the edge-capture

Puc. 6. IlapameTpn HasamTyBaHHs inTepdeliicy Aas 610Ky «12C»

register is logic true. Available when synchronous capture is enabled

JpyruMm eramnom sIBISIEThCA peatizamis anapaTaol yactuau 12C mporokomy. [2C mmHa BUKOPHUCTOBYETHCS
JUTS B3a€MOJIii 13 TU(POBUME CeHcopaMH. Pearizallisi JaHOTO MPOTOKOIY BiACYTHS Y CTaHOApTHIH OibmioTeri, ToMy,
BiH OyB peaii3oBaHHI amapaTHO y BHTIIAI OKPEMOTO CHCTEMHOro Onoky, puc. 7. Ha puc. 8 300pakeHO mporiec

nepeaadi naaux [2C KOMIIOHEHTOM.

[Ipu3HaYeHHS BXOIB/BUXOIIB:

AR S

BIJIIIPABKH BEJICHOMY,

clk — curHaN BiJ 30BHINTHBOTO TAKTOBOTO TEHEPATOPA;

reset N — OYHIICHHS BHYTPIIIHHOTO CTaHY JI0 TIOYATKOBUX 3HAYCHb;
ena — Kepye 103BOJIOM Ha BUKOHAHHS TPAH3aKIIii;

addr — 7-mu po3psiiHa [IMHA 3HAYCHHS K0T BIAMOBIAAIOTH apecy BEACHOIO MPHUCTPOIO;

I'w — BKa3ye HalpsIMOK Iiepejadi JaHuX;

data_wr — 8-Mu po3psiHa MIMHA 3HAYCHHS SKOT BIAMOBIaE OAWTy JaHUX MPU3HAYCHOTO JIJISI

busy — BKazye Ha npoliec BUKOHaHHS TPaH3aKIIii;

8. data_rd — 8-mm po3psiiHa mMHA, KA 30epirae 3unTaHui OalT 3 BEIEHOTO;
9. ack error — BKa3ye Ha BUHUKHEHHS IOMUJIKH I1iJ] YaC TPaH3aKILiT;

10. sda — rociiI0BHA JIIHISA JaHUX;

11. scl — mocmiToBHa JTiHIS TAKTyBaHHS.

i2c_master:inst

addr[6..gl_
data_wr[?..gl_

_ | ack_error

o busy
__data_rd[?. .0]
| sda

scl

Puc. 7. Biiok sikuii peanizye anapatny yactuny 12C npuiimaya/nepeaasaya
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Puc. 8. Bino6paskeHHs: curaaiis Ha ycix JgiHisix inTepgeiicy I2C munu npu cnpo6i nepeaayi jaHux

Tperim eramoM sBIse€ThCS peanmizamis mporpamuoi ydactuHH [12C mportokomy. Jus B3aemomii 3 12C
KOMIIOHEHTOM OYJI0 HAaITUCAHO IpalBep SKUN pO3AIICHUN Ha Bl YACTHHU:

1) HwxkHilt piBeHp — HAOMIDKEHHWH IO amapaTHOTO piBHS, IHKAICYJIOE poOOTy 3 amapaTHAMH
iHTEepdeiicamuy;
2) BepxHiii piBeHb - HaOIMKEHUH O NMPOTPaMHOrO 3a0e3NeueHHs1 KOPHCTyBaua, BUKOPHCTOBYE

HEe3MIHHUH iHTep(eiic KUl peali3yeThCsl HIKHIM piBHEM, ISl TOOY0BY BUCOKOPIBHEBHX IOJITHK MpoTokoiy 12C.
OCHOBHHUMH NPOTPaMHUMH KOMIIOHEHTAMH HMXKHBOTO PiBHS SIBJISIFOTHCS Bl (DYHKLIT SIKI BAKOPUCTOBYIOTh

PETiCTpHU MPOLECOPHOT CHCTEMH CTBOPCHI HA MEPIIOMY €Tari. 3aBIsKi HUM BiJOYBAETHCS MEPCKIIOUCHHS MK

pizaumu cranamu 12C GoKy, 3amuc/3UnTyBaHHS JaHUX, OTpuMaHHs iHdopmauii npo cran [12C munu, puc. 9-10.

alt 8 i12c hal reg write(alt uf reg mask, alt ud reg offset, alt ud value) {

// Bead last reg value and clear bits for set new v
alt w32 reg value = ICRD ALTERA AVALON PIO DATA(I2C OUT BASE) & (~((alt_u3Z)reg mask << reg offset));
// Update value for reg
reg value |= ((alt_u32)value & reg mask) << reg offset;

Write new value into register
IOWR_ALTERA AVALCN PIO DATA(IZC OUT BASE, reg value);
return RES OK;

Puc. 9. Peanizauis ¢pynkuii 3anucy y pericrpu 12C koMnonenta

: i2c_hal reg read(alt_uf reg mask, alt_uf reg_offset, alt_uf *values) {
check if pointer is wvalid

if (!walue)

return RES_ERR;

/ cut part of common register value

*valus = (ICRD ALTERA AVALCN PIC DATA(I2C IN BASE) & ((alt_u3Z)reg_mask << reg offset)) »>> reg offset;

return RES_CK;

Puc. 10. Peanizania ¢pynxuii 3uurysanns 3 perictpis 12C komnonenTa

Ha BepxHBOMY piBHI 3HAXOIATHCS peali3allii pyHKIIiH SKi BAKOPUCTOBYIOUH pealli3allii HIKHBOTO PiBHS,
OIUCYIOTh AJITOPHTMH 3aIHCY 1 3YMTYBAHHS PETiCTPIB 3 MiIAKIFOYESHHUX [0 LIMHK NPHUCTPOiB, puc. 11-12.
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alt 8 i2c write bytes(alt uf dev addr, alt uf reg addr, alt uf *w_data_arr, alt_ul len) {
alt ug i = 0x00;
alt u3Z irg state = 0x00;

if (i2c_is busy() || 'w_data_arr || !len)
return RES ERR;

f Disable all

irg state = sys_irg critical section begin();

iZc hal set_slave addr (dev_addr);

iZc hal set rw(IZC WRITE);

iZc _hal set write data(reg_addr);

iZc hal set ena(I2C ENABLE TRANSMISSION);

[/ Wait stage of set r

_i2c wait_for busy(TRUE);

for (i = 0x00; 1 < len; i++) {
i2c hal set write data(w _data arr[i]);
if (i2c_is=_err(}) {
iZc hal set ena(I2C DISABLE TRANSMISSICN);
sys_irg critical section_end(irg_state);
sys printf("\r\n%s() -> Err at set register value stage, dev: %d, reg: %d\r\a",
func_, dev_addr, reg addr + i);
return RES ERR;
/ Wait for write register wvalue stage
_iZc walt_for busy(FALSE);
_i2c wait _for busy(TRUE);

iZc_hal set_ena(I2C_DISABLE TRANSMISSION);
{ End of transmission

_i2c wait for busy(FALSE);

if (iZc iz err()) {
iZc _hal set_ena(I2C_DISABLE TRANSMISSION):
sys_irg critical section_end(irg state);
sys_printf("\r\n%s() -> Err at end of read process, dev: %d, reg: 3d\r\n",

__func , dev_addr, reg_addr + i);

return RES ERR;

= |

sys_irq critical section end(irg state);

return RES CK;

Puc. 11. Peanizanisi airopuT™y 3anucy 0aiTiB y BeJeHHii npucTpiii
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alt & iZ2c read bytes(alt uf dev_addr, alt uf reg addr, alt uf *r data arr, alt uf len) {
alt w8 i = 0x00;
alt u32 irg state = 0x00;

if (i2c_is busy() || 'r_data arr || !len)
return RES ERR;

Disable all interru

irg state = sys_irg critical section begin();

iZc_hal set slave_addr (dev_addr):

i2c hal set rw(I2C WRITE);

iZc_hal set write data(reg_addr):

iZc hal set ena(I2C ENABLE TRANSMISSICN):

/ Wait for start transmission

_i2c wait for busy(TRUE);

i2c_hal set rw(I2C_REALD):

if (i2c_is erx()) {
iZc_hal set ena(IZC_DISABLE TRANSMISSION) ;
3ys_irg critical section end(irg state);
sys_printf("\r\n%s() -> Err at start transmission, dev: %¥d, reg: 3d\r\n",

_ func , dev _addr, reg addr):

return RES _ERR;

m
m

Wait read stag

_i2ec wait_for busy(FRLSE);
for (i = 0=x00; i < len; i++) {

_i2c wait_for busy(TRUE);

Disab 1SMiss bef

transaction for av

if (i == len - 1)
i2c hal set ena(I2C DISABLE TRANSMISSION):

_i2c wait for busy(FALSE);
iZc hal get_read data(r_data_arr + i);
if (i2c is err()) {
iZc hal set _ena(I2C DISABLE TRANSMISSION);
sys_irg critical section end(irg_state);
sys printf("\r\n%¥s() -> Err during read register, dev: %d, reg: 3d\r\n",
func , dev_addr, reg addr + 1);
return RES ERR;

E e interrupts

sys_irq_critical_sectiun_end[irq_state];

return RES CKE;

Puc. 12. Peanizanis airopuT™My 34uTyBaHHs 0aliTiB 3 BeJeHOT0 NPHCTPOIO

Js nepesipku [2C nppaiiBepa g0 cuctemu Oyno min’emHano moaynab MPUG6050 skuii MiCcTHTH Tpu
IUppPOBUX JaTdrMKa (TiPOCKOI, aKceIepoMeTp, AAaTYMK TEeMIIepaTypH), B3aEMOMiS 3 HHMH BigOyBaeThcs 3a
noromororo [2C-muHn.

Jls oTpuMaHHS JaHUX 3 TPHOX NATYMKIB Oyio peamizoBaHo apaiiep MPU6050, Bin BukopuctoBye 12C
JpaiiBep 1 MICTUTHb TPH OCHOBHHMX (YHKIII SIKIi BUKOPHCTOBYIOTH IporpamHuii intepdeiic 12C mporokony mis
00iMiHy JaHUMH 3 TaT4uKamMu, puc. 13-15.
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alt g mpu6050_accel (mpu6lS0 t *mpu dev, alt 16 *x, alt_le *y, alt 16 *z) {
alt ud accel data[MPUE050 ACCEL REG NUM] = {0x00};

If ('mpu dev || ! mpu€030 get dev by(mpu dev-addr) || 'x [| 'y [] 'z) {
sys_printf("\r\nis() -> Error incorrect parameters\r\n", func );
return RES ERR;

if (i2c read bytes(mpu dev->addr, MPU60S0 RA ACCEL XOUT H, accel data, MPU60S0 ACCEL REG NUM)) {
sys_printf("\r\nis() -> Error read from dev: %d, reg: %d\r\n", func , mpu dev->addr, MPUE0S0 RA ACCEL XOUT H);
return RES ERR;

[/ Converting received data into accel x, y, 2

“x = (((alt_l6)accel data[0]) << &) | accel data[l];

“y = ((({alt_l6)accel data[2]) << &) | accel data[3];

¥z = (((alt_l6)accel data[4]) << &) | accel data[5];

¥ = "x < 07 (alt_l€) (mpu dev-racc coeff * (*x * -1}) * -1 : (alt_l€) (mpu dev->acc coeff * *x);
Yy =y < 07 (alt_l€) (mpu_dev-racc_coeff * (*y * -1}) * -1 : (alt_l€) (mpu_dev-»acc coeff * *y);
¥z = %z ¢ 07 (alt_l€) (mpu dev-acc coeff * (*z * -1)) * -1 : (alt_l€) (mpu _dev-»acc_coeff * *z);

return RES OF;

Puc. 13. 3unTyBanHs 3Ha4eHb 3 aKceJepoMeTpa

alt 3 mpu6050_gyro(mpugls0 t *mpu dev, alt 16 *x, alt 1 *y, alt_le *z) {
alt uf gyro data[MPUG050 GYRO REG NUM] = {0x00};

if ('mpu dev || ! mpu6050 get dev by(mpu dev->addr) || 'x || 'v [] 'z) {
sys printf("\r\n%s() -> Error incorrect parameters\rin", func );
return RES ERR;

If (i2c_read bytes(mpu_dev->addr, MPU60S0 RA GYRO XOUT H, gyro data, MPUE050 GYRO REG NUM)) {
sys_printf["\r\n%s[] - Error read from dev: %d, reg: 3d\ra", __func_, mpu dev->addr, MPU€0S0 RA GYRO XOUT H);
return RES ERR;

/{ Converting received data into gyro %, v, Z

*x = (((alt_1€)gyro data[0]) << 8) | gyro data[l];
Yy = (((alt_1€)gyro data[2]) << 8) | gyro data[3];
*z = (((alt_1€)gyro data[4]) << 8) | gyro data[3];
'R =% < 07 (alt_16) (mpu_dev-»gyro coeff * (*x % -1)) * -1 ¢ (alt_le) (mpu dev->gyro _coeff * *x);
Yy =ty < 07 (alt_16) (mpu_dev->gyro coeff * (*y * -1)) * -1 ¢ (alt_le) (mpu dev->gyro_coeff * *y);
Yz =%z ¢ 0?7 (alt 16) (mpu dev->gyro coeff * (*z * -1)) * -1 ¢ (alt l€) (mpu dev->gyro coeff * *z);

return RES OK;

Puc. 14. 3uutyBaHHs 3Ha4eHb 3 ripockona
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alt 8 mpué050_temp (mpuels0_t *mpu_dev ,alt_ulé *temp) {
alt uf temp data[MPU€050 TEMF REG NUM] = {0x00}, guard cnt = MPUE050_TRYS TO READ;

if (!'mpu dev || ! mpu6050_get_dev_by(mpu_dev->addr) || !temp] {
sys_printf("\r\n%s() -> Error incorrect parameters\ri\n", _ func_);
return RES ERR;

read temp:
if (i2c_read bytes(mpu_dev->addr, MPU6050 RA TEMP OUT H, temp data, MPUG050_TEMP REG NUM)) |
sys_printf("\r\n%s() -» Error read from dev: %d, reg: %d\r\n", _ func_, mpu dev-»addr, MPUE050_RA TEMP OUT H);

return RES_ERR;

// Check if data reads correctly
if (temp data[0] == 0 && temp data[l] == 0} {
f/ Read allowed only guard cnt number
if (guard cnt—-) {
goto read temp;

} else {

[

/ . temperature valu
“temp = (((alt_uleg)temp data[0]) << 8) | temp data[l]:
{{float) *temp / 340) + 36.53;

*temp
return RES_OK;

Puc. 15. 3untyBaHHs 3HaYeHb 3 TEMIIEPATYPHOIO JATYHKA

OyHKIISA SKa BUKOPUCTOBYE pealli3oBaHMi ApaiiBep CHEpIIy iHimiaii3ye HOro, MIiCJs YOTrOo MOCITiTOBHO
BUKIIMKA€ 3YMTYBaHHS JaHHX 3 aKcelepoMmeTpa, TipocKoma i TeMIepaTypHOro JaTduka, peanisauis (yHKOil
300pakeHa Ha puc. 17. [licis 34nTyBaHHS OTPHMaHUX 3HAYCHB BiOYBaeThCs (GOPMYBaHHS ITOBIIOMIICHHS 3 HUMU, Y
MOCTITOBHOCTI iX 3YUTYBaHHS, KOXXKHE 3HAYCHHS po3aiieHe cuMBOoM «\t». CdopMoBaHe NOBITOMIICHHS
Bianpasisietbess aas nepenadi Ha UART, no sikoro min’ennanumit konBeprop PL2303 skuit y cBow uepry
nig’equyerses 1o USB mopty ITIK. Ilepmri 12 3HaveHb BiANOBIAaIOTh 3HAYEHHSIM YacCTOTOMIpIB, HACTYIHE —
3HAYEHHs TEMIIEPaTypH, HACTYIIHI TPH — 3HAUSHHS aKCeJIepOMEeTpa 1 OCTaHHI TPU — 3HAYEHHS ripockomna, puc. 16.
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Puc. 16. PesyabTat po6oTn cuctemu 3 mia’exnanumu 12C naTunkamu
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int main() {
sys_printf ("Freguency meter initializingi\rin™):
if (fm dinit ())
sys_printf ("Error during freguency meter initializinghrn"):

sys_printf("I2C initializingirin™):
if (i2c_imit())
sys_printf ("Error during I2C initializingirwn™);

sys_printf ("MPUE050 initializingirin™):;
if (mpuelS50_init (fémpu dewv) )
sys_printf("Error during MPUE050 initializinghzhn™);

J* Ewent loop newver exits

whil L)y i
alt_16 = = O0=x00, ¥ = Ox00, = = 0Ox00;
alt ulé temp = 0x00
alt w8 i = 0x00;

for (; i < CHANNEL MAX: i++)
data printf(i == 02 "3%d" : "“t3d", fm get_freqg(i)):

mpuﬁbso_tenptampu_dev, Etemp) ;
data printf ("\t3d", temp):

mpuel50_accel (ampu dewv, &x, &¥, &Z) !
data printf("\tc3dhcidhcsd", =x, ¥, Z)7;

®x =y = = = 0Ox00;
mpu&d50_gyro (&émpu dev, &x, &V, &Z);
data printf("\c:d\csdicsdichn", x, ¥, Z);

data printf("\zhn"):
sys_delay ms (100) ;

retarn 0O:

Puc. 17. 3untyBanus 3Ha4eHs 3 gpaiiBepa MPU6050 i BuBix orpumanux nanux Ha UART

BuCHOBKH 3 1aHOTO IOCTiKEHHSI i MepCcneKTHBH MOAAJIbIINX PO3BiIOK Y JaHOMY HanpsiMiB

CuHTEe30BaHO cXeMy /i1 0araToKaHaJbHOI CHCTEMH IMapajeibHOr0 BHUMIPIOBAHHS YacTOTH Ha OCHOBI
FPGA o¢ipmu Altera Cyclone 1V, sika Mae 12 napaneibHUX BUMIPIOBAJIEHUX KaHAIIB ISl CEHCOPIB 3 YACTOTHUM BHXOJIOM,
6asyerhes Ha MikpomporiecopHomy sipi NIOS 1T i Moxe B3aeMoisTH 3 HU(PPOBUMU CCHCOpaMK (DI3HUHHUX BeIUYUH. J[yist
KOMYHIKaIii 3 nupoBUMH CEHCOpaMHu Oylo oO0paHO OAWH i3 HaWmomupeHimmx mnpotokoni - 12C. Llg mmHa €
onHi€0 3 MomudiKamiii MOCTHiIOBHUX IMPOTOKONIB OOMiHY maHUX. Y momepenHiii Bepcii cxemu [2], Bxke Oyio
iaTerpoBado sapo NIOS II i mepepoOneHo Bci ocHOBHI Onoku min iHTepdeiicn sapa. Tomy mmsa iHTerparmii
MiATPUMKH AP POBUX CEHCOPIB Y iICHYIOUY CXeMy JOBEJIOCS JIMIIe CTBOPUTH iHTepdeiic sapa mis [2C, peanizyBatn
12C mporokon y Burmsiai amapatHoro Onoxy, Hanmucatu [13 mna miarpuvkn [2C mmHU. B kiHIEBOMY pe3ynmbTaTi
OyJi0 OHOBIIEHO cXxeMy il nmpwiany [2], 1o Hel Oyio 10JaHO OJMH HOBHUH OJIOK SKWH OIKCY€ anapaTHy YacTHHY
12C 1 intepdeiic s sapa. MakcumallbHa JIOMyCTUMa KUIBKICTh MIKpOCXeM, npuenHanux 1o onsiel 12C muHwy,
OOMEXYETBCS MAaKCHMAJIBHOK €MHICTIO IMHHM ska craHoBuTh 400 nmd. Y sKocTi BUXITHOrO iHTEpdeicy
BUKOpHUCTOBYEThCs 1ppoBuii nporokon UART. Takox s niarpumku [2C npotokoiny i HudpoBUX CEHCOPIB OYII0
PO3p0o0IIeHO TporpaMHe 3a0e3IeUeHHs, SIKe IOMOBHIOE MOIEPEIHI0 Bepcito peanizarii [2] i mo3Boisie 00poOIsITH
JlaHi 3 4aCTOTOMIPIB 1 IU(PPOBHUX CEHCOPIB OJHOYACHO.
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