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IIEPIAHYH

H efmfnon viikod (ME) eivanl puo oyetikd vée texvoroyio mpocBetikie KUTOOKEDTS
(tprodrdotay extdnmon) mov £gepe emaviotact otov topfe TG KoTaokevhc Adym g
IKavOMTag TG vau Snptovpyel edkoda ket ypipyopo mpooappocpéve kot odvleta avekTikd
gSopripote. Idwitepn mpocoyfi otnv avowr Pifhoypagic diveton omig Svverdtrec Tov
ohvheTmv VALKGOY evioyvuéva e cuvexels fveg, kabdg napovoiélovy nyovicég 181dtTee Kovid
oe ovtés Tov petddiov. Hapd to mheovekmpudta e ME, éva onpaviikd pelovékmmpa g
pedodov oxeriCeran pe ™y TomoBéTnon ket To OSOGTO TV WY, Ta omoia emnpedlovy SpaoTiKd,
™ pyoevikn anédoon tov teducod efapripoatog. H avupetdmion avtod tov {nripotog propet
vo. emrevyBel pe ) xprion copdoemy vrodoylonki] pucpotopoypagpic (micro-CT), smpémoviag
TV OMEKOVION TOV vhV oTo VAMKO Tng pritpag. Qotdco, i aflonoinen tov anotekecpdtoy TG
obpwong pe micro-CT (Snd. o dwywpiopds 1oV phocmv g PATpeg Kol Tov vév) dev sival
TETPIUUEVI MOy TOU pey£B0UG TV VMY Kol ToV avoA0YIdY TUKVOTITOG TG WATPAG Kal TG (veg,
0 onofo kabiotoly dhokoAn v opbif amedvion ToV oV ot piTpo.

O mpotapyikds otdyog tng mapovowg peAétng elvon m Swepebvnon g ypHong
ovppatikdy  alyopiBumy micro-CT xar aryopifpuov vevpevucod Swrdov (NN} yx v
enefepyocie euwcdvag amockondviag oty akpif anewdvion ko aviyveven tov wev o

pLodiiotate  extonopéve odvBeto, vhkd. e tov okomd wvtd, ypnoylomomdnke
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tporonotiévn ékdoon tov povidhov YOLO (You Only Look Once) v7 Tiny. 'Emetto
SKTLOIBEDTNKE oTIg ¥ewpokivita emonpacpéveg ewkdveg g micro-CT yw éva tpodibotata
skturopévo abvleto vk evioyppévo e ovveyels tveg Kevlar kot v €va pe ovveyels iveg
dvOpaxa. Ou saphoeg micro-CT npaypatoromiBnkov oto Vrije Universiteit Brussel (VUB),
o11g Bpuééiieg Tov Bekylov kot yproorombnkay oty napodod HEAET.

To. amoteAéopato KoTadelkvbovy 6Tt 1 Tpomomompévy éxdoon tov YOLOVT fitav os
Béon va anoTum®oEr Ta OpLa TV WAV e PeydAn axpifed, odjydviog os capog Kebopiopéveg
tveg 010 VAIKO g pNtpas. EmmAéov fitav oe Béon vo mopdlel aroteAEopoto v QIAGDEC
£IKOVES OF Alyo ASTTO, YEYOVOS IOV SElXVEL TI YPOVIKT AMOSOTIKOTIIT KO TV IPOKTIKOTITY TOL.
Abye tov wpoavepepbévioy mapaydviey, 1 tponoromuévy £xdoon tov YOLOvVT amoteiel
oAt Tpostikn oty emotnpoviky Biflwypopia kot uropel vo yprioipornombet té6oo and
gnoyyeipatiss g Propnyoviag 660 Kdl drd okaSNPIEIKODG Y THY GmOKTINOTY YPRYOP®V KoL

akpifdv aroterecpdtov waov ond ewdveg micro-CT.
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Fiber detection in micro Computer Tomography images of additively
manufactured composites using neural networks

Christos Nikolaou

ABSTRACT

Material extrusion (ME) is o relatively new additive manufacturing (3D printing)
technology that revolutionized the manufacturing domain due to its ability to create easily and
fast custom and composite durable parts. Special attention in the open literature is given to the
potential of composites reinforced with continuous fibers since they exhibit mechanical
properties close to the ones of metals. Despite the plethora of benefits associated with ME, a
significant disadvantage of the method is related to the fibers’ positioning and percentage, both
of which influence drastically the mechanical performance of the final part. Tackling this issue
cant be achieved using micro Computer Tomography (micro- CT) scans which allow to visualize
the fibers in the matrix material. However, utilizing the results of the micro-CT scan (i.e.
separating the phases of the matrix and the fibers) is non-trivial due to the size of the fibers and
the density ratios of the matrix and the fiber, both of which deem it challenging to properly

visualize the fibers in the matrix.

The primary objective of this study is to investigate the use of conventional micro-CT
and neural network (NN) algorithms for image processing to accurately visualize and detect the
fibers in 3D printed composites. A custom version of YOLO (You Only Look Once) v7 Tiny
model was used. The model was trained on manually labeled images of micro-CT results for a

3D printed composite reinforced with continuous Kevlar fibers and another one reinforced with
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continuous carbon fibers, The micro-CT scans were performed in the Vrije Universiteit Brussel

(VUB), in Brussels Belgium and were utilized in this study.

The results demonstrate that the YOLOv7 algorithm was able to capture the boundaries
of the fibers accurately leading to clearly defined fibers in the matrix material. Furthermore, the
ability to provide results for thousands of images in a few minutes indicates its time efficiency
and practicability. Due to the aforementioned factors, the custom version of YOLO v7 is a
valuable addition to the scientific literature and can be used by both industry and academic

professionals to obtain rapid and accurate results of fibers from micro-CT images.
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