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AHHoTauuna. [llpeactaBneHbl pe3ynbTaTbl UCCAEeOOBaHMA MO ONTUMMU3ALUM
3HepronoTpebneHnsa yCTpoMCTB NPOMBILLSIEHHOr0 MIHTepHeTa Bellel, obecnevmBaloLLmxX
TeneMeTpuio M BXOOALLMUX B KOHTYPbl yNpaB/ieHUA 3NIEKTPOIHEPreTUYECKUX CUCTEM.
AKTyanbHOCTb UCC/Ie0BaHMA 3aK/io4aeTcA B HaMeTUBLLENCA NoTpebHOCTM B NOBLILLEHUN
BpeMeHM aBTOHOMHOWM paboTbl MOBUbHbIX YCTPOMUCTB TeNeMeTpuu NpoU3BOACTBEHHbIX
N TEXHONOMMYECKUX CUCTEM, YTO CMOCOOCTBYET CHUMEHMIO 3aTPaT Ha UX 06CyHKMBaHMe
n nopaepaHue B pabotocnocobHoM cocToAHUW. MpennoKeH anropuT™ ynpasneHun
napameTpaMu Agpa npoueccopa MobUNbHbLIX YCTPOMCTB C MPOLLEeCCOPaMM apXUTEKTYpbI
ARM, obecneuynBatowmini 6onee BbICOKYIO 3HeproddPeKTUBHOCTb TaKUX YCTPONMCTB,
NpUMeHAEMbIX B COCTaBe NpomebilsieHHoro MHTepHeTa Bewert 33C. HoBM3HY NosyYeHHbIX
pe3ynbLTaToB COCTaBAAET MNPEASOKEHHbIN aNropuTM MNPOrpaMMHOro ynpasieHuA
KoHdurypauuer napaMetpoB Aapa ARM-npoueccopa MobUNBbHBIX YCTPOUCTB TeflieMeTpum
33C, obecneumBatoLLeit bonee BbICOKYIO ero aHepro3a¢pGpeKTUBHOCTb, YTO [OCTUTraeTCA
NPUMeEHEeHMEM B ero CTPYKType MeTOAOB WMHTENNIeKTyaslbHOro aHanM3a OaHHbIX —
[ABYHanpaBfieHHON HEMPOHHOW CETU [0JITON KPaTKOCPOYHOM MaMATU U CUCTEMbI HEYETKOIO
nlormyeckoro BbiBoga. Buibop 3Tol apxuTeKTypbl ceTu 06yCcnoBeH ee CNOCOBHOCTbIO
BbIAB/IATb B3aMMOCBA3b B TEMMOPaJIbHbIX NOCe40BaTENIbHOCTAX NapaMeTpoB YyCTPONCTB
3a cYeT NpOCMOTpa Nocne4oBaTesIbHOCTUN Cpa3y B ABYX HanpaBlieHWAX — OT Ha4ana K KoHLYy
n HaobopoT. CeTb paboTaeT B peuMe KnaccuduKaLmm NnaHoB aHepronoTpebieHusa,
pe3ynbTaThl KOTOPOM 3aTeM MOLAITCA Ha BXO CUCTEMbI HEYETKOI O JIOFMYECKOro BeiBoda A471A
NporHo3a onTUManbHbIX NapaMeTpoB ARM-npoLeccopa, YTo B COBOKYMHOCTM 06pasyeT Helpo-
HeuyeTKylo Mofenb yrnpaBfieHuA aHepronoTpebneHunem lloT-yctpoicTs. C Mcnonb30BaHUEM
61bnMoTeK aANnA MaluMHHOro obyyeHuns Ha Asbike Python B cpene Google Colab npoeeaeHb!
MOfeNbHble 3KCNePUMEHTbI, B pe3y/bTaTe KOTOPbIX TOYHOCTb KlacCUdMKaLLMM C MOMOLLLbIO
[ABYHanpaBJ/ieHHOW HeMpoHHOW ceTu npeBbicuna 0,8, a cpegHeKBaApaTUYECKOE OTKIIOHEHME
coctaswuno 0,058 npu nporHo3e napameTpoB ARM-npoueccopa Ha 0CHOBE CUCTEMbI HEYETKOMO
JIOrMYeCcKoro BeIBOAA.
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Abstract. The article presents the results of a study on optimizing the energy consumption
of Industrial Internet of Things devices providing telemetry and included in the control loops of
electric power systems. The relevance of the study lies in the emerging need to increase the
battery life of mobile telemetry devices of industrial and technological systems, which helps
to reduce the costs of their maintenance and support in working condition. An algorithm for
controlling the parameters of the processor core of mobile devices with ARM architecture
processors is proposed, which ensures higher energy efficiency of such devices used in the
Industrial Internet of Things of the EPS. The novelty of the obtained results is the proposed
algorithm for software control of the configuration of the ARM processor core parameters of
mobile telemetry devices of the EPS, ensuring its higher energy efficiency, which is achieved
by using data mining methods in its structure - a bidirectional neural network of long short-
term memory and a fuzzy logical inference system. The choice of this network architecture
is due to its ability to identify relationships in temporal sequences of device parameters by
viewing the sequence in two directions at once — from the beginning to the end and vice versa.
The network operates in the energy consumption plan classification mode, the results of which
are then fed to the input of the fuzzy logic inference system to predict the optimal parameters
of the ARM processor, which together forms a neuro-fuzzy model for managing the energy
consumption of lloT devices. Using machine learning libraries in the Python language in the
Google Colab environment, model experiments were conducted, as a result of which the
classification accuracy using a bidirectional neural network exceeded 0.8, and the standard
deviation was 0.058 when predicting the parameters of the ARM processor based on the fuzzy
logic inference system.
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BesepgeHue

MMpaBJCHUEC CJIOKHBIMH, BBICOKOHA-
JIe)KHBIMH TEXHOJOTUYECKUMHU CH-
CTEeMaMU MpEJnojaraeT BbICOKUM
YPOBEHb aBTOMAaTH3AIMH IPOIIECCOB cOOpa
u 00paboTKu WHPpOpPMAIMU, BEIPAOOTKH
YIPaBISIOUINX BO3ICHCTBUI U KOHTPOJIS pe-

3yJBTAaTOB TOCTH)KEHHS TIETICH YIIPaBICHHS.
K TtakuM cuctemMam OTHOCSTCS DJIEKTPO-
sneprernueckue cuctemsl (39C, Electrical
Power Systems, EPS), o6benunsonye o0b-
CKTbI ICHCPALINU DJICKTPOIHECPIUN U SHEPIO-
NPUHUMAIONINE YCTAaHOBKU MTOTpeOUTENeH,
oOpa3yrolue eIuHy0, EeHTPaIu30BaHHO
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