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CUT'HAJIBHUM TEPETBOPIOBAY JIJIS1 MIKPOEJIEKTPOHHUX CEHCOPHHUX
IMPUCTPOIB

B po6omi HasedeHo supiulyemubcst 3adaua po3pob/aeHHs1 YHIBepCa/bHO20 CUZHA/IBbHO20 hepemeoprsava 0/s
no6ydosu iHmezpogaHux ceHcopie 8 koHyenyii cunmesy danux (Data Fusion). BukopucmaHHsi po3po6.1eHo20 KoHeepmopa
3a6e3neyye WUpoKy @HYHKYIOHANbHICMb w000 NOEOHAHHS pI3HUX Memodie 6UMIPIO8A/IbHO20 nepemeopeHHs mda
810n08idHICMb CYYaCHUM MeHOeHYisIM pO38UMKY MIKpOeJeKMpPOHHOI CEHCOPUKU.

Karouosi cao06a: ceHcop, 3aummsi aHUX, CUZHA/IbHUL Nnepemaoprosay, NpozpamMo8aHad cucmemd.
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SIGNAL CONVERTER FOR MICROELECTRONIC SENSOR DEVICES

The present paper is devoted to the implementation of the signal converter of integrated sensors in the concept of data synthesis
(Data Fusion), which is based on the process of integrating multiple data sources to obtain more consistent, accurate and useful information
than that provided by any single data source. In sensory technology, the concept of data fusion involves the fusion of data of integrated
heterogeneous sensors, ie different in essence measurement transformation of information sources. The problem of development of the
universal hardware-software signal converter for construction of the integrated sensors is solved in work. The main requirements for such a
transducer are a wide range of functionality for combining different methods of measuring transformation and compliance with modern
trends in the development of microelectronic sensors. The functionality of the signal conversion is provided by the ability to implement the
measurement conversion of the signal on the principle of "actuator-sensor” with different physical quantities - electric current, electric
capacity, heat, light, magnetic field. Given the requirements for modern microcircuits, in particular for the sensing devices of the Internet of
Things, the signal path of the synthesized sensors is implemented on the basis of PSoC family 5LP Family Cypress. The structure of the signal
converter is developed on the basis of built-in PSoC elements which includes units of digital and analog systems, units of the microprocessor,
matrices of volatile and nonvolatile memory, system resources, and also knots of programming and management of power consumption. To
debug the developed hardware and software signal converter and implement integrated sensors based on it, software was develop ed with
which you can perform dynamic reconfiguration of the system, specification of its components, set measurement modes and graphically
display the results. Approbation of this system was carried out in the process of implementation of integrated sensors of thermal analysis,
optoelectronics, magnetic tracking and impedance spectroscopy.

Keywords: sensor, Data Fusion, signal converter, programmable system.

IMocranoBka npodJemMu
OCHOBY CyYaCHHX MiKpOEIEKTPOHHUX CEHCOPHHUX IPUCTPOIB CKIANAl0Th CHTHAIBHI MIEPETBOPIOBAYl, SIKi
peanizyloTh BUMIpIOBAJIbHE TIEPETBOPEHHSI CUTHAITY 3 PI3HUMH (I3UYHHMHU BEJIMYMHAMU — EJIEKTPHYHUM CTPYMOM,
€JICKTPUYHOIO €MHICTIO, TEIUIOM, CBIiTJIOM, MAarHiTHUM TojeM Tomo. Jlis 3a0e3nedeHHs pi3HUX METOMIB
BHUMIPIOBAILHOTO IIEPETBOPEHHS Ta BiJIIOBIIHO O CYyYaCHHX TEHACHIIH PO3BUTKY MIKPOENEKTPOHHOI CEHCOPUKH
BUHHKAE 1OTpeda y CTBOPEHHI HOBHX ITiAX0AIB NOOYI0BU (DYHKIIOHATBHUX CUTHAIBHUX IEPETBOPIOBAYIB.
AHaJi3 ocTaHHIX [Kepen

Po3BUTOK Cy4acHO! CEHCOPHOI TEXHIKH TICHO ITOB'SI3aHMKA 3 BHUKOPUCTAHHSM HOBITHIX TEXHOJIOTIH,
30KpeMa, KOHIeNIii iHpopMaIiftHnx TexHoorii — cuare3y mnanux (Data Fusion) [1]. B y3aranpHeHOMY BHII 3THTTS
JAHUX TPEICTABISAETHCS SK MPOLEC IHTErpalii JEKITBKOX JDKEpea JaHWX JUIs OTPUMAaHHS OUIBII TOCIIOBHOI,
TOYHO{ Ta KOPHCHOI iH(popMaIii, HiX Ta, M0 HATAETHCS OyIb-SIKUM OKPEMHUM JDKEpenoM AaHuX [2]. XapakTepHUMH
NPUKIaaMy Tajly3eld 3aCTOCYBaHHsI TEXHOJIOTIT 3JIMTTS AaHUX € CHCTEeMU HpOrHo3yBaHHs [3], po3ymHi (cmapr)
moBcronHI (Bcecymli) cepemoBuma (Smart Ubiquitous Environments), 30kpema, [ateprer Peueit IoT (Internet of
Things) [4], cuctemu HaBiraiiii [5], 3acodu 00poOIeHHS Bi3yallbHOI iH(pOopMaIlii, 30kpeMa, B MeIUIUHI [6], mpucTpoi
JIOAMHO-MAIIUHHOTO iHTepdeiicy Ta amaparypa miarHocTuku, 30kpema, BCI (Brain Computer Interface) —
iHTEepdeiic Mo30K-KoMIT foTep 7] Tomo.

B ceHcopHi TexHilli KOHLENIis 3TUTTS AaHKUX 00yMOBMWIIA PO3BUTOK HAINpPSIMKY — CHHTE3 JIAHUX CEHCOPIB
(Sensor Data Fusion), un B OiLIpII KOPOTKOMY MOHSTTI — cuHTe3 ceHcopiB (Sensor Fusion). 3mebimpmoro mix
CHHTE30M CEHCOPIB PO3yMIIOTh 3JIUTTS JAHHMX IHTEIpOBaHMX rereporeHHux ceHcopiB (Heterogeneous Sensor Data
Fusion), To0TO pi3HUX 3a CYTTIO BHMIPIOBAJIBHOTO MepeTBOpeHHs kepen iHopmarii [8]. Cepen oCHOBHUX TeM
HAyKOBHMX JIOCHI/DKEHb B Iiil ramysi Bi3HAYNMO: ITOPUTMH 3IMTTS MYJIbTHCEHCOPHUX JaHUX [9], aHami3
palLliOHANBHOTO 3JIUTTSA CYyNEpewIMBUX AaHMX IHTErpoBaHMX ceHcopiB [10], cHHTE3 MyJIBTHCEHCOPHHX CHCTEM
Hagiramii [11] Ta MOHITOPHHTY aKTWUBHOCTI Jromei [12], anropuTmiuHi pimieHHS Ta yHiQikamis (pedMBOpKY
(Framework) interpoBanux cencopis [13].

BusHauanbHUMH BUMOTaMH IO Cy4YacHHX CEHCOPHHX IIPHCTPOIB € BIANIOBIOHICTh iX CHTHAJIBHUX
NepEeTBOPIOBAaUiB JJO KOHIEMNLIl arnmapaTHo-porpamHuoi peanizanii Cucrem Ha kpucrtan (Programmable System on
Chip, PSoC) . Taxki ceHcopHi CHTHAJIbHI TIEpETBOPIOBAYi, CYYacCHIUM BapiaHTOM Ha3BH SIKUX € CEHCOPHHUA (PPOHT-SHIT
(Sensor Front-End) moBuHHI 3abe3nedyBaTi (DyHKI[IOHYBAaHHS TPH HHU3BKMX HAIpyrax >XHUBJICHHS, MiHIMaJIbHE
€HEeProcroXUBaHHS, YHIBEPCAIBHICTb, CTAOUIbHICTh (DYHKI[IOHYBAHHS MPU 3MiHI 30BHIIIHIX (akTopis, rail-to-rail
pexumu pobotu Tomo. KpiM Toro, B CBIiTII Cy4acHHX TCHICHIIH PO3BUTKY iH(OOpPMAIIHHUX CHCTEM, HOBE
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MTOKOJIHHS CEHCOPHHUX IPHUCTPOIB Mae BiAmoBimaTh koHmemnmisM JlaGoparopii Ha uwini (Lab-on-Chip) [14] Ta
Iareprery Peueii (IoT, Internet of Things) [15].

Mertoio poboTu €: mo0OynoBa yHIBEpCAIbHOIO alapaTHO-IPOrPAMHOTO CHUTHAIBHOTO NEPeTBOPIOBaYa Ha

ocHoBi ocHOBI PSoC cimetictBa SLP mns peanizamii TeXHOJOTIT CHHTE3Y JaHUX HMUITXOM iHTErparlii JKepel TaHuX 3
pi3HUMU QI3UYHUMH BEIMUNHAMH.

BukJiag o0cHOBHOT0 MaTepiajy

VY BiAmoBiZHOCTI 10 copMysIbOBaHOI 3aiadi B CTATTI HPEICTABICHHH MOAAIBIINI PO3BUTOK anapaTHO-
MPOTPaMHHX DIIICHb CHHTE30BAaHMX CEHCOPIB Ha OCHOBI KOMIIOHEHTIB MIiKpPOCXEMOTEXHIKH. BpaxoByroun BUMOrH
JI0 Cy4acHOI MIKpOCXEMOTEXHIKHM, 30KpeMa 10 CEHCOpPHHX HpHUCTpoiB IHTepHery Peuel, CUrHaIbHHHA TpakKT
CHHTE30BaHUX CEHCOpiB peanizoBano Ha ocHOBI PSoC cimeiictBa SLP Family Cypress Semiconductor Corporation
[16]. Ho crpykrypu PSoC BxomsaTh By3nu nu(poBHX Ta aHAJIOTOBUX CHCTEM, BY3JIHM MIKpOINpPOIECOpa, MaTpPHIIi
€Hepro3aJIe)KHOI Ta EHEeProHe3ISKHOI 1aM’ATi, CHCTEMHI PECypCH, a TaKOX BY3JIM NPOrpaMyBaHHS Ta KepyBaHHs
eHeprocroxnBaHsAM. OCHOBOIO II(POBUX BY3JIB € MAaTPULs yHIBEpCaTbHAX IM(POBUX OJIOKIB, CIICIiani30BaHUX
uudpoBux OJIOKIB, 30KpeMa Juis peajizauii iHTepdeiciB, TaliMepiB, IHPOTHO-IMITYJbCHUX MOJIYJSTOPIB TOILO.
Amnanorosumu By3inamu PSoC € Giioxu Ha mepeMHUKaIbHUX KOHACHCATOpaxX Ta OJOKH 3 HEMepEepBHUM CHUTHAILHUM
TICPETBOPEHHSIM, 30KpeMa: OIepalliiHl MiJCHIIIoBayi, KOMIIApaTOpH, JpKepela ONOPHOI HANpyrd Ha TMPHHIMIT
3a00pOHEHOI 30HH, aHAIOTOB1 MYJIBTUIUIEKCOPH TOIIO. By31H 3’ € HYIOTHCS TIPOTPaMHO KOH(ITYPOBAHOIO MEPEXKEI0
CUTHAJIbHUX JIHIH.

Bu3sHayaqpHUMH ~KOMIOHEHTaMH cucreMd PSoCS5, Ha OCHOBI SIKMX peali30oBaHO CHTHAIbHHN
meperBopioBad (puc. 1), €: nudpo-ananorosuit nmepersoptoBad VDACS, cunTesytoumii renepatop Wave DACS,
taiimep Timer, perictp kepyBannsi Control Reg, moninenuk yacroru Freq. Divider, MynsTudyHKIIIOHATBHUI Mikcep
Mixer, omepamiiiHi migcwmoBawi Oamp, TiACHIOBaY 3 MporpaMoBaHuM KoedimieHToMm mifcmineHHs PGA
(Programmable Gain Amplifier), ananoroBuii MynsTHILIEKCOp AMuX, aHanoro-uudposi nepersoproBadi ADC Ha
OCHOBI Jenbra-curma Moayisitopa DelSig ta pericrpa nociinoBHoro HadmmkenHst SAR. st peanizaiiii eMHICHHX
ceHcopiB BukopuctaHo komrnoHeHT CapSense CSD, a ceHcopiB TemmepaTypd — KOMIOHEHTH BHMIipIOBAaJIbHOI'O
nepeTBopeHHs Ha Tepmopesucropax RTD Ta tepmonapax Thermocouple.

3 MeTOI0 MiABUIICHHS ¢(DEKTUBHOCTI PO3POOKH BHCOKOTOYHUX CEHCOpPIB TeMiieparypu B cucteMi PSoC5

nepen0ayeHi KOMIIOHEHTH BUMIPIOBAJILHOTO IEpeTBOpeHHs Ha TepMmopesuctopax RTD (puc. 2 a) ta Tepmonapax
Thermocouple (puc. 2 6).
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Puc. 1. Peanizanisi curiainbHoro nepersopropada Ha PSoC

Jiis migBUINEHHS TOYHOCTI BHUMIPIOBAHHS BHUKOPHUCTOBYIOTHCS IIOJIIHOMiaNbHA ANpPOKCHMAIlis (YHKIis
NIepeTBOPEHHs. Y BiKHaX KOH(IrypyBaHHS IIMX KOMITOHEHTIB BiZIOOPa)KaeThCsl PO3PAaXyHOK IMOXUOKH BUMipPIOBaHHS
TeMIEepaTypHUB 3aJISKHOCTI Bifl Jiala30HY BHMIpIOBAHHS Ta MapaMeTpiB ampoOKCHMalii. Pe3yipraT BHUMIipIOBaHHS
TEMIIEpaTypH OTPUMYETHCS 3 BUKopuctaHHsM API ¢pyHkuis ta meperBopens, 30kpema: rtdRes = GetRTDRes(vRef);
rtdTemp = RTD_GetTemperature(rtdRes); decTemp = rtdTemp/100; fracTemp = rtdTemp - (decTemp * 100).
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a) 0)
Puc. 2. Burasa intepdeiicy HanamTyBaHb TeMIepaTYPHOI KOPEKIii: : a) — HA TePMOPe3HCTOPAX;
0) — Ha TepMonapi

ExcnepuMeHTAIBHI J0CTIIZKeHHA Ta NPUKJIAAN peaizamii

Jlns  HamamTyBaHHS pO3pOOJICHOI amapaTHO-IIPOrPaMHOI CHCTEMH CHTHAJIBHOTO IIEPETBOPCHHS Ta
peaiizariii Ha Hill iHTETPOBaHUX CEHCOpPIB po3pobieHo mporpamue 3adesneuerHs PSoC MS (PSoC Multi Sensor).
BukopucTraHHs 11bOTO MPOTPaMHOro 3a0e3MeYeHHs! TO3BOJISIE TPOBOJUTH JUHAMIYHE PEKOH(IrypyBaHHS CHCTEMH,
cnenuikamito ii KOMIIOHEHTIB, BCTAaHOBIIOBATH PEXHMH BHMIpIOBaHHS Ta rpadidHo BimoOpaxkaTw OTpHMaHi
pe3yIbTaTH.

AmnpoGanisi 1i€i cucremu Oyiia 3ificHeHa B mpoleci peanizamil pi3HOMaHITHUX IHTErpOBaHUX CEHCOPIB,
30KpeMa, CEHCOpIB TEepPMIYHOIO aHajli3y Ha NpHHIMNI JudepeHmiiHoi ckanytodoi karopumerpii (Differential
Scanning Calorimetry), ceHcopax HpPOCTOPOBOTO IIOJIOKECHHS Ha MPUHIMWII MarHiTHoro TtpekiHry (Magnetic
Tracking), cencopax onroenektpoHiku (Ha onromapax LED/OLED - ¢oroniox) Ta iMmeaaHcHOI CHEKTPOCKOMIT
(Impedance Spectroscopy).

[lpuknagy BUKOPHCTaHHA IPEACTAaBICHOI B pPOOOTI CHCTEMH CHTHAJbHOTO MEPETBOPSHHS B
KaJIOPUMETPUYHUX CEHCOpaxX Mpe/ICTaBIeHo Ha puc. 19, a B ceHcopax MarHiTHOro TpeKiHry — Ha puc. 20.
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Ha puc. 4 a mpezncraBieHo pe3ysibTaTH BUMIpIOBaHHS ()OpM CHIHANy akTHBaLii (3BepXy) Ta BIATYKY
(3HM3Y), 1110 BUKOPUCTOBYIOTHCS JJIsl PO3PAaXyHKY AIHCHOT Ta ysIBHOI CKJIaqoBuX immenancy. [Ipukian chopmoBanoi
nmiarpamu HaiikBicTa 3a pe3yapTaTaMy BUIIEPO3IIITHY THX BUMIiPIOBaHb MIPEACTABICHO Ha puc. 4 0.
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Puc. 4. Pe3yibTaTn A0CTiKeHHs iMIIeIaHCHAX XaPaKTEPUCTHK: a) — CHTHAJIM aKTHBaNil Ta BiIryKy;
0) — niarpama HaiikBicTa
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BucHoBku

Po3poOniennii  cUrHaJbHUI TIEPETBOPEHHS MOXE OyTH BHKOPHUCTAHHMH JJIsi NMOOYNOBHM IHTErpOBaHUX
CEHCOPIB 3 peaizalli€o TeXHOJOTI CHHTEe3y MaHWX 3 PI3HUMH (i3WYHUMH BEIMYMHAMH — €JIEKTPUIHUM CTPYMOM,
SJIEKTPUYHOIO EMHICTIO, TETIJIOM, CBITJIOM, MarHiTHUM IIOJIEM.
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