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BukoHaHHs1 3eM/IsIHUX PO6im 0OHOKIBLUEBUM EKCKaBamopoM 3a3suyall CKnadaembCsl i3 MPbOX OCHOBHUX orepa-
yili: BIOOKpeM/IeHHS rpyHMYy B8i0 Macusy ma 3axor/ieHHsi, (1020 nepemilyeHHst ma nodasibwe Bk/1adeHHs. Po3paxyH-
KU MPO0yKmMuUBHOCMI ma BCmaHOB/IEHHST pOB0HUX PO3MIpIB eKcKkasamopis Mio 4Yac iX npPoeKkmyBaHHs1 6e3rnocepeoHb0
108’s3aHi 3 NOHSIMMSIM eKCKaBamopHO20 3ab01t0 i 06'eMOM Po3p0o6/1eHO20 rpyHMY. /151 BUPIWEHHS Yb020 3aB0aH-
HS1 6Y/10 3aMpOoMNoOHOBaHO BMPOBAOUMU cucmeMy KOHMPO/IK CmaHy eKckasamopHUX 3y6i8 i 0NoBIUeHHST 8 peasibHO-
My yaci. Lisi cucmema 00380/1umb rpayisHukam cBoeYacHO oyiHumu cmad 3y06i8 i Bxxumu 3axo0ig 0715 ix 3aMiHU, W0
3anobicamume MpocmosiM 0b61a0HaHHs1, CrpUsImMuMe eKOHOMIi 2powed i yacy.

OO0HUM i3 BapiaHmig peasnisayil yiei cucmemu € BCMAaHOB/IEHHSI HA eKCKaBamopu 06/1a0HaHHSI Ha KWwmaim
Shovel Metrics. Lje 06/1ad0HaHHS1 003B0/15IE OMpuUMyBamu iHghopMauiro Npo cmaH ekckasamopHux 3y6is 3a 4oro-
MO20t0 0amuyuKis, yCmaHOB/IEHUX Ha KOBWI eKckasamopa. IHWUM BapiaHmoM € BCMaHOB/IEHHST HA CMPI/Ty eKcka-
Bamopa Kamepu-0amyuka, PO3po6/IeHHS MPo2pamMHO20 KOOY 34UmyBaHHs 3 KaPMUHKU ma cUCMeMU OMoBILEHHSI.

YrposadxxeHHs1 cucmeMu KOHMPO/IH0 cmaHy eKCKaBamopHUX 3y6i8 U 0rosiueHHs 8 pea/ibHOMY 4Yaci 0380/1UMb
BupiWwUMU Mpob/eMy no3anaaHoBsol 3aMiHU eKckasamopHUX 3y6is i ix nompar/isiHHs 00 0po6u/ibHOI chabpuku. Lie
npugede 00 3Ha4YHUX EKOHOMIYHUX BU200 O/151 MIOMPUEMCMBA, SIK-OM: 3MEHWEHHSI Ki/lbKOCmi Ipocmoig 06/1a0HaHHS;
3MEHWEHHST BUmMpam Ha HernsjaHoBsy 3aMiHy eKCKasamopHUX 3y6iB; 3MEHWEeHHs1 IMOBIPHOCMI Mompari/isiHHs1 3a3Ha-
yeHux 3y6is 00 0pobU/IbHOI thabpuKU.

Y pobomi npedcmas/ieHo pilueHHs KOHMPOJIO KOBWA eKkckasamopa 3i Wmy4YHUM IHMeIeKmoM Ha OCHOBI 2/1u-
60KUX HElPOHHUX MepeXx O/11 OMPUMAaHHSI MOYHUX | MPaKMUYHO 3aCMOCOBHUX AaHUX, Wo 3abe3neyye OHOB/IEHHS
iHhopmayii Mpo cmaH y pexumi peasibHo20 Yacy. HelipoHHa Mepexa i€ sik kracudghbikamop rikcesnig i Hadae Mimky
KOXHOMY [IKCE/IH0 Ha 306paXeHHi koswa ekckagamopa. JaHull knacughikamop y NoeOHaHHI 3 Modabwum 06po-
6/1eHHSIM 3abe3redye KOMI/IEKCHE PILUEHHS 07151 KOHMPO/IH, W0 003B0/IsIE BUSIB/IAMU BIOCYMHICMb 3y6iB, BiocCMe-
XKyBamu IX 3HOWYBaHHSI ma BU3Ha4Yamu ghparmeHmady;to.

Ls Hosa apximekmypa 2a/1ub0oKoi HelipOHHOI Mepexi 3aMiHIe KOMUWHIG anzopumm, KUl BUKOPUCMOBYBas
mpaduyiliHi Memoou KOM'tomepHO20 30py 07151 OMPUMaHHS iHghopmauyii i3 BXIOHUX BiOeoKaopis 07151 3a6e3MeYeHHs
3a3Ha4eHux hyHKyil BUPOBY. 51K I BCI pitueHHs1 0719 2/1ub0K020 HasyaHHS, Shovel Metrics™ ydockoHa/1rnsamumems-
€S /lulWe 3a HasiBHOCMI BE/TUKUX HABOPI8 HasHasibHUX 0aHUX.

Knro4osi c/ioBa: MexampoHika, cucmema KOHmMpPOo/iH, HelipOHHa Mepexa, ekckasamop, poboyuli opaaH, Wwmyd-
Huli iHMeniekm, cucmema KepysaHHs1, MPOEKMYBaHHSI.

Nalobina Olena, Holotiuk Mykola, Bundza Oleg. Research of mechatronic excavator loading control
systems

Excavation with a single-bucket excavator usually consists of three main operations: separation and capture
of soil from the massif, its movement and subsequent placement. Calculations of productivity and setting the working
dimensions of excavators during their design are directly related to the concept of excavator cut and the volume
of excavated soil. To solve this problem, it was proposed to introduce a system for monitoring and alerting the condition

34



HaykoBuiin XXypHan MeTiHBecT MonitexHikn. Cepist: TexHiuHi Haykn, Ne 2, 2024

of excavator teeth in real time. This system will allow employees to assess the condition of the teeth in a timely
manner and take measures to replace them, which will prevent equipment downtime and save money and time.

One of the options for implementing this system is to install Shovel Metrics equipment on excavators. This
equipment allows you to receive information about the condition of excavator teeth using sensors mounted on
the bucket of the excavator. Another option is to install a camera sensor on the excavator boom, develop a program
code for reading from the image and a warning system.

Implementation of a real-time monitoring and alert system for the condition of excavator teeth will solve the problem
of unscheduled replacement of excavator teeth and their entry into the crushing plant. This will lead to significant
economic benefits for the company, namely: reducing the number of equipment downtime; reducing the cost
of unscheduled replacement of excavator teeth; reducing the likelihood of excavator teeth entering the crushing plant.

This paper presents an artificial intelligence solution for excavator bucket control based on deep neural networks
to obtain accurate and practically applicable data, which provides real-time status updates. The neural network acts
as a pixel classifier and assigns a label to each pixel in the excavator bucket image. This classifier, combined with
post-processing, provides a comprehensive inspection solution that can detect missing teeth, track wear, and detect
fragmentation.

This new deep neural network architecture replaces the previous algorithm, which used traditional computer
vision techniques to extract information from incoming video footage while providing the specified product functions.
Like all deep learning solutions, Shovel Metrics™ will only improve with large training data sets.

Key words: mechatronics, control system, neural network, excavator, working body, artificial intelligence, control

system, design.

Mpo6Gnema Ta 1 3B’A30K 3 HAyKOBMMU Ta
NPakTUUHUMUN 3aBAAHHAMU. BUKOHAHHA 3eMNs-
HUX PO6IT O4HOKIBLUEBUM €KCKaBaTOPOM 3a3BU-
yali cknagaeTbCs i3 TPbOX OCHOBHUX oOnepawiii:
BiJOKPEM/IEHHS T'PYHTY Big MacumBy Ta 3axo-
NAEHHS, Aoro nepemilleHHsa Ta nogasnblue BkNa-
[eHHs. Po3paxyHky NpoAyKTUBHOCTI Ta BCTaHOB-
NeHHs1 pobounx po3MipiB ekckaBaTopiB nif vac ix
NPOEKTYBaHHA 6e3nocepeHbO NOB’A3aHi 3 MOHAT-
TAM €eKCcKaBaTOpHOro 3abok i 06’emMom poO3po-
6neHoro rpyHty. Metognka BU3HaAYEHHS 06’eMy
po3po6sieHOr0 I'PYHTY Ta po3paxyHoK 3a60t0
BilOMi Ta LUMPOKO 3aCTOCOBYIOTLCA Mif Yac npo-
EKTYBaHHA TpaauuiiHOro pobo4oro obnagHaHHsA
[1; 2]. HuHi, y 3B’A3Ky 3i 36inblIeHHSAM 06csriB
3eM/IsTHMX pOo6iIT, 3pocnn I 06cArn BUpOOGHMLTBA
MallWH i pi3HOMaHITHOro po6o4oro obnagHaHHs
ANna unx pobiT. Ha oco6nvBy yBary 3ac/yrosyTb
€eKCKaBaTopu, OCHalLEeHi TeneckoniyHum Mexa-
TPOHHUMM CUCTEMaMM KOHTPO/. 3 BUKOPUCTaH-
HAM Takoro poboyoro obnagHaHHs [OCAraeTbCs
3Ha4yHe 3MiHEHHS TEOMETPUYHUX napameTpiB
eKcKkaBaropa, BOJAHOYAC MeToAuKa po3paxyHKy
po6o4yoro obnagHaHHSa 3i 3MIHHUMW rEOMEeTPUY-
HUMKM NapameTpamn i 06’emMy PO3PO6EHOr0 HUM
I'PYHTY BifCYTHS.

Meta ctarTi — po3po6/eHHA METOAMKN BUKO-
pUCTaHHA MEeXaTPOHHMMMW CUCTEMaMMK KOHTPOSIO
3y6UiB OAHOKIBLLOBOrO €kckaBaTopa 3i 3MiHHUMU
reoMeTpuyHYMK napameTpamy poboyoro obnag-
HaHHA Ha NpuWKIadi KOHCTPYKLIA TesieckoniyHoro
po6oyoro ob6nagHaHHS, 3anponoHOBaHWX aBTo-
pamu [3; 4; 6].

AHani3 gocnipXeHb i nyé6nikauii. Bigomi
OOCNIMKEHHA [2—7] NpONOHYIOTb Aekifibka Bapi-
aHTiB  eMMipuYyHMX 3anexHocTeinl Ana none-
penHbLOro BM3HAYEHHSA OCHOBHUX MNapamMeTpis

eKcKkaBaToOpiB Ha OCHOBI XapaKTepucTuk Bifo-
MUX MoAernel ekckaBaTopiB. Ha ocobnusy yeary
3ac/yroBye npaus, e HaBeLeHO [OoKafHWi
aHani3 HasgBHUX MiAXOA4iB A0 NonepesHbLOoro pos-
paxyHKy napamMeTpiB eKkckaBaTopiB i 3anponoHo-
BaHO ABa Niaxoamn Ao hopMyBaHHS 3a/1€XXHOCTe
0N BU3HAYEHHS NiHINHMX napameTpiB poboyoro
obnajHaHHA ekckaBaTopiB Ha OCHOBI Koedili-
€HTIB, LLO OLiHIOTbL (DYHKLiIOHabHI napameTpu
MaLUUHW.

Pe3ynbtatm pocnigkeHHA. EkckaBaTopHWii
3a6ili BM3HA4YaeTbCA SK poboya 30HA €eKckaBa-
TOpa, WO BK/IYAE YaCTUHY I'PYHTOBOIO MacuBy,
AKWUIA PO3PO6AAETLCA 3 AAHOT NNOLWAAKM, & TaKox
NPOCTIip 419 PO3MILLEHHSI CaMOro ekckaBaTopa Ta
TPaHCMNOPTHUX MaLUMH. Y pasi po3pobeHHs IpyHTY
6e3 TpaHCNOPTYBaHHA [0 eKCKaBaTOPHOro 3a60to
TakoX BXOAUTb MalilaHuvK 3 BifBasioM T'pYHTY,
SIKUIA YTBOPIOETHLCS 3 AAHOI NOLLLAAKN.

Po3mipn Ta hopma 3a60t0 3anexaTb Big Tvny
Ta poboumx po3mipiB ekckaBaTtopa Ta TpaHCnopT-
HVUX MallWH, a TakoX Bif, PO3MIpIiB 3eMJIAHOT CMo-
pyan. ®opma 3ab60t0 BMU3HAYAETLCA POBOUNMM
TPaeKTOPIAMN KOBLUA, AKi 3MIHIOTLCA 3a/1€XKHO
Big, BUganeHHs rpyHty. Ansa onvcy copmu 1a pos-
MipiB 326010 fOCUTb oiKCyBaTW KiHLIEBI TPAEKTOPIT,
SAKi 0OMEXYH0Tb 06'eM I'PYHTY, LLO PO3PO6NAETLCA
3 O HIET NNoWanKn ekckasarTopa.

Mig 4ac [ocCnimpKeHHA 3aBaHTaXXEHHSA eKc-
KaBaTopa BCTaHOB/leHa MexaTpoHHa cucTema
KOHTpoOsto 3y6iB “Shovel Metrics” — ye cuctema
MOHITOPUHIY cTaHy 3y6iB ekckaBaTopa, fka BUKO-
PUCTOBYE AaTuvku A5 BUMIPHOBAHHA 3HOCY 3y6iB
i TpiwMH (puc. 1). Lia cucrtema moxe BUKOPUCTO-
ByBaTUCA AN5 BUSAB/EHHS Npo6nem i3 3ybamun Ha
paHHIX cTagisx, WO MOoXe AO0MNOMOrTu 3anobirtu
nepeg4yacHoOMy 3HOCY ab0 MOLUKOXKEHHIO.
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Shovel Metrics™ BUKOPUCTOBYE LUTYYHWUIA iHTe-
NEKT | komm'toTepHuin 3D-3ip ANnst KOHTPOSO BiA-
CYTHOCTI Ta 3HOCY 3Yy6iB, KOHTPO/IO KOPWUCHOIO
HaBaHTa&XEHHS, BU3HAYEHHS rpaHy/I0METPUYHOIo
CKnagdy, HaBiTb BUSIBMEHHS Hebe3neyHoro 36/u-
XXEeHHs. BusBneHHsA BiACYyTHOCTI 3y6iB A8 eKcka-
BaTOpPIB YCIX TUMIB 3HMXYE MOBIPHICTb NPOCTOD
Apobapok, ybesnedvye npauiBHUKIB i 3anobirae
BMPOGHUYMM BTpaTaM.

Cuctema “Shovel Metrics”, skili A0BipsAOTb
HalibinbLWi CBITOBI ripHUYO406YBHI NiANPUEMCTBA,
BCTaHOB/IeHa Ha noHap, 70 o6’ekTax (puc. 2).

Shovel Metrics cknafgaeTbca bi3 ABOX OCHOBHUX
KOMMOHEHTIB: AaTUMKIB i IPOrpaMHoro 3abe3neyvyeHHs.
[Jatunky BCTaHOB/MIOIOTLCA Ha 3y6ax ekckasaropa
i BUMIPIOIOTb Taki MapameTpu, SK TOBLUMHA 3y06iB,
BiACTaHb MiX 3y6amMu Ta TpilmHW. [aHi 3 gatuukis
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einamanay 11 | D ines

nepefatoTbCs Ha NpPorpamHe 3abe3neyeHHs, ke aHa-
Ni3ye iX i BU3Ha4yae ctaH 3y6is (puc. 3-5).

Cuctema “Shovel Metrics” mae HU3KY nepesar,
30Kpema:

— MOX/MBICTb BUSIBMIEHHSA NPO6G/em i3 3ybamu
Ha paHHIX cTagisx;

— 3MEHLWIEHHA PU3UKY MepefyacHoro 3HOCYy
ab0 noLKomKeHHs1 3y6iB;

— 306iNblIEeHHA TEPMIHY Cnyx6u 3y6iB;

— 3MEHLUEHHS BUTPAaT Ha PEMOHT i 06CnyroBy-
BaHHS.

Shovel Metrics TakoX Mae pgesiki Hedoniku,
30Kpema:

— BapTICTb YCTAHOBKW 1 06C/YrOBYBaHHS;

—  MOXNMBICTb NOMWUIOK Y BUMIPHOBAHHSX;

— MOX/MBICTb BM/IMBY 30BHILLUHIX YNHHUKIB Ha
TOYHICTb BMMIpHOBaHb.

Puc. 2. Bisyanisauia pilueHHs (BigaaneHoro CnocTepexxeHHs)
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Puc. 3. AHani3s rpaHy/IoMeTpUYHOro cknagy. BusBneHHs BigCyTHOCTI 3y6iB

MponoHytoTbea cuctema “3D Shovel Health
Monitor”, sika BMKOPUCTOBYE AaTyuku ANS BUMI-
proBaHHA TOBLYi 3y6iB i BiACTaHi M 3y6amu; cuc-
Tema “Z-Scan”, sika BUKOPUCTOBYE KOMM'KOTEPHWIA
3ip Ana aHanizy 306paxeHb 3y6iB; cucTema
“Smart Blade”, sika BUKOPUCTOBYE LUTYYHUIA iHTE-
NeKT ANS aHanisy faHux i BUSBNEHHSA npobnem
i3 3ybamu. Lia iHdhopmaLis [03BoNSE oTpumaTtit
YSIB/IEHHSA MPO MOTOYHWIA CTaH PO3BUTKY aBTOMa-
Tn3auii BUSIBNEHHSA 3HOCY 3y6iB ekckaBaTopa. Ll
CUCTEMWN BUKOPWUCTOBYHOTb Pi3HI TexXHonorii gns
BUMIiptOBaHHSA 3HOCY 3y6iB, asie BOHU MatoTb Nogi-
6Hi Lini Ta nepe.aru.

BucHoOBKW. Y po6OTi NpeAcTaBeHo pPilleHHs
KOHTPOJIIO KOBLUA eKckaBaTopa 3i LUTYYHUM iHTe-
NIeKTOM Ha OCHOBI NMBOKUX HEMPOHHUX Mepex
ONA OTPUMAHHSA TOYHMX | NPaKTUYHO 3aCTOCOBHUX
OaHuX, Wo 3abesnedyye OHOBMEHHSA iHGopmauii
Mpo CTaH y pexumi peasnbHOro vacy. HeinpoHHa
Mepexa fie Ak knacudpikaTop nikcenis i Hagae
MITKY KOXHOMY MiKCeno Ha 300paeHHi KoBLua
ekckaBartopa. [laHuii knacudikatop y noeaHaHHI
3 HacTynHUM 06pO6/eHHAM 3abe3neyye Komn-
NIEKCHe PpIlEeHHA ONA KOHTPOSIO, WO [03BOJSE

Puc. 4. MoMeHTaJIbHE Big0OpaXXeHHS
BiACYTHiX 3y6iB KOoBLIA

Puc. 5. MomeHTasIbHe Bif06paXeHHs BUSAABNSATY BIACYTHICTb 3y6iB, BiACTEXyBaTW 1XHE
BiACYTHix 3y6iB KoBLIa 3HOLUYBaHHA Ta BM3HavaTu pparmeHTau,ito.
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