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5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

[HTeNIeKTyanpHaA cuCTEMA TOCIIIIKEHHS €HEProcioxusanHs [0T Moy

Haspa po6oTH (aHrJ1)

Intelligent system for studying the energy consumption of IoT modules

Pedepar (yxp)

O6’eKT moCJiIKEHHs — MpoLec CIOXXWBAaHHS eHepril Ipyu BUKOHAHHI iHCTPYKLil, KOMaH, Iporpam Ta ix ¢gparmeHTis. [Ipegmer
TIOCJIIPKEHHS — METOJIY i 3aCO0M TOUHOTO Ta 3aBafOCTIMKOro AOCTiIXEHHs eHeprocnoxuBaHHs 10T MomysIiB a TaKOK BUKOHAHHS
iHCTpyKUiil, KOMaHJ, Nporpam Ta iX (pParMeHTiB MiKPOKOHTPOJIEPOM. MeTa: CTBOPEHHSI NPOrpaMHO-alapaTHUX OCHOB
IHTENIeKTyaJIbHOI  CUCTEMU  JOCJHIIPKEHHS  €HEDPrOCIIOKMBaHHA  IHCTPYKLiM, KOMaHJ 1 1mporpaMm, $£Ki BUKOHYIOTHCS
MiKpOKOHTposiepoM B ckiafi loT mopmyns abo iHmoro mnpuctporo Ha 6a3i MK gans 3abesnedeHHs BUMCOKOiI TOYHOCTI Ta
IIOCTOBIPHOCTI pe3y/bTaTiB BUMipioBaHb. Pe3ybTaTu pOOOTH Ta iX HOBM3HA. 37iliCHEHe IIPOEKTYBAHHS Ta peasisallis anapaTHOTo
Ta NPOTPamMHOrO 3a0e3MeYeHHs cUCTeMU. Bynu posrisiHyTi pi3Hi MeTomy, sIKi BUKOPUCTOBYBAJMCSI [JIsl OLIHKM IIOTY>KHOCTI
mpolecopa B CKJIafli Pi3HUX MPUCTPOIB Ta €HEPrOCIOXUBAHHS Bifl HATHMKYOTO PiBHS abCTpaklii, TOGTO piBHSI TPAH3UCTOPA, 1O
HalBUIIOrO PpiBHSI abCcTpakuii - cucremHoro piBHA. IIpoBefeHO aHasi3 (akTopiB, fKi BIUIMBAIOTh HAa €HEPrOCHOKMBAHHS
MIPOLLECOPiB, METOJIB OLiHKM IMOTY>KHOCTi Ta €HEProCIIOKMBAHHS, METO/IB OLIHKM IOTYKHOCTI Ta €HEProcloXUBaHHA Ha PiBHI
JIOTIYHUX €JIEMEHTIiB, Ha piBHi nepepaui perictpiB (RTL) i Ha piBHi iHCTpyKUill. 3anponoOHOBAaHO Ta OOIPYHTOBAHO METO
CEepeHbOTO E€HEProClOXXUBAaHHS MIKpPOKOHTpOJIEPIB. 3alpOIIOHOBAaHUM METOJ, yCyBa€ HEJOJIiKM, TOBS13aHi 3 HeCTabibHOIO
po6oroio  Mikponpouecopa. IIpoBeleHO  [OCTIJPKEHHSI  Ipollecy  BUMIDIOBaHHSI ~ CEPEIHBOTO  €HEProCHOXXMBaHHS
MIKDOKOHTPOJIEPIB, OKa3aHO, 110, 3a PAaxXyHOK BiAIOBiJHOTO CIPOIIEHHS MaTeMAaTUYHMX BMpAa3iB, MOKHA peasli3yBaTH HOBI
METOJY BUMipIOBaHHS CEpeIHbOrO €HEeProCcloKMBaHHS MiKDOKOHTPOJIEPIB, sKi 6yIyTh XxapakTepu3yBaTHUCS CIPOLIEHOI0 CXEMOIO
BUMIpDIOBaJIbHOrO  KaHajly. Po3po6jieHO NPUHLMIOBI CXeMHM  amapaTHOro  3a6e3leyeHHs CUCTeMU  JOCTiJPKEHHS
€HEeProcIoKUBaHHS MIKPOKOHTpoJepiB Ta IoT mozysniB. Po3po6eHo anapaTHe 3a6e3Me4eHHs Ta [IPOBEIEHO eKCIIePUMEHTAbHY

MepeBipKy iHTeNeKTyalbHOI CUCTEMU NOCIIIKEeHHS eneprocnoxxusanHs 10T monyJis.
Pedepar (aHra)

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.

Ingekc YIK: 004.3-185.4; 004.7-185.4

Kozu tremaruunux py6puk HTI: 50.07.03



6. HaykoBo-TexHiyHa nponykuis (HTII)

HTII 1

Hassa npoaykii (yKp): [HTesieKTyaspHa cUCTeMa AOCIiIKeHHs! eHeprocrnoxxusaHHs [0T mozyis
Hassa npoaykuii (aur): Intelligent system for researching the energy consumption of IoT modules
OuikyBaHi pe3yybTaTH: MeTOINYHI JOKYMEHTH, [IporpamMHi NpoAyKTH, AHAJIITUYHI MaTepianu
T'any3s 3acrocyBaHHs: M 72 HayKoBi OCTi)KEHHS Ta pO3POOKH

Onuc npozykuii (ykp): [[poBeieHo HOCiKEeHHS ITPOLeCy BUMiPIOBAHHSI CEPEJHbOI0 €HEPTOCIIOKUBAHHS MiKDOKOHTPOJIEPIB,
MOKAa3aHo, 110, 33 PAXYHOK BiJI[TOBIAHOTO CIPOLEHHS MAaTEMAaTUYHUX BUPA3iB, MOJKHA peasizyBaTu HOBi METOIA BUMipIOBAaHHS
CepeHbOTO €HEPIOCIIOKUBAHHS MIKDOKOHTPOJIEPIB, sKi OYAyTh XapaKTepru3yBaTHUCS CIIPOLIEHOI0 CXEMOIO BUMIPIOBAaJIbBHOTO
KaHaJsy. 3alIpOIIOHOBAHO METOJ, aBTOMAaTU30BAHOT'0 BUMIPIOBAHHS CEPEIHbOIO €HEPrOCIIOKUBAHHS MIKPOKOHTPOJIEPiB. Takox
3alpPOINIOHOBAHO YHiBEPCAJIbHUI METO/ BUMiPIOBAaHHS €HEProcnoxuBaHHs [oT monysiB. OnMcaHo aNroputMm poboTu
BHAMipIOBaJIbHOI CUCTEMHU, aJITOPUTM IPUIHSTTS pillleHb P aBTOMATUYHOMY BUMipIOBaHHI €HEPrOCIIOXKUBAHHS
MiKpOKOHTpOJsepa B ckiafi loT momyss i anroputm po60TH BUMipIOBaIbHOI CUCTEMHU. 3aIIPOIIOHOBAHO APXIiTEKTYPY
iHTeNIeKTyaNbHOI CUCTEMU JOCiIKEHHS eHeprocrnoxubaHHs 10T MonysiB, sika noegHye METOAU BUMipIOBaHHS CEPEIHbOTO Ta
MUTTEBOTO €HEPrOCIOXUBAHHS MIKPOKOHTpOJEpa B ckiaafi loT monys. [IpoBeneHo nepesipKy QyHKLiIOHYBaHHS PO3POOJIEHOTO
MakeTa CUCTEMHU JOCIIiJKEHHS €HeProCloKUBaHH MiKPOKOHTpoJepiB Ta IoT MoyiB, sIKUI TOKa3aB H10ro MOBHY NIPUAATHICTb.
Takox po3po6ieHuniT iMITaTOP €HEPrOCIIOKUBAHHSI IMITyJIbCHUX CIIOXKMBAYiB [0Ka3aB, 0 3a6e3Medye METPOJIOTiUHE

3abe3nevyeHHs TaKUX NIPUCTPoiB B cknazi [oT moxmyis.

ConjianpHO-eKOHOMIYHa cipsimoBaHicTh HTII: TTosinmenHs iHpopMaliiiHO-KOMYHiKaLliffHUX TEXHOJIOTiN
Cragis 3aBepmenocti HTII: 3sit no HIIJIKP, EkcniepumeHTabHUH (MAaKeTHUI 3Pa30K)

BnposazykernHsa HTII: BipoBazkeHO

Crpoku BupoBamykeHHs: 01.202312.2023

Bupo6HuK npoaykuii: 3YHY

Coo>kuBavi nmpoaykuii: [TinnprueMcTBa, yCTaHOBM, OpraHizaii

IlepcneKTHUBHI pUHKH: YKpaiHa

IIpaBa iHTeIeKTyasIbHOI BJIaCHOCTI: 3a Jorosopamu, ITofjaHO 3asIBKy Ha BUIa4y OXOPOHHOTO IOKYMEHTY

®opmu Ta ymoBH nepegadi npogykuii: [Ipogax nateHTa, [Ipogax npoaykuii, Criseai HIJIKP
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