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Abstract

Laser nitr-pdeaigsi can hsiugrhf ace modi fi cati on pr oc
resi stance and corrosion resistance of the mat e
appearance of cracks when teme rmrydrdesbisliisen gple rtf oa n
to detect the cracks are time consuming, costly
forth debpséedacnboll recogniti-6idVadrl otfhhe Ipaoeaere smsi
| aaxsenitriding has been performed by varying dut)
nitrided sample has then been processed through
Focus G5), creatinghbi gmage pofperdt cavhdhednag2els | uded
conversionen,paitarhgjne ncltaaitdi osnub s e qu e nn o nrad Abetsa | of
preprocessing, t he i nversothiugsatt i oinn afroyc ucsleads soinf i ecnapt |
CNN moared sits varcilanddbédg -RESEN¥EGEGE GooglLeNet (I ncey
and Deh8&Neto r ecognlihzee pseurrffoarcnea nccrea cokfis .t hese mod
by fine tuning different CINWNpégaseanvaioeldbkbsoiamg it
| etsrsai nabl e parladme t¥%e@ Ge xlhiikbei tVGhGtt er perf ormance
98% tozeecogriks. Through the ach®evedthesmbss, pi
mo d e | for this crack recognition proombllerm etro nea ftfre
Ti6 A4V material, owing to iterbesbvmpacadatyg aathpl
Res &t and -MBception

Keywor ds: Laser Nitriding, Crack recog,niBiimar,y De
classification

1.l ntroducti on

Sur fcaocad ed componentesxtaennds isvter uacptpul riecsa tfiionnd i n var
medi cal equi pmanmetdi mand udipnqtiaeanitsyevi ce producti on,
fabrication, mol ding can produldt,i on2] ,Begt3eaqteis[nd et
surface defects becomes <cruci al as thegurcfammcepr o
coating techniqgue employed and the superiority o
bals&@&he devel opment of rekcbgthé &h @imgru ecofait eime rstu r d raa
been a subject ofhexspadgsdalse awersreeamtgh wuhtrasoni c


mailto:m.awan@qub.ac.uk

—

est immigc raonwda v[ie7 Jt,e s[t8.Fwgc h9i echh@hwmess mameg ,t icnest | y a
uman expertise tohiondareripead thevarisabitlsi whia&nd
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To ovetriteome t atth e ntsotwddt i onaldveeckmieniteass, n | mage
nd computechmnwiiggueosn have provi dede megwmidp poonr tami
ur$darccke coatBipnamdsds ignd al i mages or otphtrioouagthh ipm ® f i |
i s,i oint beconreesc pipicda @i esemce of craetkfsi wi &fhe i gl
12], [I1B ] udare@d 4Vi si on, convo(lQUNNwme | e meerugead asete
oi nt of metsalar s brrffeaoroeg hdilebfiepcnt[ 1 6.JCNNEA&] ong 18F t
oundatnidomolmmbdaebedin comput erawtiosmagire rcdacniag re naln d
nd | earning by integrating f eaftruanmneweaotrtrkk and tnii onru ma
umbodr parameters comparedA tnmbe¢ehedbokompl kav &Ldimo e
fforts to use CNN and its Warri amisguayneemp LOthr & A cC €
mpl oyeedas e@NNhnul ti class classificatiiasn aglrgdruicttt
ncl bdbwghol e, chipdgteagt The adkv e@alnadp evdh sSBNN model
f more than 9Otowdiédodctasd |[ 2&fnpdl hext d atlarrans snhggNe A1 e x

s the promosaed maddeldata set to detect .damage

ut hucsresd o mbi nati on of di fferent dat a stertai ari man
alidation and testing, and compared the model
without transfer Itmadealinngac Mirawnesd eaceuwr dewrmnf 9
Comparison of di fferent CNN models is a proven
classificati o@ao |2 digvieslaodsesdnird immirdseedd ng CNN vari a
such MNesb ORe sNethGE, -1IMVGGand E#Hf0i cioesntieNeebtctsur f ace de
i ncorporating pseudo | ableéssresultisl deemondiDalelelde
was the mostthfemessitodat ewahtd 100% accur acyCheongdet ec
et [&2Ip. oposNNd baas@d IMiedcr onmrdeedk to i mprove the fea
i mages of mi leteeorcnriancakls ednectr odse Dlie tmpmaea@ad send cra@d
superior performance in comparison H®,t hesmMexd 5&
VGG1 6, SegDec-Net tomdd Rae &t mi cro cracks.
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Simil arefkfibnadt sofbeen made ¢ wr fdaaad C tf gost e,fi erlcatt seerticre
al] 28t ained diff@&NNnNNusivhag itamaomb tosfsi 1 gat hengctar ac
barrier coatings usi nghaatgh2i4d ed iscualiltein-C BRE Mteor maRg e

detect cracks in ther malsXibaao r[e2ebrhapld cmayteidn gtsh eo fd etep
using 2D SBM dienaegecetisnt lae rcpdalssna spraywdOB toer mal
accubbcygt2addt eccrtaecdk sal casreirn gl adels sgby using a comb
proctegsof acoust i cdeeenp snseiuornalSingentantosrpkaso dessi ng wa
di fferent features fr oCMlNaovawssitdemdeinfios sti hoen csri agenkasl
extracted ¥Zéavbuf2ppmepa®dNd based classification n
coating surface defects. Experi mental Ne®68ults s
achieve high preti smooere iarhdmnla®®D™rfayxciyng vTahreisoeus c C
studi esDasd@wr nlhia)gs (an efficient technigue to recoc¢
Laser nitriding is one of tlee hmomruiemd dnievod e mtf s u
surface p[ex8]o,r mMath&cieng &ametsalpr oicnerrsasdiecatiesd by suff
energynitrogen contasieni mg tatmosamgheres.ults in the
(Ti N) I ayer on t heentheanacle ss utrhfea cseur fTahcies plraoypeerr t i e ¢
resistance to bpB.Ah]Howapwerbbemaandsweanted with | &
is the appearance of cracks on the surface whicl
failumMdese cracks often arise due to rapid ther
nitrprdomegsseating stregs[s3.Twhe hfionr mahtei ofn  onfatcerra cak s
of Ti materials is primarily attributed to the |



ing process. As320ubhkereedrbyt Wwol mbemgregt mak
al stress | eads to crack formation. The f
e residuabr istttrlees sleasydrn. tSuec hs esmir esdes can
, wWhich typically develop perpendicular tc
ence of <critically high compressive stres
ant to note Dhathebe spatisalksdwst hibut henn
n determining the I|ikelihood and nature of
8Bhdi cates the impact of tensile stress withi
mation. When the tensile stress surpasses the
in to emerge. Il n cpmdgearstt ,i rn hteh & oTip rseusbssi tvrea tset
ce to the tensile stress in the nitrided | a
mation, the differenti al in stress thyspesataend
induce instability at their interface. It i
pressive stress in the Ti substrate that infl
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T6A4Y is a titanium all oy widely employed across
and automoti ve, owing to its exceptional combin
superior cor[r3ods]icted erce sbidshtVvaoff odl i t he | aser nitridin
n its prevalence in applications where a balanc
ar amabit, Th[e36uyr gency of addre$&dVgsor bpgert aoarimat i
aser nist uindliemgcored by the critical application
n aerospace engineering, the storAdd/t usalparmmeagmni
nsuring the safet[y3.7alnd reliability of aircraft

o ——5 —

Howe,vesriogni ficant effort has been made iom the r
aser TiaAdMdedLggo bridge this gap, the present s
based crack recognition process for |l aser nitrid

I n t hjssatstehaalifita b o reagtud rpyabse en t ws e r fF aser tdifiet rTidi ng
6 A4 Vg nfdahri gh r e snatgeet I eat i on. Convo(l WNBA podn ailt sn eduirfafle
vari antthse hamgeét ise chg trardofremilnaarnybet lessn ftiltatad oa
and no crRwrkt hemangpesr ati ve anail ghtas e o &dne@ebpN eidnnsdi gi htt
on he accur aocfy tahned. aspppereoda c h

Compared to ekéesmang sebent t fwioaitlacso nftorlilbouvisi:on o f

T Deevl opment ofglmoamsi styemi ktyikied s uarcfcaucreast,e scpreac
detection

T Robust binary classification nlei@ Md/d to recogr

T Devel opment oaf c qlueé tsti @ riperiromceegsed d mrgi ques f or C 0 mj
ni tdiinhey e s

T Comparati ve Ca\sNs easnsdmeintts owvitalhrel aboddset! t 6 oseksect ac
recognition with best possible accuracy.

Further mor e, the npapesrecitd ome iRdhagrzad bri ef over
met hodol ogy, dat aprrcod ¢ Sxd tigen adindrtt magect ure des
the transf eruslésdartnh en gc rmaadigdlers ef coor gmaintcieo e.salct atbinon
4dpresents and di sculsns essédcttthieadne® cioaceé dsi esns| asnd r e
for future i mprovement are provided



20ver wifew he methodol ogy

To perform the cDlagca&kt a ehcaosg nbieteino nc aulsliencgt ed and p
as shown in Fig 1.

Image Settings
Magnification, Brightness, Contrast

, Vertical resolution, lateral resolution

Experimentation

Image Labeling

Form removal
Conversion to 2D
Gray scale conversion
Patchifying

Cleaning

Image augmentation

Data Acquisition Image Pre-Processing

20% Validation and

Crack(Positive)

20%test

1

: Input image Models training :
! Comparative :
: CNN Assessments of Models '
: Resnet-50 > 1
. VGG-16 , :
' VGG-19 No-Crack(Negative) * .
1 Densenet :
1

. GooglLeNet :
! 60% Training, Best Proposed Model .
! I
! 1
! ]

Fi guOwer view of the methodol ogy

I n the firshaerstt aeggeu,i psnieantte hoafs been cwsdd ntgo ppeorcfe
on the material, which has beences s ha fgdeesnot| hurtoi uognh
i mageoddaahbautmesOnmagontihdacsari onthrdskted < aicprloestse c
rangnei torfaerdearnggy | evel s. Phper dodagsceday ar it rsdfdod ennma g e
readabl e by algorithms, and i s crhedatheddv attos arnet nso v
i ncl Re s Bt, Dethz&mMN@oog!l €l Neeption V3) aaver brefere
| earni n@ daop prreccaocghni ze t he presence of cracks. The
wi adhat a division ofe6p@wct RtOIRE gandd Br@deeys e model s h
cal cul analdysipcdgnf usi anetmadtcrsi of precision, recall

2. Matepiaparaexparifment ati on

The material empllioAded awdmtybvs dsetdully American el
form havi ng dmmxe2n5sOi nonixs2Thoni p 2sBaPnaprboeel alseer ni t ri di ng



spark cutting vEhescbiesrcthoaMagei bn quisiigh)g t o cut t he mat
smal |l erlZ5m@BG&mmido | mprove the surf godieglhalnigt yan
grinding was spér fcommedsCabidtdepegisny2 GFgrdi®0O0t ogr i t .
Subsequently, the polished samples were meticulo
ultrasonic water bath containing acetone for 10
rinsed with deionized watserr @aanhd adirriced t horoughly

2. Experimentation

Thleaser nitriding ptrhpeoé s shwds apedr € baSard @ RdDDa Mp | «
fiber | asar omaaohiane wi.tThel explerganenpat gisegup of
procelssemashown in Fig 2

Laser beam

Start End
T, — Focusing sl 4
lens
4
y
Laser I
Nozzle == M X

100um

Meandered scan with
Titanium bilateral movement of

alloy(substrate 100um in x direction
Smallest to highest energy levels

Fi gRBExperi mentati on3®]f | aser nitriding

Theéaser machine whstwbe cdhipenge aslyassteerni® r iBevl |,

Gel der |l and, tamed f NH tahseerr| aAsayissthegm 1064 nmvhichwawsel
manufactSsiPliedalbers UK Ltd. (Sout ifhida m@tsen, marmhp s
wo rnkgi biot h conti nuous wave (CW) and modul ated mod
kHz and modul ategssThel specliéss taamer5processing
based on a series of preliminary experiments. Th
(DC) ranging from 40% to 100%,oflfasgdirstszmaeai NYD)s p
(referring to the distance bet)wemd ghag!| wseh par
gas at a pressure of 6 bar, whidhewazal dal atede d a
size at the SD of 1. &m.mm nwatsh ea plparsoexri nmitterliyd iln0g0 e
parameter was V @prairadnetwhisl ¢ etmtad netdheronst ant .

The duty cycle (DC) is defined as the ratio of
context of these experiments, a DC of 40% indicasa
tot al ti me, whil e a DC of 100% corresponds to co

continuomllkd ys ONpll &ls edwlealkC4 0, DC6 O, DC8O0, and DC:
nitriding at DC values of 40%ni 6 0athpeeadsO %,n atnhde 1sOa(



measured 10 I 10 mm|J], encompassing approximately
condition was repeated six times.

2.13madet®aqui sition

As the probabgdr e atyehithgehcersatc kesn Batrgey 0O Cmwne tbhdke | ogi c a
expect edthatate btehwvees¢ér gy DE¥¥ @] tpheo@aet®me were consi
for i mage drFaitga 3c oelllachopti aoynmg) et demt a acqui sition pr

Selected squares for
image collection

AREA AREA AREA
7 8 9

AREA 10

Division of each nitriding square
in to 11 areas for image collection.

Fi gBlrmage Data A

The image data has been EKomddxecGed wso0 aigdiAba tae n
measurepteinaalt rument BasédatoonFoptuscalarteash nwoelroceg
captured at DC 40 a8d TWC gle0 ha sg hs hrceveroelxuitradoiqng i ma ¢
i mage field datasets were cdhiesctagppoosiderdl atbe >
magni ficationX.Mpasor emeprt @weer&ed doifvildoe dmm nt o 11

fields and 396 million surface datpprpeEirmntas ewe ma ¢
any cr ascekvser al arrangements wasedtfrmuisednehor tex ge:
combination. About 25 high resodquafoet h ensaeg elsl weerre

a singl e nPAttoroi&0e0 shgiugalhr erres ol ut i @m xednsg esololf e Gtld d
DC40 and DC100 energy | evels.
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2. 1dmaBegrocessing

The i mageprleaypye olhesradsespr esedltredt Hen ffimeggesst ac
have been pre processed usingFdr 6t pkrdablfillpmahgee s s
| aserdsnuirttraicdeeb e e NnAscd paduapetded model s @mMtCNNI elsd Wge ¢
to wor k wi,t hawdDk i mg gwist h 2D i magerse urealu oreaedtew cdhrek c¢
and computati onalusoiterisg8de ¢ evsrg essugrufi aaceed pfruarftihleers c on
i n tcool20umaedlens t he bnaecxktg rsaverpd noi se of t hteesremeé dnag e
as form rAksmoshowmrster &dlgs are not di scernible

highlighting the height <cont rsaos ti noafg efsei anguorae/sc oinnv
scale images which show the c¢cl!ear cracked | ines.

© OKELIGWpP1 @ OKOXVCHHGZ © OLH6GHjjL4

.
© 00zTnD46nr ) 0P4C2FhuWb © 0pAFyag1JC © 0peC90V5F3

) ORYXVSWWKC @ OsfcOrvafS © 0smfNIOiPa © 0SmrOufkn2

Form Removal Images(512x512)

Fi gdlrmaRreer ocessing

The size of amagbees whns iwhe cthepreatkgees it di fficuldtt

these i mages. so these images were further patec
second step of the image pre processing has beel
Cropnpg the images in to smaller sizes did not al

Soi mage of size 5117x3491 was patchified into 265
data set size to almost 3I@@@&dsfedr wasackeaniemados .
t hbeoundary Il ine containing both the nitride surf
analyser spots where it could not take measur eme



3 Model Architecture

3 .CINN

Like other neur al net work model s, CNNs wutilize
to |l earn hierarchical representations. These | ay
recei viemadantea has i ni ti al |l ayer, while the output
classifying betwaekscr 8ekweandthese | ayers, ther

the input's feature cptecde?]to align with the desi

. Global
Inputsize  Convolution Maxpooling Convolution  nNaypooling  average
(128x128) @16(3x3) (2x2) @32(3x3) (2x2) pooling
Crack
— @ Sigmoid
. :
No crack

Dense

Classification

Feature Extraction

Fi gb€BRN Architecture

_The stClNnNdarrcchi tecture adopted fosr thisesonsebetasct

component s, convolutional | ay eCrr,acgko ofleiantgu rleasy earr e:
using the convolutional and pooling |l ayers. The
to recognize thel6prkesenredes ofr driddkes.s tinfe dizes3
convolution |l ayer and 32 kernel s"cow ofl iult tifonrs | afy es

the convolutiioncHayen , aRetltibe Actgheatcempucaeniogn
Aft ecomnwnol awtehpepolliaryger ti e @pedfedr mok b s beexgttruancet e d

by dadrevolutional | ayer .lamdt haicra >m@u aeddl, itnhgr ohuagsh bReeeln
abibfty asgenccoen vabmuds Max spool i ng iEgunaégp2oes ewhteerde iR
receptive field reprtelsenitn mgt @ ihrmeahdoens adtnhder @l ue «
l ocation (m,n) [2nl]Jt he receptive field

o i Ag Oy (R

The classification | ayer consists of Global ave
this study, gl obal average pooling |l ayer (GAP)
similar ki28]of ABOOdd,j eGl obal average pooling den

of the used dense |l ayer is to map the |l earned fe
the final stage of feature extr aadtiaocn iaoad iosp @Fiur
used for binary classification, which shows the



3. T2 ansfer Moaa&d rsi ng

I n this research work, five pDeen stér@aditn eldn cCeNoN inoonc
and ReGnehave been used through transfer | earnin
on | mageNedtO]Jdat a set

jios

Initial Layers of PretrainLd models (Variants of CNN)
Frozen layers

Fig@Treansfer Learning Architectur

Replaced layers

Input Image

Addition of custom
| classification layers on

top of base layers

VGGEL Y Vi sual Geometry Wirdealpy nlenovwnmr KENN architectt
Simonydnsaprdmamagé or e c ofjgdnli |tDivaemo g toasik;m number of | a
net wor KK, 9a¥€&@onsprraaftiecdi ency i n hanldlei Mg rcsamplievxe fb
t he ar chhaivtee cbteuerne f oecaucste dh If @ ank WDV [SxBenfdi lat enra x

pooling | ayeAt afhoeR xebhhdé | at ¢gd Pb al lavyeeragefhpdsb2 i ngi
been used. Fotri thhilgaatgenheleasiayfer cahraevep é&dt iavnal yL. un

VGGL6The architect-l6 eomlfy tdief f3 B8 G&Gi nf rtoenmr MG Go f nu
convolutional |l ayers in each block. The first tw
|l ayer obTB®ofoil lut @irobncalll owaeyde rby max posalti ndel anar
of eacBhRobl ol &swoi fdiechastei ddnayter s of 64 .units and 21lur

GoogLeMet he same yegqgrh2]nh8z edatdwedhamtphagler s deep CN
GooglL,e Netthwabesitnnge € mabto kknihe i mage net | arge scal e
(Il LSMRC)2014

ResM Wwas devel oppd3blyt sHeureitquaedd architectoeed of s
its a,ccwirdsdltsyonabl e ¢ AAnv drhgee n(clel SrvaBt€ed se.tmet §ed Ras Nt h
net wor k Goammog Obhjeects in CohhexdaddpELtO€d) madall |iem

uses 7x7 initial convolution | ayers ta éaxatrcact
nor malization and RelLU activation. After that a
Akey partbhofaRestNRe resi dual Dbl ocks which cont ai
normalization BaAfit®&eLtUhact &8 a teuraalg eb I poocokl si,n gg liosb ac

average out the f eatuwmriet nfawplsl.y Adadsrende dftltoead blaanysdrrry g I
maki ng.

Denselv#¥Muang [dd¢talk]l opedséeéhy lapensecdedpNe®@MNN chens e
st andas diue whears psaarl aonmegt ewaittunr e pr opagatlinont hainsd nfoedaet

the initial convolutional |l ayers are followed by
|l ayer s. Within the dense bl ocks, the transition
bl ocks, gl obalampleireadg et @ ooXtimagcti st he feature map



wi t h one uni t i s foll owed Amonag gsihgmodidf fa&cteiny a
ar c hi {DeecntsuetNeekst, Delr6De NeDtel r2stghdidstuudsye d D el2sle Ne t

Thesevef pre tmoadiedé&édl OCNN &G Delnstemeoeg | &M t ReG)n et
have been used asibhhehisdthikeuaebyaesret rlaacyteorrss ar e f

classification | ayers are added on top of the b
surface are provided to the cl assiMaddelts oshi Z e,y ed
and paramet efravll.@re given in

Net wor k Si ze DEBE@ttPlar ameTreaisnabl e |

vGd 9 19 574 MB 20, 057,28132, 897

vVGda 6 533 MB 1164, 747, 58532, 897
Densle2nit 21 33 MB 7,103,169 65, 665
GooglLeNR&t 40 MB 22, 065,18%62, 401
Res Mt 50 1 6MB 23, 718, 9131, 201

TabllModel s Specifications

3.BE3xperimental Setup and Assessment Criteria

After i mage preprocessing, |leerdgti agetdowmas nmexipe
and cr ac kcerda caknedd nioomages were systematically orga
for-cmamcmked and 1 for cracked i mages, for precis
proclklhsesse i mages were further augmented to incr
combination of rotation, flipping, scaling, zoom

set. As the pr abhahbeiiltidaye D@40 dn)da dloFLOe0 number o
no cr ackwas ilmawdimau mbharr accfk e d i ma bdeast aa nmdsth dlwesans e d .
The total number of i mages after augmentation w
c ondgrteisopne cTthievelnjages were further divided in to
20% for testing.

Descriptor NeCr a

Tot al Number of i mages

|l mages for training(60% of tota

|l mages for validation(20% of to
| ma g etse sftoirn g (20%1 828t ot al i
| mage size 128x128X2ZB8 xx13

Tab2Deat aset Generati on

The process of binary classification of the <co
mo d e lasi\ loine n W &ree I1xt-eW@Cdowews np.AGEPU of NVI DI A GeF.
RTX 4080 withRaln2 w@B DubsRe6d t o accel eratdasher mod
cal cul adadcoensss t he perfor manc et hoef diebfeencbtuss,a 0§ mhh B i
usedwihpirowi des the compari sorl| afs stetse iodhafy®w&EDp i aarpdi tt

!



evaluate the accuracy of the gnodrel matdr if (. 8FPBmue tpE
the number of pmediantced( BROaopexsittd iyv B srugp olde g atviev e |
(TN) the inusnb&amce®d t hat are cObelecrntdhnee gateadv &€t @lda @
Here Cracked i mages have beenclded iinmag eass hadiwe ploes
as the neTlghad ifveel scdFapefsd i ¢ & tv erdu rhiea re d thead@etdu ailma g e s
turned owuaciknadgliegnse. f al s € Fhilgngdaitciavteess t h a ci kneadgheesr o f
incorrect ! yn oporreadcikoeadgilehse@a s f usi on matri x shows the
report spetrbfrooumgam c & cmeatarciygs pofeci si on, Recall and

The term Aceoursavdetr ex lelp r peesrhiem d enla nic e hiew mbnesro od fe c t
predictitdtest @lut ntwdsbtee Eqfuati on 3

| AROOAAG— (3)

Preaxn ss howsrirtehcgir pd s ictasskees from all the positive
it wi hlows hoafw ytrhegedeac er repice diyotcod cikmeadp ettt hteot al
numberr ucef posi ti ve nmangde Bfgaulag e omo i t i ve

0 OAAE GEHH (4)
Recalal c inloavt ensatnhpec b i al ( p o sictka@)ehsepreedi cted corr ect
t htermesi t it Wter uaen dn e g,a t B qvuea tciaosne s5
2AAA+H— (5)

F1 scor emoins ct me amarof preci proviaded tdealmut ual
recall

4 Resul tD3 sazmud si on

The formation of c¢cracks during | aser nitriding
accumul ati on, t hermal cycling effects, melt po
depth of the nitri deadpliayero,l iddartdroiatsieanngdgavwdidio nain
regions.

Firstly, in continuous wave (CW nmdocd00asdirmsg p
to an i mmediate temperature increase and subsequ
can introduce thermal stresses in materials, pot
| asers work i nterrmiatltse mtelryi,odalcl ccwiodg nngatper i ods,
Secondl vy, using modul ated mode, especially with
introduces thermal c¢cycling. This periodic heatin
and mitigate residual sttressleiskéehi hdbednot redadk |
cooling characteristic of CW mode can result in
surpasses the yield strength of the material, it
heating can facilitate stress relladx6at,i ofM7]decr ea
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nitri-6dfeddv Thhave been analysed using testing and \
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model s have been optimized by fine tuning thei
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showed | ower95&€ canrda Qi2eé%s refspecti vel y.
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of thei mmogelit is important to note that -Im®,del s \
vVGa 6and Deh28&Nkhave better validation and testing
GoogLeNet -a0dwReBNmbre trainable parameters have
I n comparison the bBagei mbdahabfi CdNpavi amet er s pe
better th& tBhagRddMedetpit.FomVBHhi s data set, the ne
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suitable for simpler networks with | ess trainabl
Network Precision Recall F1 Score Support Accuracy  Testing Time
CNN Crack 0.97 0.98 0.97 1328
No-Crack 0.97 0.96 0.96 1740 0.97 11145ms
VGG19 Crack 0.99 0.99 0.99 1328
No-Crack 0.99 0.99 0.99 1740 0.99 12300ms
Resnet-50 Crack 0.91 0.93 0.92 1328
No-Crack 0.93 0.94 0.94 1740 0.93 12482ms
VGG16 Crack 0.99 0.99 0.99 1328
No-Crack 0.99 0.99 0.99 1740 0.99 13696ms
Googlenet Crack 0.96 0.93 0.94 1328
No-Crack 0.95 0.97 0.96 1740 0.95 13828ms
Densenet Crack 0.98 0.99 0.98 1328
No-Crack 0.98 0.97 0.98 1740 0.98 14250ms
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The esoohuanlad mgtxheel B si fi cation repwenbalkascaédsdane
did not infltuenktec drhet bhpppabssdednt Asodel s are desi gne
cracks, Sso precision ifAsmotnhget tnadagote ced esc i VA Grle6 , p avr &G
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