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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

[HTEeNIEKTYyaIbHA CUCTEMA IOCIIIKEHHS €HEProcnoxXuBaHHg loT monyii

Ha3sBa po6oTH aHIJIilICbKOIO:

Intelligent system for studying the energy consumption of IoT modules

PedepaT ykpaiHCbKOIO:

OG’eKT OOCiIKEHHS — MPOLieC CIIO>KUBAHHS €Hepril MPY BUKOHAHHI iHCTPYKIiii, KOMaH], Iporpam Ta ix
¢dparmenTis. [IpegmeT HOCIIIKEHHS. — METOIY i 3aCO6M TOYHOTO Ta 3aBaflOCTIMKOTO OCTIiIKEHHS
eHeprocrnoxupaHHs IoT Mo[yJliB a TaKOK BUKOHAHHSI iHCTPYKLil, KOMaHI, Iporpam Ta ix pparmeHTiB
MiKpOKOHTPOJIEPOM. MeTa: CTBOPEHHS TPOrPaMHO-allapaTHUX OCHOB iHTE€JIEKTYaJIbHOI CUCTEMU JOCiIKEHHS
€HEeProCIOKMBAHHS IHCTPYKILiM, KOMaH], i IPOrpam, sIKi BUKOHYIOTbCSI MiKDOKOHTPOJIEPOM B ckiafi loT monysis abo
iHImoro npuctpoto Ha 6a3i MK 17151 3a6e3rneyeHHs! BUCOKOI TOUHOCTI Ta JOCTOBIPHOCTI pe3yJIbTaTiB BUMipIOBaHb.
PesynbTaT pob0TH Ta iX HOBU3HA. 3[iliCHEHE IPOEKTYBaHHS Ta peaslisaliisl anapaTHOro Ta NpPOrpaMHoOro
3abe3nedeHHs cucTeMU. byin po3rigHyTi pi3Hi METOAY, SIKi BAKOPUCTOBYBAJIMCS IJ1s1 OLiHKY MOTY>KHOCTI
IIpoLecopa B CKJIaJli Pi3sHUX IIPUCTPOIB Ta €eHEPTOCIIOXKUBAHHS Bifi HAMHIDKYOro piBHSA abcTpakuii, TO6TO piBHSA
TPaH3UCTOPA, 4O HAMBUIIOTO PiBHS abCTpaKilii - cucTeMHOro piBHs. [TpoBeseHo aHami3 HakTopiB, SKi BIIMBAIOTH HA
€HEProCIOXUBAHHS NPOLLECOPIB, METOLIB OLIIHKY IIOTYKHOCTI Ta €HEPrOCIIOKMBAHHS, METOLIB OLIIHKY IIOTY>KHOCTI
Ta €HEepProCIOKMBAHHS HA PiBHi JIOTIYHYX €JIEMEHTIB, Ha PiBHI nepenadyi perictpis (RTL) i Ha piBHI iHCTPYKLiL.
3anpornoHOBaHO Ta OOIPYHTOBAHO METOJ, CEPEIHbOTO €HEPrOCIIOXKUBAHHS MIKPOKOHTPOJIEPIB. 3allpOIIOHOBAHUI
METO]], yCyBa€ He/l0JIiKY, [10B’s13aHi 3 HecTabisibHOI0 po60TOI0 MiKponpoliecopa. [IpoBefieHO OCiI>)KeHHs IPOLeCy
BMMipIOBaHHS CEPEIHBOIO €HEPTrOCIOXKUBAHHSI MIKPOKOHTPOJIEPIB, TOKa3aHo, 110, 32 PAXYHOK BilNOBiTHOTO
CIIPOLIEHHS MaTeMATUYHMX BUPA3iB, MOXKHA pPeasli3yBaTy HOBI METOJY BUMIPIOBaHHS CEPESHLOTO
€HeproCIo>KMBaHHS MiKDOKOHTPOJIEPIB, sIKi OyyTh XapaKTepr3yBaTUCS CIIPOILEHOI0 CXEMOIO BUMipIOBaIbHOTO
KaHaiy. Po3po6sieHO IPUHLIUIIOBI CX€MU allapaTHOro 3a0€e31e4€eHHsI CUCTEMHU JIOCIIiI)KEHHS €HEProCIOXBaHHS
MiKpOKOHTpoJepiB Ta 10T momyiB. Po3po6sieHo anapaTHe 3a6€3M1eYeHHs Ta IPOBELEHO €KCIIEPUMEHTAJIbHY

[IePEBIPKY iHTEJEKTYyaIbHOI CUCTEMU AOCIHIIKeHHS eHeprocnoxxuBaHHs 10T monyJis.

Pedepar aHr1ilicbKOIO:

The objectivities is the process of energy consumption during the execution of instructions, commands, programs
and their fragments. The research subject is accurate and noise-resistant methods and tools for study of the IoT
modules power consumption, as well as the execution of instructions, commands, programs and their fragments
by a microcontroller. Objective: creating a software and hardware framework for an intelligent system for studying
the instructions, commands and programs executed power consumption by a microcontroller as part of an IoT
module or other MC-based device to ensure high accuracy and reliability of measurement results. Results and
novelty. Designed and implemented the hardware and software of the system. Different methods used to estimate
the processor power of various devices and power consumption from the lowest level of abstraction, i.e., the
transistor level, to the highest level of abstraction, i.e., the system level, were considered. The factors that
influence the power consumption of processors, methods for estimating power and energy consumption, methods
for estimating power and energy consumption at the level of logical elements, at the level of register transfer (RTL)
and at the level of instructions are analyzed. The method of average power consumption of microcontrollers is
proposed and proved. The proposed method eliminates the disadvantages associated with the unstable operation
of the microprocessor. A study of the average power consumption of microcontrollers measuring process is
carried out, it is shown that, due to the appropriate simplification of mathematical expressions, new methods for
measuring the average power consumption of microcontrollers can be implemented, which will be characterized
by a simplified scheme of the measuring channel. Schematic diagrams of the hardware of the system for studying



the power consumption of microcontrollers and IoT modules have been developed.
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Omnuc HTII: IMposeneHo nocnimkeHHs Mporecy BUMIPIOBaHHS CEPENHBOTO €EHEPTOCIIOKUBAHHS
MiKPOKOHTPOJIEPIB, I0Ka3aHO, 110, 32 PaXyHOK BiJIIOBITHOTO CIIPOLIEHHS MaTEMAaTUYHMX BUPa3iB, MOXXHA
peasizyBaTy HOBi METOU BUMIPIOBaHHS C€PEIHbOI0 €HEProCIOXMBAaHHS MIKDOKOHTPOJIEPIB, SIKi 6yAyTb
XapaKTEePU3yBaTUCS CIIPOLIEHOI0 CXEMOIO BUMIPIOBAJIbHOTO KaHaly. 3allpOIIOHOBAHO METO[, aBTOMATU30BaHOTO
BUMIPIOBaHHS CEPESHLOTO EHEPTOCIIOKMBAHHS MiIKDOKOHTPOJIEPIB. TakoX 3alporOHOBAHO YHIBEPCATIbHUI METO
BMMipIOBaHHS eHeprocrnoxxusaHHs [0T moaynis. OnrucaHo aJropuTM po60TH BUMIpPIOBAJIbHOI CCTEMHU, ajllOPUTM
[IPUVHATTS pillleHb IIPY aBTOMAaTUYHOMY BUMipPIOBaHHI €HEPIOCIIOKMBaHHS MIKDOKOHTpoJiepa B ckiani [oT momysis
i anroputm pobOTU BUMIPIOBAILHOI CUCTEMU. 3aIIPOIIOHOBAHO APXIiTEKTYPY iHTEJIEKTyalIbHOI CUCTEMU
IOCJIiIKEHHs eHeprocrnoxusaHHs [0T MoayiB, sika NoegHye METOAM BUMIPIOBAHHS CEPEIHBOIO T MUTTEBOTO
€HeproCloXMBaHHs MiKpoKoHTposepa B ckiani IoT moayss. IIpoBeneHo nepeBipKy PyHKLIOHYBaHHS
PO3p06JIEHOr0 MaKeTa CUCTEMU AOCJIIPKEHHS €HEProCIO>KUBAHHS MiKpOKOHTposepiB Ta [oT MoayiiB, sikuii
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