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Llenv pabomei. pazpaboTKa yCTPOMCTBA HJisi JUCTAHIIMOHHOTO KOHTPOJIS
KauecTBa paboThl 3D-mpuHTEpa C UCHOJIB30BaHUEM MUKpPOKOHTpoJuiepa ESP32-
CAM u Telegram-6ota. O0bEKTOM UCCIIEIOBAHUS SIBISIETCS MPOLIECC BU3YATBHOTO
KOHTpoJisi 3D-neyaTtu, a mpeaMeToM — METOJIbl aBTOMAaTUYECKOT0 OOHAPYKEHUs
ne(eKTOB U peann3aliy yIaJEHHOTO yIpaBlIeHUs yepe3 00JauHble CEPBUCHI.

B pabGote paccMmoTpeHbl TunuuHble nedexThl, Bo3HUKarouue npu FDM-
neyaTd, BKJIOYass CMelleHHe cao€B, aedopmami U IPDEKT «CHareTTH».
[IpoananusupoBansl BO3MOKHOCTA Moayiist ESP32-CAM nuida 3axBara u nepenadn
U300paKEeHUI, a Takke MpUHIUNBl uHTerpauu ¢ Telegram API nns peanuszanuun
YAAIEHHOTO B3auMoJieicTBUs. Pa3paboTaH anropuT™ MOMUKCENBHOTO CpaBHEHUS
U300pKEHU € TOpOroBod  (uiabTpalueid, MNO3BOJSIOMMN  (QUKCHPOBATH
OTKJIOHEHUsA Oojiee yeM Ha 5% mnuKcened TEeKylero Kajapa MO CPaBHEHUIO C
ATAJIOHHBIM.

PeanuzoBan ¢pyHKIMOHAN 00Ta € MOAACPKKONW KOMAaH/: 3allyCKa U OCTAHOBKHU
CbEMKHU, YINpAaBICHUA MUTAHUEM IPUHTEpA YEepe3 pejie U MOJYyYeHHs cTaryca
YCTPOMCTBA. DKCIEPUMEHTAIILHO MOATBEPKIECHA PAOOTOCIIOCOOHOCTh CHUCTEMBI:
ESP32-CAM cTaOuiabHO BBITIOJIHAET CHEMKY, aHAJIW3 M OTIIPaBKY M300paKeHU, a
TaK)Ke MPUHUMAET KOMaH/Ibl IOJIb30BaTENS B PEXKUME PEATLHOTO BPEMEHHU.

PazpabotanHoe pelieHue MOXKET OBbITh HUCIOJb30BAHO IS ABTOMATH3U-
poBaHHOr0 MOHUTOpWHra 3D-medyat B JOMAaIIHUX M TOJYyNpo(decCHOHATbHBIX
YCIIOBUSIX, @ TaKXe€ CIYXUTh OCHOBOM /i JalbHEHIIEro pa3BUTUS CUCTEM
TEXHUYECKOT0 3peHUs Ha 0a3e HEAOPOTrUX MUKPOKOHTPOJIIEPOB.
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Mb>ma npaywi: pactipanoyka mpbuTa bl AT TBICTAaHITbIMHATA KAHTPOJTIO SIKACIT
nparsl  3D-npbIHTApa 3 BbIKapeIicTaHHEM MikpakaHTtposiepa ESP32-CAM i
Telegram-6ota. AO’ekTaM JaciieaBaHHS 3’syiselllia MpaldC BidyallbHara
kaaTposro 3D-npyky, a mpaaMeraM — MeETaabl ayTamaThluHara BBISYJICHHS
ma¢eKTay 1 prajizalbli IbICTaHIIbIIIHATA KipaBaHHS pa3 BOOJIAYHBISI COPBICHIL.

VY pabore pasrisgaroiia ThIMOBBIS IA(EKThI, sKis Y3HiKaroupb mpsl FDM-
JIpYKy, YKIIO4ar4bl 3pyxX ciady, mdapmanbii 1 3dext "cmarets".
[IpaanamizaBanbel MardbiMaciili Moayiis ESP32-CAM mis 3axomy 1 Iepajgaysl
BBISTY, a Takcama MpBIHLBINGI 1HTArpanbll 3 Telegram API ana poamizaunei
JbICTaHIIbIHAra Y3aeMaj3esiHHs. PacnpaimiaBanbl anrapelTM —MamikcelbHara
napayHaHHsI BbIAY 3 MaporaBail (piIbTpalblsiid, SKi Ja3Basie (pikcaBailb ax1IeHH]
OombII UbIM Ha 5% mikcensy Ogrydara kajpa ¥ napayHaHHi 3 3TAJIOHHBIM.

P»anizaBansl pyHKUBIsIHAT 00Ta 3 MAATPHIMKAN KaMaH/I: 3aIyCKY 1 CIIBIHEHHS
3/IbIMK1, KIpaBaHHS XapyaBaHHEM IMPBIHTApa Mpa3 paJie 1 aTpbIMaHHS CTaTyCy
npbUIaAbl. OKCIEpbIMEHTalbHA MAalBEp/KaHA MPala3godbHACHb CICTAMBI:
ESP32-CAM crabinbHa BEIKOHBAE 37bIMKY, aHATI3 1 aAMpayKy BbIAY, a Takcama
npbIMae KaMaHAbl KapbICTAJIbHIKA ¥ PI)KbIME pajibHAra 4acy..
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The objective of this work is the development of a device for remote quality
control of 3D printer operation using the ESP32-CAM microcontroller and a
Telegram bot. The research focuses on the process of visual monitoring of 3D
printing, with an emphasis on methods for automatic defect detection and remote
control implementation via cloud services.

The study examines typical defects in FDM printing, including layer shifting,
warping, and the "spaghetti effect.” The capabilities of the ESP32-CAM module for
image capture and transmission are analyzed, along with the principles of Telegram
API integration for remote interaction. An algorithm for pixel-by-pixel image
comparison with threshold filtering has been developed, capable of detecting
deviations exceeding 5% of pixels in the current frame compared to the reference.

The implemented bot functionality includes commands for starting/stopping
image capture, printer power control via relay, and device status retrieval.
Experimental testing confirmed the system's reliability: the ESP32-CAM
consistently performs image capture, analysis, and transmission while processing
user commands in real time.

The developed solution can be used for automated 3D printing monitoring in
home and semi-professional environments, as well as serve as a foundation for
further development of computer vision systems based on low-cost microcontrollers.



