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Honarox A

Kon peanizariii ocHOBHOT mporpamMu

import cv2
import numpy as np
from PIL import Image, ImageDraw, ImageFont

# 3aBaHTaXXy€eEMO 300paKCHHS
print("3aBaHTa)keHHs 300pakeHHs...")
image = cv2.imread('talyana.jpg')
if image is None:
print("Ilomuiika: 300paxeHHs! HE 3HaWIeHO.")
exit()
print("300pakeHHs 3aBaHTa)keHO!")

# llepeTBoproemo B HSV
print("IlepeTBopenns B HSV...")
hsv_image = cv2.cvtColor(image, cv2.COLOR BGR2HSV)

# Tlopir mys BUSHAYEHHS 3€JICHUX JTUISTHOK

print("3acTocyBaHHS MOPOTY JUIsl 3€JCHUX JUISTHOK...")

lower thresh = np.array([25, 40, 40])

upper_thresh = np.array([85, 255, 255])

hsv_thresh = cv2.inRange(hsv_image, lower thresh, upper thresh)

# Mopdosnoriuni onepartii

print("3acTocyBaHHS MOP(OJIOTIYHUX OTeparriu...")

kernel = np.ones((5, 5), np.uint8)

hsv_thresh = cv2.morphologyEx(hsv_thresh, cv2.MORPH CLOSE, kernel)
hsv_thresh = cv2.morphologyEx(hsv_thresh, cv2.MORPH_OPEN, kernel)

# 3HaxXoIMMO KOHTYpHU Ha 00po0ieHOMY 300pakeHH1

print("Tlomyk koHTYpiB...")

contours, = cv2.findContours(hsv_thresh, = c¢v2.RETR EXTERNAL,
cv2.CHAIN_APPROX SIMPLE)

# DITBTPy€EMO KOHTYPH 32 IIIOIICIO
min_area = 100
filtered contours = [cnt for cnt in contours if min_area < cv2.contourArea(cnt)]

# BuBomuMO KUIBKICTE 3HAWACHUX JIUCTKIB
num_leaves = len(filtered contours)

print(f Number of leaves: {num leaves}")

# O0UNCIIFOEMO IJIOITY KOKHOI'O JIMCTKA
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leaf areas =[]

for 1, contour in enumerate(filtered contours):
area = cv2.contourArea(contour)
leaf areas.append(area)
print(f"Leaf {1+ 1}: {area} pixels*")

# MainmoemMo KOHTYpH Ha OPUTTHAIBHOMY 300paKeHH1
output image = image.copy()
cv2.drawContours(output _image, filtered contours, -1, (0, 255, 0), 2)

# IlokazyeMo pe3yabTaT 3 KOHTYpaMHu
cv2.imshow("Detected Leaves", output_image)
cv2.waitKey(0)

# CTBOpPEHHSI TEKCTOBOTO 300pa’KEHHS 3 pe3yJibTaTaMU

print("CTBOpeHHS TEKCTOBOTO 300pa>KeHHSI IJIs1 pPE3yJ/bTarTiB...")

white canvas = np.ones((500, 600, 3), dtype="uint8") * 255 # binuit ¢pon

font path = "/Library/Fonts/Arial.ttf" # [LInsax mo mpudrty (3miauTu st Windows)
font = ImageFont.truetype(font path, 24)

results image = Image.fromarray(white canvas)
draw = ImageDraw.Draw(results image)
draw.text((10, 10), f"Number of leaves: {num_leaves}", fill="black", font=font)
y_offset = 50
for 1, area in enumerate(leaf areas):

draw.text((10, y offset), f'Leaf {1 + 1}: {area:2f} pixels*", fill="black",
font=font)

y_offset += 30

# llepeTBOpEHHSI TEKCTOBOTO 300pakeHHs JJi nmoka3y uepe3 OpenCV
results image cv = cv2.cvtColor(np.array(results image),
cv2.COLOR RGB2BGR)

# Iloka3zyeMo TEKCTOBI Pe3yabTaTH MICIs 300payKEHHS 3 KOHTYpaMu
cv2.imshow("Results", results_image cv)

cv2.waitKey(0)

cv2.destroyAllWindows()
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< Plant-Ukraine

University of Cologne, Germany
Certificate of achievement for course

| hereby confirm that Mrs. Hanna Rudakova successfully participated in the course
'InnoBioDiv/Plant-Ukraine' at the University of Cologne, Germany, during the winter term of
2024 (02.10. - 22.11.2024), earning 8 ECTS credit points. The course, conducted in a hybrid
format, combined online learning with in-person sessions at the University of Cologne. It
focused on innovative research on plant-environment interactions in a changing climate,
integrating biology with modern Internet-of-Things technologies.

Teaching and Learning Methods:
* Lectures, self-paced learning courses
* Laboratory work (project-based, research-oriented, in supervised team work)

» Guidance for independent experiment conduct, largely in interdisciplinary and intercultural
teamwork.

Module Objectives and Competencies to be Acquired:
Upon successful completion of the module, the student will possess:

* A deep understanding of the interactions between climate parameters, plant growth, and soil
biodiversity.

* Basic knowledge of modern technologies such as robotics, sensors, and the Internet of
Things in the context of plant research.

* Awareness of the importance of sustainability, resource conservation, and food security in
the context of population growth and climate change.

* The ability to develop and implement concepts for adapting plants to climate change.

* The ability to plan, conduct, and analyze experiments in the fields of plant physiology, soil
biology, and technology.

* The ability to statistically analyze and present experimental data.

* The ability to present and communicate scientific results.
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* Experience in interdisciplinary and intercultural collaboration and the exchange of ideas with
students from various STEM research areas.

« Experience in project planning, implementation, and teamwork.

Module Contents:

* Introduction to the fundamentals of experimental investigation of plant growth in
greenhouses.

* Exploration and understanding of an automated monitoring and irrigation system involving a
FarmBot (https://farm.bot/#; https://www.youtube.com/watch?v=tecNLcilg3Y).

* Application of suitable test plants and microorganisms to study plant growth under the
influence of climate factors.

+ Development of concepts to expand existing experiments and conduct new innovative
experiments.

« Utilization of modern technologies such as robotics, sensors, and loT for the collection and
control of environmental parameters.

* Analysis of measurement data and interpretation of results.
* Documentation of considerations and results in blogs or laboratory journals.

* Presentation of developed concepts to the InnoBioDiv research team and discussion of the
results.

The following performance review took place:
Active participation in online meetings (evaluated with at least sufficient)
Scientific report and Protocol (evaluated with at least sufficient)

Presentation (evaluated with at least sufficient)

Date 28.11.2024

Prof. Dr. Marcel Buch.
Universitat zu Ksin
Institut

Signature Lecturer e Stamp
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being a dynamic task allocation strategy for collaborative assembly systems in

Industry 50.

6. Task Allocation in Production Systems - Measuring and Analysing Levels of
Automation [ EnexrponHmit pecypc]. - PEXUM JOCTYITY
https://www.sciencedirect.com/science/article/pii/

S1474667016331007.

7. Task Allocation in Human—Machine Manufacturing Systems Using Deep
Reinforcement  Learning [Enexkrponnuii  pecypc]. —  pexuM  JOCTYILy

https://www.mdpi.com/2071-1050/14/4/2245

8. Review of task allocation for human-robot collaboration in assembly
[Enexrponuuit pecypc]. - PeXUM JIOCTYymy
https://www.tandfonline.com/doi/full/10.1080/0951192X.2023.2204467#d1¢155.

9. Task allocation in multi-robot system using resource sharing with dynamic
threshold  approach [Enekrponnuit  pecypc]. —  peXHM  JIOCTYILy
https://pmc.ncbi.nlm.nih.gov/articles/PMC9067701/.

10. Multi-heuristic dynamic task allocation using genetic algorithms in a
heterogeneous distributed system [EnekrponHmMii pecypc]. — pexHM IOCTYILY
https://www.sciencedirect.com/science/article/pii/

S0743731510000705.
11. A Heuristic Genetic Algorithm for Independent Task Scheduling [Enexrponnuii
pecypc]. — pEeKUM OOCTYIY

https://www.researchgate.net/publication/331629356 A Heuristic Genetic
Algorithm for Independent Task Scheduling.

AHAJII3 MOBLJILHUX POBOTIB IS
PO3IMI3HABAHHS CKJIAJJTHUX KOH®ITYPAIIINA
JNETAJIEA IPIJIAJTOBY AIBHOI'O BUPOGHMIITBA

Pynaxosa I'.B.
XapkiBChKUit HALIOHATBHUM YHIBEPCHTET Pa/1I0EIEKTPOHIKH
Vkpaina, Xapkis, np. Hayku. 14

JlocmipKkeHHsT pO3TIAAaE aKTyadbHI METOAM Ta TMAXOAH O pPo3pobOKu
MOOUIEHHX pOOOTIB, 3JaTHHX pO3II3HABATH CKJIaAHI KOHIrypamii aeraneit y
npwiano0yaiBHoMy BUpOOHUNTBI. Cy4acHi BHUpPOOHHYI TNPOIECH BHMArarTh
BHCOKOTO pIBHS aBTOMaTu3amii a7s 3abe3meveHHs TOYHOI 1 MIBHAKOI 0O0poOku
CKIaJHUX JeTaled, [0 BKIIOYA€ BUKOPHUCTAHHA POOOTIB 3 IHTENEKTyaIbHHUMH
CHCTEMaMH KOMIT'FOTEPHOTO 30py Ta MAIIHWHHOTO HaB4YaHHA. [3 3pOCTaHHAM
TEXHOJOTIYHMX BHMOI Y BHPOOHHITBI MOOLNBHI poO0TH HaOyBalOTh BaXUIUBOIO
3HAUEHHS 3aBIAKH 34aTHOCTI BUKOHYBATH HABIramiio B JUHAMIYHOMY CEpEIOBHILI Ta
pO3Mi3HABATH JIeTal 3a JIOMOMOrOK HEHMPOHHMX MEpeX 1 aJIropuTMIB TIHOOKOTO
HaBYaHHA, M0 MiABHINYE e(peKTHUBHICT, BHPOOHMYHX omepaliii. BukopucraHHs
KOMIT'FOTEPHOT0 30PY, 30KpeMa 3ropTKOBUX HelpoHHHX Mepex (CNN) Ta TexHomorii
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CEHCOpHOI 1HTerparlii, A03BoJisE poOOTaM O0OpOOIATH TPUBHUMIPHI 300paKEHHS,
BUJIUIATHA KJIFOYOBI OCOOJHMBOCTI Ta aganTyBaTHCA A0 3MIHHMX YMOB OCBITJIEHHA i
MO3HUILIOHYBaHHA 00'€KTIB, 110 € HEOOXITHUM JIjIs 32a0€31eUeHHS BUCOKOI TOYHOCTI Ha
BUPOOHHMIITBI.

KmouoBi cmoBa: mobile robots, computer vision, object recognition,
instrumentation manufacturing, complex part configurations, machine learning,
neural networks, manufacturing automation, deep learning, industrial robots.

ANALYSIS OF MOBILE ROBOTS FOR
RECOGNIZING COMPLEX CONFIGURATIONS OF
PARTS IN INSTRUMENTATION PRODUCTION

Rudakova H.
Kharkiv National University of Radio Electronics
Ukraine, 61166, Kharkiv, Nauky av., 14

The study examines current methods and approaches to the development of
mobile robots capable of recognizing complex configurations of parts in
instrumentation production. Modern manufacturing processes require a high level of
automation to ensure accurate and fast processing of complex parts, including the use
of robots with intelligent computer vision and machine learning systems. As
technological requirements in manufacturing grow, mobile robots are becoming
increasingly important due to their ability to navigate in dynamic environments and
recognize parts using neural networks and deep learning algorithms, which increases
the efficiency of production operations. The use of computer vision, including
convolutional neural networks (CNNs) and sensor integration technologies, allows
robots to process three-dimensional images, highlight key features, and adapt to
changing lighting conditions and object positioning, which is essential for high
accuracy in manufacturing.

Keywords: mobile robots, computer vision, object recognition, instrumentation
manufacturing, complex part configurations, machine learning, neural networks,
manufacturing automation, deep learning, industrial robots.

AKTYAJIBHICTb POBOTH. Cyuacue npunano0yaiBHe BUPOOHHIITBO BUMArae
BHCOKOI'O PIBHS aBTOMATH3allii, 10 3a0e3ledye BHUCOKY TOYHICTh, IIBHAKICTH Ta
AKICTh OOpOOKHM CKJIaJHUX KOHIrypariid aetaneidl. BukopucTaHHA MOOITBHUX
poOOTIB i3 CHCTEMaMH KOMITIOTEPHOTO 30py Ta aJrOPUTMaMH MAIIMHHOI'O HaBYAHHS
CTa€  KPUTUYHO  BaXJIMBUM  JUId  MIJBUNICHHS  [POAYKTHBHOCTI  Ta
KOHKYPEHTOCTIPOMOXKHOCTI ~ BUPOOHMYMX  MIANPUEMCTB. Taka aBTOMAaTH3AIlis
JIO3BOJI€ 3MEHILIUTH 3aJEXKHICTh BiJ JIOACLKOTO (hakTopy, MiHIMi3yIOUH KiJIBKICTH
IIOMHJIOK, 1110 BHHHKAIOTh IIPX PO3Mi3HABaHHI Ta 00po01Il CKIaHHUX JAETaJICH.

AKTyanbsHICTE PO3pOOKH MOOIMBHOrO poboTa Jyis po3mi3HaBaHHS O00'€KTIB y
npwIag00yaiBHOMY BHPOOHHITBI TAaKOXK 3yMOBII€HA 3pOCTAl04Y0I0 IOTpeOoI0 B
IHTEJIEKTYAIbHUX CHCTEMAaX, 3[JaTHUX MPAIIOBATH Y CKJIAJHHUX Ta MIHJIIMBUX YMOBaXx.
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3acToCyBaHHS KOMITHOTEPHOrO 30pY Ta HEHPOHHMX MEPEX A aBTOMAaTHYHOIO
pO3Ii3HaBaHHSA JAeTaled [A03BOJIi€ MOOLILHHM poOoTaM amanTyBaTHCA IO 3MiH
OCBITJICHHS, PI3HHUX KYTIB OMVIAAY Ta CKIAJHHUX reoMeTpHYHUX ¢dopm 00'ekTiB. Lle
3abe3rneuye MiBHINECHHS SIKOCTI MPOAYKIII Ta 3HMKEHHS BUPOOHMYMUX BUTpPAT, IO
Ma€ KJI0Y0BE 3HAYEHHS IS CY4aCHOTO BUCOKOTEXHOJIOT1YHOTO BHPOOHHUIITBA.

Takum unHOM, po3poOka MOOLILHOrO poOOTa, 3aTHOTO PO3Ii3HABATH CKJIAJIHI
KoHirypanii geraneit y npuiano0yaiBHOMY CEpPEAOBHIII, € aKTyaJbHOI 3a/1adero,
sAKa BIAIOBLAa€E CydYaCHHM IOTpeOaM IHAYCTpii Yy BIPOBAIKCHHI 1HHOBAI[IHHHX
pillieHb [JIS i JBHIEHHS €()eKTHBHOCTI, AKOCTI Ta THYYKOCTI BHPOOHUYHX MPOLIECIB.

Meroro 1pOro mocHiJKeHHs € po3pobka MOOULIBHOTO poboTa, 3AATHOTO
aBTOMATHYHO PO3IIi3HABaTH CKIadHI KOHpIrypamii metaieid y npuiago0yaiBHOMY
BUPOOHHIITBI 3@ JOIOMOIOI0 TEXHOJOridH KOMI'IOTEPHOTO 30py Ta QJITOPHTMIB
MAIIMHHOIO HaBYaHHs. J[OCHI/DKEHHsA CHpsMOBaHE Ha CTBOPEHHS CHCTEMH, sKa
3a0€3MEeYHTh BHCOKY TOYHICTP 1 CTaOLIBHICTh pO3MI3HABAHHA, a TAKOXK aJalTHBHICTh
JI0O 3MiH HaBKOJIMIIHLOTO CEPEJOBHINA Ta 3JaTHICTH MPAIlOBAaTH B yMOBax, IO
MOCTIHHO 3MIHIOIOTECS. J{JI JOCSATHEHHS Ii€l METH epea0avacThCa aHalll3 CydaCHUX
METO/IIB KOMITFOTEPHOTO 30pYy Ta MANIWHHOTO HaBYaHHSA, IO 3aCTOCOBYIOTHCA IS
po3mi3HaBaHHA O0'€KTIB y BHPOOHHMYHMX YyMOBaxX, pO3pOoOKa Ta BIPOBALKECHHS
BIIOBIIHUX QITOPUTMIB JIJI1 TOYHOIO PO3II3HABaHHA OO0'€KTIB 3 PI3HUMH
KOH(ITypaIisMi, a TaKOX TECTyBaHHA W ONTUMI3AIls CHUCTEMH pO3Mi3HABaHHS B
peanbHOMY BHPOOHHYOMY cepenoBuii. Lle 103BoHTEL 3a0€3eUnTH HAAIHHY poOoTYy
MOOLUIBHOTO po00Ta y JUHAMIYHHX BHPOOHHYHX YMOBax 3 PI3HUMH PIBHSIMHU
OCBITJICHHA Ta CKJIQIHICTIO 00’ €KTIB.

MoOiJIbHI MaHIIYJIATOPH 3 KOMII'FOTEPHHM 30pPOM MOXYTh 3HAYHO IIiJABHILUTH
e(DEeKTHBHICTF MaIMX 1 CEpPeAHIX IMIJIPHEMCTB 3aBASKH aBTOMAaTH30BAaHOMY
pO3Mi3HaBaHHIO Ta JioKamizamii o0’extiB (puc.l). Jlus BupimieHHs i€l 3amadi
BUKOPHCTOBYIOTBHCS TEXHOJIOTi TPMBUMIPHUX TOYKOBHX XMap 1 IIMOOKOT0 HaBYaHHS,
[0 JI03BOJIIE POOOTY aJanTyBaTUCHA A0 AMHAMIYHOTO CEPEJOBHINA Ta BUKOHYBATH
PI3HOMaHITHI 3aBJaHHs, TaKi K aBTOMAaTUYHE 3aXOIUICHHS 1 TEpEMIIlICHHs 00’ €KTIB.
TpuBuMipHi TOYKOBI XMapu 3abe3neuyioTh JeTalbHe BigoOpakeHHA 00’€KTIB Yy
MpOCTOPi, IO Jl1a€ 3MOTY TOYHO IiAeHTHUGhIKYBaTH Ta JIOKAIi3yBaTH JeTall B
peansHOMY 4aci [1].

Y pesynapTaTi BHpPOBAKEHHA TaKOi TEeXHOJOrii, po0OT cTae HamidHUM i
BUCOKOTOYHMM IHCTPYMEHTOM Yy BHPOOHHMYMX IIpOLECaX. 3aBAAKH aJalTHBHOMY
3aXOILTIOBAaYy Ta THYYKOCTI HAJIANITYBaHb, MAHIMYJIATOP 3JaTCH BUKOHYBATU CKJIAIHI
3aBJaHHA 3 BUCOKOIO TOYHICTIO Ta O€3MEKOI0 ISl HABKOJIUIIHBOTO cepenoBHia [2].
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Pucynok 1 — MoOuUIsHHI MaHITYJIATOP 3 KOMI'IOTEPHUM 30pOM Ta CUCTEMOIO TPUBUMIPHUX
TOYKOBHX XMap JUIsl aBTOMATU30BaHOI'0 PO3Ii3HABAHHA 1 JIOKai3awii 00'€KTiB y BUPOOHUYOMY
CepeIOBHIIL

Mob6utbHi poO0TH, 30KpeMa aBTOMAaTH30BaHI KEpOBaHI TPaHCIOPTHI 3aco0u
(AGV), BigirpaioTh 3HAYHY pOJIb Yy CY4aCHOMY BHUPOOHHIITBI, MiJIBULIYIOUYH
THYYKICTh 0OpOOKM MaTepiaiiB i ONTHMI3YIOYHM MPOLECH JOKaji3alii Ta HaBiraiii.
3aBISKM TaKUM TEXHOJIOTiSAM, SIK Jla3epHa TPHAHTYIIALISA, CTEIbOBI IITPUX-KOAU Ta
SLAM (puc. 2), MoOinbHI poOOTH 3aTHI TOYHO BU3HAYATH CBOE PO3TALIYBaHHS Ta
e(eKTUBHO MepecyBaTHCs Ha BUPOOHUIITBI, 1[0 3a0e3redye iHTErpaiio 3 iHIIMMH
CHCTeMaMH 1 HiIBUNIy€ NpPOAYKTUBHICTh. besnexka poboTu poOOTIB y CHUIBHUX
pobounx 30HAX 13 JIIOJBMH JOCATAETHCSA 3aBISKU JIOTPUMAHHIO MDKHAPOIHHUX
CTaHAapTiB Oe3leku, 10 JO3BOJSE YHUKATH 3ITKHEHb 1 3aXHIATH OIEPaTOpiB Y
nporeci poOoTH.

Pucynok 2 — Meroau nokanizanii Mo61IsHUX po6OTiB

38
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Jl1s moBHOI iHTerpamii MOOLIBHUX pOOOTIB Yy BUPOOHUYI MPOIECH BAXIIMBUM €
BpaxyBaHHS IXHbOI HAaJIMHOCTI Ta THYYKOCTI B YMOBaX 3MiHHUX BUPOOHHYUX NOTPEO.
3aBAsKM 3AATHOCTI O MIBUAKOI ajanTallii Ta MiATPUMKA HOBHX 3aBIaHb, 1[I poOOTH
HIOXOAATH JUIS aBTOMaTH3aIlil 0araTb0X BUPOOHUYMX OIepalliii, 3HaYHO IMiJBUIIYIOYH
IPOAYKTUBHICT 1 3HWXKYIO4YM BHUTpatd. KpiM TOro, po3poOka cTaHIapTU30BaHHUX
IHCTPYMEHTIB [ TOPIBHAHHSA NPOAYKTHBHOCTI Ta IHTYITUBHO 3pO3yMLIOr0O
IIPOrpaMHOro 3a0e3MeUeHHs] € KIYOBUMHU I IIBHJAKOI IHTerpamii MOOUIBHHX
poOOTiB Ha BUPOOHUIITBI

Pucynok 3 — Cuctema aBTOMaTU30BaHOI'O COPTYBAHHS Ta TPAHCIIOPTYBAaHHA 00'€KTIB 3a
JOIIOMOT'00 MOOLIEHUX poOOTIB

Meroau KOMIT FOTEPHOTO 30py MJis PO3IMi3HABaHHA 00’€KTIB y MPOMHCIOBUX
YMOBax JI03BOJIIIOTH CTBOPIOBATH BEKTOPHHM OmHMC 00’€KTIiB, 10 BpaxoBye ¢GopMmy,
KOHTYp Ta IIMOMHY Ui HiIBMIEHHS TOYHOCTI po3mi3HaBaHHA. Boundary Object
Function (BOF) BHUKOpPHCTOBYEThCS /[ BH3HAUYE€HHS KOHTYpy o0O0’ekTa, e
OLIIHIOETHCA BIJICTaHb BiJ] LEHTPOia 1O NEPUMETPY, CTBOPIOIOYM YHIKaIbHHMA
BekTopHUi mpodins. Shape From Shading (SFS) 3actocoByerbes mns moOynoBu
TPUBUMIPHOTO BUITISAY HOBEPXHI 00'€KTa 3a JOIOMOTrOI0 BiAOIHMCKIB CBITJIA, IIO
NO3BOJIIE OTPUMATU JOAATKOBI jgetanmi #oro ¢opmu. Jlns BimoOpaxkeHHs
IIPOCTOPOBUX XapaKTEPUCTUK 3aCTOCOBYETHCS EMINOAPHA T€OMETPis, SKa JOIOMarae
chopMyBaTH KapTy I'TMOUHH Yepe3 CTepPeoBi3iiHy cucteMy (puc. 4).

P e

Pucynox 4 — I[ToOyznoBa kapTi riuOuHN 00'€KTa 3 BUKOPUCTAHHSM EIIIOJIIPHOI reoMeTpii
39
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IToenqnanns nux MeToniB 3abe3nedye po3mi3HaBaHHSA O00'€KTIB 3 BHCOKOIO
TOYHICTIO HaBiTh Yy BHIAJKaX, KOJU KOHTypU 00’€KTiB cxoxi, ane ix ¢opma abo
BHUCOTa BIJPI3HAIOTHCH, IO OCOOJIMBO BaXUIMBO [JIsi aBTOMATU30BAaHHX CHCTEM B
yMOBax IIPOMHCIIOBOTO BUPOOHUITBA [4].

IHcmekiis KOMIIOHEHTIB Ha BHPOOHHMIITBI MOXKe OyTH 3HA4HO BJIOCKOHAJIEHA
3aBISKM BHUKOPHUCTAaHHIO POOOTH30BAHMUX CHUCTEM, IO KEPYKOThCS Bi3yalbHOIO
iHpopmaniero. Texnomnoris "structure from motion" (SfM) nosBossie cTBOprOBaTH
TPUBUMIpDHI MoOJeni JeTaled Ha OCHOBI cepii JBOBUMIPHHUX 300paxkeHb, fKi
3a0e3meuyoTh TOYHMHA MapIIPYT Ui YJIbTPa3BYKOBOTO 30HJAA, WLIO 3AIHCHIOE
HepyiHiBHUN KOHTpoib (NDT) o6'extiB 3i ckiagHoro reomerpieio. Cepen MeTomiB
OTpUMaHHS 300pakeHb PpO3IJANAIOTHCS PpPacTpoOBE, IMOJSPHE Ta CHipajibHE
CKaHyBaHHS, KOXHE 3 SKHX ONTHMI30BaHe [uIi OO0’€kTiB pi3HUX GopMm.
ITapabosnoinansHa cripaibs BUSBISETHCS Halle(heKTUBHINIO, 3a0€311e9y04d TOYHICTh
TpuBUMIpHUX Mogjeneid 1o 0.43 MM, mO copuse BHUCOKIH SKOCTI KOHTPOIIO
KOMITOHEHTIB (puc. 5) [5].

-]

H

PucyHox 5 — TpuBuMipHa Mozienb 06'ekTa, CTBOpEHa METO0M IapaboioifanbHoi cripat 1s
I IBUIIIEHHS TOYHOCTI 1HCITEKIIT

Po3nmi3zHaBaHHA 00'€KTIB Ha OCHOBI MOZEJIEH € BaXXJIMBHUM IIIIXOIOM JUIA
3a0e3Me4YeHHs] TOYHOTO BU3HAYEHHS IOJIOKEHHS Ta Opi€HTAllli 00’€KTIB y CKJIATHHUX
BUPOOHMYMX  CEpelOBHINAX. PO3rNIAAalOTBCS  aNrOPUTMH, IO  JIO3BOJIAIOTH
pO3Mi3HABATH J€TaJli, HABITh SKIIO BOHU PO3TAIIOBaHI B XaOTUYHOMY MOPSAAKY, K Y
BUIaaKy npobiaemu "bin-picking" y mpommuciioBux koHTedHepax. s miei metn
3acTocoByrOThCs 2D, 2.5D Ta 3D Moneni 00'eKTiB, KOXKHA 3 SIKAX Ma€ CBOI Ie€peBaru
3a]leXHO Bif crenudikd 3aBAAaHHA. AJTOPUTMH OpIEHTOBaHI Ha BHIUICHHS
XapakTepHUX puUC OO’€KTIB, MOJEIIOBaHHS Ta 3ICTaBICHHS, IO JIO3BOJISIE
3a0e3neynTy cTabiibHE PO3Mi3HABaHHS y BUPOOHHUYMX yMOBax. BHCHOBKM CBif4aTh
Ipo HEOoOXiAHICTh 3abe3ledyeHHs THYYKOCTI, MIBUAKOI 0OpoOku 300paxeHpb 1
CTIMKOCTI /10 3MiH HAaBKOJMIIHBOIO CEPEIOBHILA s TOCATHEHHS BUCOKOI TOYHOCTI
MO3UIIIOHYBaHHS Ta BUSBJICHHS IPOMUCIIOBUX AeTaielt [6].

ABTOHOMHI MOOUIBHI poboT (AMR) craioTh Bce OLIBII NOIIMPEHUMHU Y
BUPOOHUYMX CEpENOBMIIAX, 3aBIAKH iX 3MATHOCTI J0 00’€KTHOrO pO3Mi3HAaBaHHSA 1
YHUKHEHHsI TMEpelIKo] y pexumi peanbHoro yacy. s 3abe3nedyeHHs HaIidHOTO
po3Mi3HaBaHHA 00’€KTIB 3aCTOCOBYIOTBHCS aJTOPUTMH ITMOOKOrO HaBYaHHS, TaKi SIK
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YOLO, SSD mma omHoertamHux nerekTopiB, Ta Faster R-CNN s aBoeTamHHX.
Opanoeramnni gerekropu, Taki sk YOLO, 3a0e3medyroTh BHCOKY IIBHAKICTE
pO3Ii3HABaHHA, TOAlI SAK JBOeTamHi anroputvu, Taki sk Faster R-CNN,
BiI3HAYAIOTBCA KpAIOK TOYHICTIO 3aBOAKH BHIUICHHIO pETIOHIB 1HTEpECY.
3acTOCYBaHHS JEKIILKOX CeHCopiB, Takux Ak LiDAR i kaMepu, no3Boige 00’ €IHATH
JlaHl JUId IIOBHINEHHA TOYHOCTI PO3Mi3HABaHHA. BHKOpHCTaHHS TINIMOOKHX
HEMPOHHHX MEPEX CIPHAE MiABHUIICHHIO HamiiHocTi AMR y IHMHAMIYHHX yMOBax,
3a0e3Mmeuyrour TOYHY JIOKami3aiilo 00'ekTiB 1 6e3meuHy HaBIraIilo cepei MeperKkon
[7].

Y poboTu3oBaHMX Ta aBTOHOMHHX cHcTeMax (RAS) TexHOIOrii MalmMHHOTO
HaBYaHHA BIJIrPalOTh BHPIIMIATILHY POJIL y IpoIecax IHCHEKIii Ta MOHITOPHHIY
MEXaHIYHHX CHCTEM 1 IMBUIBHOI 1H(pacTpykTypu. OCHOBHI THIIH TEXHOJIOTIH
BKJIFOYAIOTh Pi3HI BUJW POOOTIB: Ha3€MHI, MOPCHKI, MOBITPAHI Ta KOCMIYHI, KOXEH 13
SKHX BHUKOPHCTOBYE crnenudiuHi AaTduku Ui 300py Ta 00poOKH AaHMX PO CTaH
iHQpaCTPYKTypH, HAIPHKIAJ, TPYyOOIPOBOIB, BITPOBHUX TypOiH Ta MocTiB. Jlms
00po0Kku 310paHKX JaHUX BUKOPUCTOBYIOTHCS METOAM IITMOOKOT0 HaBYaHHS, 30KpeMa
3TOPTKOBI HEHPOHHI MEPEXi, 110 J03BOJSIOThH 3MiHCHIOBATH TOYHY KiIacH(ikallio Ta
BUSBIECHHSA Je(EeKTiB y peXHMi pealbHOro 4Yacy. 3acTOCYBaHHS MAIIMHHOTO
HaBYaHHA Yy cdepl IHCIEKINT T03BOJIsA€ 3HAYHO 3HU3UTH BUTPATH, I1IBUIIUTHA OE3MEKY
1 IBHAKICT MOHITOPHHIY, 3a0€3[eYyl0YH BHCOKY TOYHICTh JIarHOCTHKH CTaHY
00’€KTIB Y CKJIQOHUX 1 BaXKKOJOCTYIIHUX YMOBax [8].

CyuacHi TEHJEHIIlI BUKOPHUCTAHHS MPOMMCIOBUX POOOTIB OXOILUIIOIOTH HOBI
chepy, Taki AK MeIMIIMHA, XapyoBa IIPOMHCIIOBICTh, CLIbCHKE TIOCIOAApPCTBO Ta
IMBUIBHE OymiBHUITBO. OCHOBHA yBara IPHUAUISETHCA ITHTAHHAM B3a€MOJII JIIOJMHU
3 MAalIMHOK, PpO3Mi3HABAHHIO 00’€KTIB, IUIAHYBAaHHIO TPAEKTOpii Ta omTHMI3allii
pobounx mporueciB. A kiaacudikaiii poOOTOTEXHIUYHHX PIlICHb PO3IIIANAIOTHCS
JIOCSATHEHHS B IHTErpamii IITYYHOro IHTEJEKTY Ta KOMII'IOTEPHOTO 30pYy, IO
n03BoJsie poboTaM edEeKTMBHO MPALIOBATH B yMOBaX HemependavdyBaHHUX 3MiH.
[linKpecmoeTbCc BaXIMBICTh TMOMAIBIIONO PO3BUTKY aJaNTHBHHX TEXHOJOTIMH,
30KpeMa IOJIMNIIEHHS aJrOPUTMIB [JIS B3a€MOJIl 3 JIIOABMH B PEXHMI pealbHOro
qacy Ta 3abe3nedeHHs 0e3evHoro cepeoBuina A pobotu nopyd i3 goasmu [9].

BUCHOBKHM: 3acrocyBanHi  MOOUIBHHX  poOOTIB 13  CHCTEMaMH
KOMIT'YOTEPHOT'0 30py Ta MAIIMHHOTO HaBYaHHA B MPWIANO0yAiBHOMY BHpPOOHHUIITBI
JIO3BOJISIE 3HAYHO MIJBUIUTH MMPOIYKTHUBHICTb, TOYHICT 1 THYYKICTH BHPOOHUYHMX
nporieciB. BukopucTaHHS aJIrOpUTMIB TJIMOOKOTO0 HaBYaHHA, TaKUX SK 3rOPTKOBI
HEHpOHHI Mepexi, 3a0e3neuye podoTaM MOXIIMBICTL HAIHHO PO3Ii3HABATH CKJIAIHI
koH(irypamii Jgeraneit y JMHaMIYHMX BHPOOHMYHMX yMOBax. Pesyinbratu
JIOCIIJIPKEHHST CB1/TYaTh, IO IHTErpallisi TaKuX poOOTIB y BHPOOHHIITBO JO3BOJISE
MiHIMI3yBaTH BIUIMB JIIOJICHKOrO (hakTopa, 3HIXKYIOUH PiB€Hb IMOMHJIOK Ta BHUTpaT.
TexHONOrIi TPUBMMIPHMX TOYKOBHX XMap, CEHCOPHOI IHTerpamii Ta aJalTHBHHX
anropuT™MiB 00poOKH 300paxkeHh 3a0e3MeuyroTh BHCOKY TOYHICTH 1 HAiHHICTh
poboTu MOOLIEHHUX PoOOTIB. [loganbIIHit PO3BHTOK IIMX TEXHOJIOTIH € BOXXKIUBUM JUIS
30epexxeHHs KOHKYPEHTOCIIPOMOXKHOCTI Ta BIIPOBADKCHHS I1HHOBaIiii y cdepi
aBTOMAaTHU3allll BUPOOHUIITBA.
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