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2. Functional integration in signal transducers of photovoltaic sensor devices with optical telecommunications

Pedepar:

1. B pucepTauiinil poboTi po3B’s13aHO HAyKOBO-MIPAKTUYHE 3aBJAHHS PO3LMMPEHHS (PYHKLIOHAIBHOCTI Ta
IigBUIIEHHS e(PEeKTUBHOCTI (PYyHKLIOHYBaHHS (POTOEIEKTPOHUX CEHCOPHUX NPUCTPOIB 3 ONITUYHOIO
TeJleKOMYHiKalli€lo, 110 nepefdayae CTPyKTYPHO-CXEMHMI CUHTE3 Ta [IapaMeTpUYHUI aHasli3 6a30BUX BY3J1iB
(poHT-eHy 3MillaHOTrO cCUrHabHOrO neperBopeHHs (Mixed Signal Fron-end). Taki ceHcopHi npuctpoi
BiZINIOBiZAIOTh KPUTEPISIM CYyMiCHOCTI 3 (POTOBOJIbTATYHMMU KOJIaMU KUBJIEHHS Ta KEPYBaHHS; MIKPOIIOTY>KHOTO
crioxuBaHH# Ta Rail-to-Rail pyHKUIiOHYBaHHS, MTPOrpaMoBaHOro KOHQIrypyBaHHS Ta KEPyBaHHS,
MyJIbTUQYHKIIOHAIBHOCTI Ta peasisalii B 6asuci cucrtem Ha Kpuctasi.OCHOBHOIO BiIMiHHICTIO PO3IJISIHYTUX B

IYcepTaliliHii poboTi 3aC06iB CUTHAJIBHOTO EPETBOPEHHS € (PYHKILIOHAJIbHE iHTETPyBaHHSI KiJl



(oTonepeTBOPIOBAYiB Yy BifMIOBIIHOCTI A0 KOHLENLii 31UTT fanux (Data Fusion). IHmyMu, cnopifHeHUMY,
TepMiHaMH Liiei KOHIEeMNIil € 3MUTTS JaHUX B CEHCOPHUX MPUCTPOsiX (Sensor Data Fusion), uu B 6ibI1 KOPOTKOMY
dopmyoBaHHi 31UTTS ceHcopis (Sensor Fusion). B koHTeKcTi aucepTaniiiHoi poboTU Take PyHKIiOHAJIbHE
iHTerpyBaHHs lepei6adae BUKOPUCTAHHS €IMHOTrO (POTONEPETBOPIOBAYA, 30KpeMa (POTOBOJIbTAIYHOI aHe i B
NIO€/IHAHHI 3 BifITIOBIIHUMU MYJIbTU(QYHKLIOHATILBHUMU CUTHAJIbHUMU [1€PETBOPIOBAYaMHU, [JIs peasidallii JeKiIbKox
dyHKLil - PpoTooceHCOpUKH, GPOTOBOJILTAIYHOIO XKUBJIEHHS Ta ONTUYHOI TeJIeKOMYHiKallii. 3 MeTO po3MNpPEeHHs
(OYHKLiOHATBHOCTI (POTOEJIEKTPOHHUX CEHCOPHUX IPUCTPOIB PO3POOJIEHO Ta alIPOOOBAHO CUTHATIbHUI
nepersopioBad PIT (Programmable Impedance Transducer), B SKOMYy CUHTE3YIOTbCSI IPOTrPAMOBaHi
By3bkocmyrosuii NBT (Narrow Band Transducer) ta mupokocmyrosuit WBT (Wide Band Transducer) curHamnbHi
TPaKTU TPaHCiMIIeaHCHOTO TUIY. By3bKOCMYroBUMU TPaKTaMu 3a0€3I1€4yI0ThCSI BUMOTH YaCTOTHOI CE€JIeKTUBHOCTI
iH(pOpMaTUBHOTrO CUTHAIY, a BiITaK, BUCOKO]I 3aBaLOCTIMKOCTI. IIINPOKOCMYTrOBUMU TPAKTaMU 3a0€31€UyI0ThCS
BHCOKA JIIHIMHICTh [IEPETBOPEHHS B IIUPOKIiN CMY3i 4aCTOT, 10 BUPILIYE TaKi 3a4a4i, SIK JOCIIPKEHHS CIIEKTPAJIbHUX
XapaKTePUCTHUK JOCiIpKyBaHNX PEYOBUH, KaJibpyBaHHS CEHCOPIB UM iHTEeIPyBaHHS B Taki ceHCoOpU
iHTesIeKTyabHUX QYHKIIiM caMOIiarHOCTUKU. 3 METOIO MiABUILEHHS PO3[iJIbHOI 31aTHOCTI Ta TOYHOCTi aHaJIOro-
g poBoro nepeTBopeHHs po3pobeHo Ta anpob6oBaHo GPOHT-EH, 3MIIIaHOTO CUTHAJIbHOTO iepeTBopeHHs PTIC
(Programmable Trans-Impedance Convertor), o noegHye PpyHKLii TpaHCIMIIEZAHCHOTO i CUIEHHS Ta IPOTPAMHO
KEpOBaHOTro iHTerpyBaHHs. ¥ BillIOBiAHOCTI 40 KoHUemnuii 3nuTTs naHux (Data Fussion) 3a6e3neuyeTbcs
(POpMyBaHHSI MaCUBY pe3yJIbTaTiB BUMipIOBaJIbHOTO IEPETBOPEHHS IIPU NIeEpeMUKaHHi pesxxumis podotu PTIC 3
iHBepCi€el0 HaNPyry Ha iHTErpyl04YoOMy KOHIEHCATOPi. BUKOPMCTOBYIOUM L€l MACUB Ta BiJIOBIIHI aJITOPUTMU
KOpeKLii napa3uTHUX OpendiB cxeMu iHTerpyBaHHS, Bili/II0Th KOPUCHY Ta MMapa3uTHY CKJIaJoBi curHany. Ha
BiIMiHY BiJi CX€MU €JIEMEHTAapHOr0 iHTErpaTopa, Bil0yBa€TbCsl MOAYJIALiS BUXiAHOI HAIIPYTX Y BCbOMY JliaNa3oHi
HaMpyT pKepeJia JKUBJIEHHS, 0 3abe3evye MiIBULIEHHS PO3iIbHOI 3IaTHOCTI Ta TOYHOCTI MOAAIBLIOrO aHAJIOTO-

1iudpoBe epeTBOPEHHS.

2. In the dissertation work, the scientific and practical task of expanding the functionality and increasing the
efficiency of the operation of photoelectronic sensor devices with optical telecommunication is solved, which
involves the structural-schematic synthesis and parametric analysis of the basic nodes of the front-end of the
mixed signal transformation (Mixed Signal Front-end). Such sensor devices meet the criteria for compatibility with
photovoltaic power and control circuits, micropower consumption and Rail-to-Rail operation, programmable
configuration and control, multi-functionality and implementation in the basis of systems on a crystal. The main
difference between the means of signal conversion considered in the dissertation is the functional integration of
photoconverter circuits in accordance with the concept of data fusion (Data Fusion). Other, related, terms of this
concept are data fusion in sensor devices (Sensor Data Fusion), or in a shorter formulation sensor fusion (Sensor
Fusion). In the context of the dissertation work, such functional integration involves the use of a single
photoconverter, in particular a photovoltaic panel in combination with the corresponding multifunctional signal
transducers. In order to expand the functionality of photoelectronic sensor devices, a PIT (Programmable
Impedance Transducer) signal converter was developed and tested, in which programmable narrow-band NBT
(Narrow Band Transducer) and wide-band WBT (Wide Band Transducer) signal paths of the transimpedance type
are synthesized. Narrowband paths meet the requirements of frequency selectivity of the informative signal, and
therefore, high immunity. Broadband paths provide high linearity of conversion in a wide frequency band, which
solves such tasks as researching the spectral characteristics of the substances under investigation, calibrating
sensors, or integrating intelligent self-diagnostic functions. In order to increase the resolution and accuracy of
analog-to-digital conversion, a PTIC (Programmable Trans-Impedance Convertor) front-end of mixed signal
conversion, which combines the functions of transimpedance amplification and program-controlled integration,
was developed and tested. In accordance with the concept of data fusion (Data Fussion), the formation of an array
of measurement conversion results is ensured when switching PTIC operating modes with voltage inversion on the
integrating capacitor. Using this array and the corresponding algorithms for the correction of parasitic drifts of the
integration scheme, the useful and parasitic components of the signal are separated. The output voltage is
modulated in the entire voltage range of the power source, which provides an increase in the resolution and



accuracy of the subsequent analog-to-digital conversion.
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