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OITUYHOIO TEJIEKOMYHIKalli€l0

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

Pedepar:

1. B pucepTauiiiHiil poboTi po3B’s13aHO HayKOBO-TIPAaKTUYHE 3aBJIaHHS PO3LIMPEHHS (PYHKLIOHAIBHOCTI Ta
nifgBUILEHHS €(PEKTUBHOCTI (PYHKLIOHYBaHHS (POTOEIEKTPOHUX CEHCOPHUX IIPUCTPOIB 3 ONITUYHOIO
TeJIeKOMYHiKali€lo, 10 riependayae CTPYKTYPHO-CXeMHMI CUHTE3 Ta [IapaMeTPUYHUI aHali3 6a30BUX BY3JIiB
dpoHT-eHy 3MilIaHoro curHanabHoro nepersopenHs (Mixed Signal Fron-end). Taki ceHcopHi nipuctpoi
BiITIOBiJJAlOTh KPUTEPISIM CYMICHOCTI 3 GOTOBOJIbTAIYHUMU KOJIAMU JKUBJIEHHSI Ta KEPYBaHHSI; MiKPOIIOTY>KHOTO
criokrBaHH4 Ta Rail-to-Rail pyHk1ioHyBaHHS, NporpaMoBaHOro KOHMIrypyBaHHS Ta KEPYBaHHS,
MyJIbTUQYHKIIOHAIBHOCTI Ta peasizanii B 6a3uci cucrem Ha KpucTtasi.OCHOBHOIO BiIMiHHICTIO PO3IJISIHYTUX B
IycepTaliiiHiil poboTi 3aC00iB CUTHAJIBHOTO NIEPETBOPEHHS € PYHKIiIOHAJIbHE iHTerpyBaHHsI Kis
(oTonepeTBOPIOBAYIB y BiATIOBINHOCTI 10 KOHLeNL|i 31UTTs gaHux (Data Fusion). IHmnmu, criopifHeHMMY,
TepMiHaMH L€l KOHLEeNLii € 37IUTTS JaHUX B CEHCOPHUX MPUCTPOsIX (Sensor Data Fusion), 4n B 6is1bIll KOPOTKOMY

dbopmyoBaHHi 31UTTs ceHcopis (Sensor Fusion). B koHTeKcTi aucepTaniiiHoi pob0oTu Take PyHKIiOHAJIbHE



iHTerpyBaHHSs Ilepeoadae BUKOPUCTAHHS €IMHOTO (POTONEPETBOPIOBAYa, 30KpeMa (POTOBOJIbTAIYHOI NaHe i B
[IO€HAHHI 3 BilIOBIZHMMHU MYJIbTU(YHKLIOHATIbHUMY CUTHAJIbBHUMU II€peTBOPIOBaYaMH, IJIs1 peasidaliii AeKiTbKox
dyHKLi - PpoTooCceHCOPUKH, (POTOBOJILTAIYHOIO XXUBJIEHHS Ta ONTUYHOI TeJIEKOMYHIKalii. 3 MeTO pOo3MMpPEHHS
(PYHKLIOHATIBHOCTI (POTOEJIEKTPOHHUX CEHCOPHUX NIPUCTPOIB PO3POOJIEHO Ta alIPOOOBAHO CUTHATIbHUI
nepetsBopioBad PIT (Programmable Impedance Transducer), B IKOMy CUHTE3YIOTbCSI [IPOrPAMOBaHi
By3bkocmyrosuii NBT (Narrow Band Transducer) ta mupokocmyrosuit WBT (Wide Band Transducer) curHamnbHi
TPaKTH TPAHCIMIIEAaHCHOTO TUIY. By3bKOCMYroBUMU TPaKTaMu 3a0€3I1€4yI0ThCS BUMOTH YaCTOTHOI CE€JIeKTUBHOCTI
iHOpMaTUBHOTO CUTHAJY, a BifiTak, BUCOKO]i 3aBaflOCTIUKOCTI. IIUpOKOCMYrOBUMHU TPaKTaMU 3a0€31€4yI0ThCS
BHCOKA JIHIMHICTh NEPETBOPEHHS B IIMPOKiN CMY3i 4aCTOT, 10 BUpIllye TaKi 3a/1ad4i, SIK JOCJiJKEHHS CIIEKTPaJIbHUX
XapaKTEPUCTHUK AOCIiIpKyBaHMX PEYOBUH, KaibpyBaHHS CEHCOPIB UM iHTEIPyBaHHS B TaKi CEHCOPU
iHTesIeKTyabHUX (YHKIiM CaMOJiarHOCTAKU. 3 METOIO MiABUILEHHS PO3[iJIbHOI 3IaTHOCTI Ta TOYHOCTi aHAJIOTrO-

11 poBoro nepeTBoOpeHHs po3pobieHo Ta anpob6oBaHo GPOHT-EH, 3MIIAHOT0 CUTHAJIBHOTO iepeTBopeHHs PTIC
(Programmable Trans-Impedance Convertor), 1110 noegHye PpyHKLii TpaHCIMIIEAHCHOTO MiJCUIEHHS Ta IPOTPAMHO
KEPOBaHOTrO iHTerpyBaHHs. ¥ BilIOBIAHOCTI 40 KoHUenuii 3nuTTs naHux (Data Fussion) 3abe3neuyeTbcs
(dhopMyBaHHS MacUBY pe3yJIbTaTiB BUMipIOBaJIbHOTO IIEPETBOPEHHS IPU IlepeMUKaHHi peskxumis podotu PTIC 3
iHBepCi€lo HaNpyry Ha iHTErpyloyoMy KOHJIEHCATOpPi. BUKOPHCTOBYI0UM LI€Ml MAaCUB Ta BiJNIOBiIHi aJITOPUTMU
KOpeKLii napa3uTHUX OpendiB cxeMu iHTerpyBaHHs, BifAi/I1lI0Th KOPUCHY Ta N1apa3uTHY CKJIaJoBi curHany. Ha
BiIMiHY BiJl CX€MU €JIEMEHTApHOI0 IHTErpaTopa, Bil0yBa€ThCsl MOAYJIALiS BUXiAHOI HAIIPYTX Y BCbOMY Jiala3oHi
HaIpyT JpKepeJia KUBJIeHHS, o 3a6e3evye MiABUIEeHHS PO3IibHOI 3IaTHOCTI Ta TOYHOCTI MOAABIIOrO aHAJIOTO~
¢ poBe repeTBOPEeHHs.

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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