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A5799U RGB (Red, Green, Blue) Wilansaadudvesaannitvang ol suvsinnaun antduds

Joyad RGB ludinauiawesiiowvatdudayadlussuy CMYK
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fniindunuu “oavldn” (Offset) n3o “wanla” (Flexo) Tnalumasanaialasunisilindeye
foyanmaainsemdndiuau 2,000 nw uazaainuanledauau 2,000 nw eilnlunalata
ué whluadauuneufinaesdnedesilimunuiniasianaintvidn mnesranuinduaan
Uszlom “oavidn” szuvazrdmgameviniuvesaiosiineain uwimnnsawuiiduaain “wan

19” 1A3D99E89AINUABLIDY

nuan1svaaesluieslifinisuanaliiinu luma YOLOVS AN un1sinaiuise
Fuundoyad CMYK vasaanidmunglaegrsusiugi Ingdaaiiuusdiug (Precision) og

94.1% WazAnN33¢aN (Recall) 8¢l 92% WeiUTeuiisudulunadu 9 (Wu YOLOVS, Faster R-



CNN, R-FCN uag SSD) wud1 YOLOVS Tianauusiuggeanuagldinalunisussuianaiae
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ABSTRACT

In-order to monitor customers’ usage of a rental labeling machine in real time, this
thesis presents an engineering technique for detecting and classifying cyan, magenta,
yellow, and key (black) CMYK color labels during the labeling process. A red, green, and
blue (RGB) sensor-is installed to detect the color of an interested label (called a target) at
the specified area. Its output is sent to a personal computer to convert from RGB to CMYK
color data. YOLOVS is applied for classifying the CMYK color data of each target to identify
the printing type, which is either ‘Offset’ or ‘Fexlo’. The YOLOV8 model was trained by a
dataset of 2,000 images of ‘Offset’ labels and 2,000 images of ‘Fexlo’ labels. The well-
trained YOLOV8 model is then installed on-another personal computer used for
controlling a rental labeling machine. If the ‘Offset’ label is detected, the labeling machine
will be stopped. On the other hand, if the ‘Fexlo’ label is detected, the labeling machine
will be continuously running. Experimental results at the testing lab show that using the
trained YOLOV8 model can classify the target’s CMYK data with a precision of 94.1% and

a recall of 92%. Compared with other models (including YOLOVS5, Faster R-CNN, R-FCN,

1901



SSD), it is confirmed that the YOLOV8 provides the maximum precision and the shortest
processing time. However, the precision and recall values of label classifications at the
customer’s site drop to 88% and 86%, respectively, because of uncontrolled ambient

light conditions
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1.1 anudunuazanudidgasslym

lugnamnssunisfiamiaain (Label Printing) ladin1slviuimswinasesdnsussnniaies

a «

fnaann (Labeling Machine) @udulinagshafigléauaimasanaiaslalaglifidlddns win

RV
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¥ = ¥ a
dldudenldaiuadnines

v A

fmielasuiddivonnios egslafinom Jyminulutiagtude
dehueneidenifauaainainuigniu Suindsiatganit diwansenudessuuAnauinng ¥
Tiuisvliangydeeliuazfesiuiinvouquatigsineiaies InefinisBnusomsduriusiu
Fruumsdeainines

nideiaueuuInInTaiuAdeRNesrinAn3 CMYK uazn13fauEndae YOLOVS
Wialfina1aninsalumsasadevaa nkuusalusiEluaentsuan lagsjadudinissuunay
LANANITEMINgRAINTIRaFE T UU OFFSET hay FLEXO ’umsiinsigyiyuiinsivesdlussuy

CMYK 1ndudglglutna YOLOVS Tun1ses399usazatwunyseianaainkuuisealni wiay

MUANNIYNNUIBNATEHILSEUY PLC way GUI Tdlaesalusi® [1112)(3]4)
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U 11 wanslunagsiavesrdnuasdigniasinaainduuidunssuiunsudnannnes
N - 1 = & @ A % ' I
aanINlsanunilinTaafian Flexo w3e Offset Fuluunawmdnaainamunings auaradunm
« a Y 1 i & 4 vV oa v a v L4 a MY a
vouAsasinaanuuulAdildaandhuiuduaiate mngnAldaanitldlandnainlssany

WTD4ATEY EAIHANTENUADTINIYNAT A I8 LATDIUTEN

1.2 InUszaenAvaInIsIvY

dnauamaiiamaimnssilofauenaaind CMYK Cyan (fheuidien), Magenta (unsey
1129), Yellow (d09), wa¥ Key (#1). fIiRuN1197101A5 09K UY Fexlo waz 1A3asfiuiLuy
Offset Ingamadumesueiminaniuuaznsfnuendae YOLOVS dmiugsianslridiieios

fnaaind CMYK

1.3  92UlAv8INIsAY
1 #¥950Un5294ud RGB vesteganimaan nazutaniud cMYK fislesmidaaniy
2. 14 voLove Tunsdnuendeyanind CMYK sgosaudaaniul tileduunaanniiiu
nnneFesTisiluy Offset ¥io LUY Fexlo
3. Wuamssuunudavssamnlunisaugunisinauveanissinaain lnefiesesin

28MNALYNUTNALUY Fexlo kazasngninaudlaiuiiuy Offset

LUSTER iz

5UN 1.2 IaseainesyuunsiaaIeiineain



UM 1.2 uandlassaiieszuunsvdeuaanluaienisngn Inglindesanavinssunay
WULDSLENTINTUYLRLNRAINLUY Real-time MnasIanudaRanain yuiuiligndes ssuy

yaadyauneanIeIenlulia

sUTl 1.3 Ms9ha1uYee YOLOVS m539duss CMYK

JUN 1.3 uaassiiagnmsvinnueealiieg YOLOVS lumsduunaainmudnyazyuiun
YoIdE CMYK lnunasausenauvessdasuiduasyunisined wu Cyan, Magenta, Yellow

wag Key (Black) tiauenaannusean Flexo fu Offset lapeneiaiugn

1.4 Fmsautiuaulasduud
1. iudayanmainaainsuatulagaanannsliuasy
2. wasnIw RGB LU CMYK iflolinsessfinivesusidusagzaes
3. AATILRANULANAIIVOSTEUU OFFSET Wag FLEXO
4. Anluina YOLOVS iflonsaadusimisnag sunuusu s
5. WeurosrUURU GUI uwag PLC WU VBINET uag MX Component LiloAuA
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1.5 U831NAUBINNTIVY
1. szuuyhaulaiuaaniiuiamessuy CMYK Wuugaansuiyinuu
2. luma YOLOVS daslddayanvainnanguaziiugg

3. sruuiladeativunndn ldnsenunisviau wagdldiasedldanunsadunaiiule

1.6 wWanaInI1azlasu
1. vinenusiulalumsauaenisldauiaSesdnsnuday s
2. aAN51IRaINNANLUBNLN IR ATaNNAY

3. WigAaLsamsmuANdaluliRlusyuy Smart Labeling Machine

1.7 dgrmdnwiiiawieg

« OFFSET: szvumsiaidildiwavegiides wond uazdshuninainszmuruiauens
(Rubber Blanket)

<FLEXO: suunsnusidilfinavens saaudangu fusivuianvainale wu #du
WAERN

« CMYK: syuuanidlusufiun Jssnauaae Cyan, Magenta, Yellow wag Black

« YOLOVS: Lumadinsnsiaansuuseabnid lodmsunsaaduinguasitwuntssianlu
AN

» PLC: S2UUAUANMSYINTUYRLASEI NS lugna1vn T Ty

1.8 1As9a51919959897U
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CMYK wmata OFFSET/FLEXO wag YOLOVS
= ad o A a v a I <3 ~ v
« Un# 3 35a1fun1539y efureduneumsinuteya Usvanana wagnsWewsiaiu PLC
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LONAITLAZIIUISNLNSIVDY

2.1 SszUUdRaAIsNUN

5¥UUE CMYK (Cyan, Magenta, Yellow, Black) LﬂummgmﬁiﬂumuﬁmﬁmuLLsm?q R
LANAINDINTLUY RGB (Red, Green, Blue) filtdmiugunsaianinauunings CMYK #1150
nanAuLTanfiuu Wy nazauudenanadin ieadaandine 9 Wfedamnzanfunsfiu
aandua [1]12]

TunsguunMsRiaiuuy OFFSET uag FLEXO n311suvesdadunasdiinastesuinse
ANUANTALATN1TANAIY moiré Tng OFFSET Tuamsgiu @ C: 15°, M: 75° Y: 0°, K: 45°
dru FLEXO fimsusunulvivmanidssnmsiudeutiugnnas anilox iy € 7.5% M: 67.5°, V: 82.5°,
K: 37.5° [1][2]

wandliiiugn msteszidnuazrosuiaaunsalfduladslunsduuntssamnig
fufls uazamnsoinnlilununsinasuaainisssvudeludf lnsanilehufivimaianis
Uszaianan nuaznsiuasdndann RGB — CMYK

N15WUA9RIN RGB TUE CMYK ansnsalignsuinsg v wu K = 1 - maxR, G, B); C = (1
SR-KAL- KM = (1-G = KAL =K, Y = (1 - BU< KAL -K) G?’iqsdaalﬁaﬂmsaﬁwuamagmaﬂ§u
LAZILATIEVAN vgTa s URNNIARE1wiuE [3][4]

Pndefifeadedulsamalye wudh euidedudngiunisuszuananmluay
goamnssn widslifioulaiiiusdnFessiuiilinsadevusinnvenainBesmlulii 3
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09, UUYAUTIVDIUINYRUUY
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RGB

CMYK

Uil 2.1 2988d RGB vs CMYK

SUN 2.1 uanudSeuifieusewinessuud RGB. way CMYK 1deaudeduszuu RGB

1Y

o1 [3]

(Red, Green; Blue) ddldluaunsniuanma W sen1m Wsvied viondoe dauidoiiuyiniu
5¥UU CMYK (Cyan, Magenta, Yellow, Key/Black) @slilunseuiunsiian iy Flexo ua Offset

maulasain RGB = CMYK Wuduneudifgluniswiendeyanimdmsulinsgyiyufianly

Offset Anitox Flexo -7,5°
90" S ) =
758" (24 82,5
.. | 951 ¢, .67,5'
..... » I\ ..‘.
» & g @ 5 / 60%= ..'.
ref  o%% Mol Jo @ 375
10, ;99%® Jo. 0%
‘.' ) .'. , 9, 0 ..
..r ’l..' @, "..'.
® (i .‘O 15° l.."
@ o© e = o0 cwo® 7.5°
1o 0@ =" ’,* s00000°
La® L'we0®®2 ca0®

Ul 2.2 maSeuiisuguaniuves CMYK [2)



U 2.2 wansmnsaSeuifieusufinsiveausid CMYK szminsszuunsiant Offset uag
Flexo lag Offset Tenyusnsgiu wu C: 15°, M: 75°, Y: 90°, K: 45° du Flexo din1susuyulv
U WU C: 7.5° M: 67.5°, Y: 82.5°, K: 37.5° Litondinidsanediou (Moiré Pattern)

anuuanasiigninanldiduiveindnlunsduunUssavaainiiunsguiuns

Usgananannwazluma YOLOVS [21[31415]

2.2 szuun1suUasd RGB — CMYK

seuud RGB (Red, Green, Blue) Lﬂuizuuﬁﬁiﬁﬁqmiuqﬂﬂiaiuamwa WU NABIRINA,
wiheeneufiumed  wazwuwesn il | floseindussuuiianansowansdlaenisidauas
(Additive Color Model) wsflunisfisnianintiu d1dusisivasioyaan ReB Tugszuu CMYK

wlusguvdnladmsuauiiud (Subtractive Color Model) tiglianunsaniuauiandfiiuwuy

2.

[ a

anasalantagneies
nsLUaIA1daIN RGB WU CMYK @a9pnunszuIunIsAuluazn1saanisa nevluly

gRTUINTFIU LDU:

K=1-max(R, G, B (1)
C=(1-R-K/1:=K) 2)
M=(1-G=-K/(1-K) (3)
Y=(1-B-K/(1-K) (4)

gl R, G} B' Aerfilsanmsusuanuduves RGB Tieglurie 0 & 1 wielvianunse

AIUlAMUTILAAYDITEUURLNDT I

¥
Y

yonanddiaudisalys  ICC © Profite Tunisdmanisenaiialilanadnsnasnadasny

WNIPINRAAMNTIY  Inslamsllosruuneias Taalnuwand iy n1sldn1sdnn1sdn

[

= & a o
wisnzaudaludsddgy

Tunsuszanananmdmsunuideatull aw RGB nnaes Basler axgnuUaadu
doyga CMYK ialilunisiesizigunsiind lnedsudindnusingegluninaainase dadu

ﬁu%’miumiiwﬂizmmmiﬂmﬂ FLEXO %38 OFFSET

&9 9



Grayvoele Magenta
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RGB OMYK

5U#-2.3 F798799n13uUae RGB —> CMYK Uagnsalas ey ium

SUT 2.3 uanensilSeuineudsniiavesseuy RGB wag CMYK tieuanidunaunisulas
Auazhwinamsiesed dudeludsold RGB adldlundesuasuthae In1siardlnefiin
R, G, B surnuaasusgivesssuy CMYK galdluauiiun ngduald Cyan, Magenta, Yellow

uay Black Wuunurantunsiasigst msudasninann RGB — CMYK Wazn1saemyiAn1aves

Y

wiElusyuy CMYK dllunuwmdrdaylunisiiasneiyuaniuluauideil [3)

2.3 Ugmmaztadninlunszuaun1snun

WidTsuunSRUNKUY CMYK vialusuuuu OFFSET uay FLEXO aglinuudugiuag

Usgansnmgd windanalidednfinfionvdmanenmnimueaain waslualassadenisnsiaasy
ANNYNABIVBIRAINLAL TN LULR
wildludgymdrAgyfo n1suinans "moiré pattern” FuANIINNITNYURLTVO Il AFUA
a Y] ay 0§ ¥ a = ) & a =
azdludnwagildmnigay viliiAnarnaesumunseauligiiaovuiiuiivewain 49913
MlnszuuUszanananmuenuezanatslagin

LY

wonNUFlivedrinninertoiuian s

Y

w1y wanafinvIenseaundialiunse
ne1uiiull en1adawadanisgaduduazalnuaudaveinin liinauaaiaindouly

AsEUIUNITWUAIE1N RGB Tuidlu CMYK



10

TunsflreesEUU FLEXO NMSATUANAINVUNTaIMIINLAZEIINARINGNNAT anilox dnasie
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A101509ANSAUANUARIALAABUNINIENN Lava Nkl sHuvesdlusyauTimnyan fadu

ANMUMIMIENANVBINTTITEIUUSUNT

Magenta

150° 4 Y

3UN 2.4 §R9E 19818 moiré kagANNANaIARINNTRUHATY

S a

SUN 2.4 uanswegiaiedeu (moire) uazderanainviinannisasyuuilivangas

TuszuuRunwuy CMYK nansudieundansiianiey asdnansuwldnldanysvualmmunzay vinle

Y F
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2.4 walulad Machine Learning §1%15UN15A52280UAN
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1 | Av v a oA & < ¥
ToUNNIBINgudawiunInuysdIsueuiuls
nidlumedanlasuanuiisufe Convolutional Neural Network (CNN) @adulaseting
P a

Uszamileudiedn NleanuansalunisSeusnuanuue (features) 1N mlaednludd wag

ansatldduundssnnvesinguieaainlaagnauiue

=

dmiuaided Ifdonldlaina YOLOVS (You Only Look Once uil 8) Gafumililu
Twna NN flanansonsiaduinguuy Realtime TnpanansaUszIIanan LAz Uiitve
Tglunmliegarmiuesiiiug YOLOVS lasunisusudgsanguneuniiluvaisd  wu
ALY (Lightweight), AaLsiug (Accuracy), asse3sunis deploy uugunsal Edge Wu
Jetson %58 Raspberry. Pi

lngandnenssuves YOLOVS  Usenaugae  Backbone dmsusamdnuay, Neck
AMSUTILLAZYENY feature maps, War Head d1v§unIsAInAzL bounding box way class @9
FavmmananseinlFuuy End-to-End 9ngadoyafifinis Annotate agraivawas

dlonans YOLOVS hiusyuuyszanana RGB = CMYK finanliluidenesunii
szuupsIRaevaanfildezantisannasulayiinszinnigndesvessNiisniluaainlsoisney

QANNLATD M L ULR

Conv
b

Conw
b NP

.....

<<<<<<

Detect

Detect

Backbone Head

Uil 2.5 andmenssuves YOLOVS Mldlunuidey
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Ut 25 uansantnonssuneluvestuna YoLOvs lilunuddelasutseeniiu 3
a@runan oA Backbone, Neck whag Head

Backbone vhuthiinefiwesainnmaainiiulassie Convolution waz C2f Layers

GREEELAY

Neck ¥n1s5iuilaesuas Unsampled iousuaualiminziunisnsandu

Head LHudwilvimihfinsiaduing wazdseenuadwsnmsdiuun (Bounding Box +

Class Label) w¥oudanusiula anilmsnssuigriindeusedeya CMYK fiuvasuds

dieldsuunuseanaann Offset uay Flexo leaghaisiuguarsinga [314] [5]06]

2.5 s¥uUMsEEuSUaAIes (Machine Learning) fildlunsasaaduaunum

<

SEUUN5LE8UFU09ATRY (Machine Learning) WuiladAglunisngiaduauiiunly

'
(2 I LY a 6

spuudnlud® lnglanigegedalonafnaniunninnugudou Wy anatenlanvuzyniun

q

YUIALEN WITDNITINIAFRUY Half-tone Falyatansousniesaieis Threshold wuusathle
28719 ug N1sunalulag Convolutional Neural Networks (CNN) &i11193891 9S8 U U
A1 0FHUTANYULLANIZVBIN TNRUN UHLUENKIZAINLANG1ITENTNANNYNABILAY

Ranaln laaeglugwaran Ll

v
av A

TuanAded ladsyandld YOLOVS @udulasatnenisiseuifiiuuiseaain YOLO Juneu

[

lneiin1siiiuyd seansnlunimesiadudngluseAuinsunaduad (FPS) Nigeluiazseeiuainy

ee

ALLDUAVDININAUINTY YOLOVS iHnzauiun1steulussuuns1adumuy Real-time 7999015

)=

USEUIaHANTNA INNADIGAAMNTTUAMNTIGY WS oUTZUAUNUIVDIARANA AT UL HYILT

LY

TolaIauvesnsly YOLOVS laun laseadaiisinis nsedu wavaunsausuusaieln
Wfiugadeyavunaants danuganfivdnuasredayamuiuiifonsnsIRdeuRNILUNgn
A ¢ oA ) S Ao

WIDUNUTZANYRRAIN WU yugaiuivsornuaiiaueveding visldaaunsalnlumasoudu

AMITINRNURLTIYRIgNAT WieliuaLuiug luanmwinaeauaselaaneig
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2.6 T¥UU GUI u,azmsmquhu PLC

luszuunsiaaeuaandeimalulag Machine Leaming n1seanuuudlfnseslte
(Graphical User Interface: GUI) wagmsilonserussuumuauais 1wu PLC (Programmable
Logic Controlleniunumdaglunisiwaansainnisuszanananwlildnuadsluaenisudn
GUI elifufiRnuausaguanisnsiadeuresszuulinuy Realtime lidnaudu
fuvtsaanniiianatn Ussanvesuiun viiewesiduseusiilavedima ndouiananse

<

LEARIANUSENBUBATTaUAN T UBN1SAnawEla

Y

Y a

Tuvaugh PLC YIwitfinuaun1si9uuaasesans Wi N1SUgAaEnIY, N1SARLEN

o a

aannfiemann, Wemsdsdya nafion nsdisurestuingzuy YOLOVS  wag PLC 3
mﬁ’amséamishu‘[ﬂﬂmﬂaammgm W Modbus, OPC wIsnsifieusatiuy /O Digital
ssuuiiianilunaideilimsdemauuy TCP/P szwiineufiinesfivsssiananiniy
PLC s Gateway vimthiiuvadds lngnadnsain YOLOVS aggndesii GUI ffamnluniw
Python wagidoxlesfussuumunusiiu AP ileadsszuusalusifuuuasudas
Mseenuuy GUI- Anliifiesusideaianstoyalfedrsgniesiasasudio usdsedlinu

118 sossumsUTulgiluewan wavanunsavseteszuuludslssnudula

& Inspection System - (@D § X

Image Disly ! _ g . Controls
 ©'START
#//STOP

PLC
Result

NG

3UN 2.6 dregrmiinge GUI uagnsweusiariu PLC
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Ul 2.6 uansfogathasvesszuy GUI filduaninansnsivaeuaain druuuing
wananmiildanndestsinunsulandudoyas CMYK wazduunlaeluma YOLOVS diuans
LARINAEWS (Result) WU NG (Not Good) e OK muusstnnaainiingaany suvaidudy
AUAL (START / STOP) wazanuzmsiiiessioniu PLC Felidanuameniunazmgaaiossnlus

lﬂl a
LWANUARINRAUTLLAN

'
v A

2.7 wideineadedludineUssme

Tudhdliflibhuen  feuddesauunnilddimeiatiyanussivsuldlunszuiums
muANAATaaINLazuRa TaslawmznsldinainnisUszsananannuaz s S ousveaaies
(Machine Learning) 1 Convolutional Neural Networks (CNN) tiag YOLO (You Only Look
Once) iie3iAT1ANURANA VBN N UL LT

Huang et al [8] loWiaussuuasivaeuaaindnluifvuaieniuadedlaelyd Deep
Convolutional Networks sannsaug nuszdmiuesaainldeausiugluaninuandonsss

Redmon et al. [91 Téinaus YOLO Faduliimaluy Realtime dniunsiaduingiis
AMEIazANAAIUENg sionn Ultralytics [11] I#imn YOLOVS Wag YOLOVS dauiia
ANNANsaRIUANWILE AU sERNE A INITUTHINaNa a s salt ulugnavns suleasa

3TTes Ullah (7] dawansbiiuisnannaiunsaves YOLO  Tunisuszandldiu
gunsalnouiumeivi iy Tnyannsonsaduinquuuiisalysivy CPU 19dnsa vuedl Mittal et
al. [7] Iéiaunszuy Object Detection Mansenszgndfundesuasszuuaton suanldlagnss

Bertacchi wag Silveira [5] latauenisnsiadunisuisinuulundnnienisldluea CNN
u Color Space WUY CMYK Fauandliifudednaninueanisld CMYK fuaiudunim

Khalid et al. [3] waz Anilkumar et al. [4] lavinn1siseuliisu Color Space S¥wing
CMYK fuszuuddulumsnsadunagduuning nui CMYK Sarmanmnsalumsuonueziandi
uysdueadiuldtaau lnsamglunmsiinseinuiuiniilasededudou

uanNil Amas et al. (1] faldAnwinindenaninuasgnnia Anilox MfluaTesfian

FLEXO @eflaronnnInuainsiuniazainalevesyafiun 8nns Stefano [2] €alaiinsiesiyu

yoaafuluszuy FLEXO Tnglidayandrdglunisaseinsiuiliinainunudagsan

v Y
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N5ty aunsaagulidn Silifiewddelaniiduns asieaeuyuiuivendead
CMYK 91naa1naseiifinnlussuy FLEXO wag OFFSET lagnse dutusuideatull 3ediadu
yavnunaziluuinnssulnifiudannuaunsavesssuunsavaeuaaIndmlulif lugaainnssy

U35 0ua

2.8 uRRgnngtasiulszmalng
ludseinalneiinsfnwilasiaunszuunsiadauaun I nYeIHand assemaluladnig

[
= 1

UszanananmuarJagUseivgiiutusgssaiion . Insansluningnamnssudidnnsetind

<3

vssdnsagmafuiegdlsfnudulgjresridefinuinddinadamuudaiuy
Threshold, Edge Detection, %38 Morphological Operations auszaufusnififidnyoe
Fau uidauszansamiilefeinseduduidudou Wy spusiefan viednauuuy Half-
tone fhoganuAduiifinadndides iy

3MUV83 W.Cheamsiri et al. (2024) lshinlapa YOLOVS wag YOLOVS wnUszendldlu
nnTaduevilly - Flip-Chip $enIn  X-ray Imauﬁa‘uLﬁﬂuﬁ’umamuﬁuaﬂﬂmmaauﬁﬁ
Uszaun13ed wulaluiea Deep Learning diuseavsningsnitlunatensal [11]

UVe3 M.Kazmi et al. (2022) drauslegtunsnsiddeuaa nduauurinnalasnly
UM Industry 4.0 Tagldf CNN uag Object Detection LiloUssifiuduvisuaz g muadaain
wuusealng [12]

Whaeiin1sld Deep Leaming agnaunsmatsanniy widsliwuruddelaludsemalnei
NSRSz AR sREivedindlussuy. CMYK lagnse viseniswdasnim RGB — CMYK
Mnaansiuiteliifu Feature Tunmstinluies YOLO doweil 1uiveaduidsdodudimdfy
lpglauanTIsHaTsEniaNIskUaslayalied (Color Space Conversion), NSATIAABULUAUN,
LayMIATIITUTQUUY  Real-time  \ileltlunsnsnaaeuaanifissidiossuy FLEXO uay
OFFSET agnausiugn daduuumsiigslivmnglunisinuvesivenountii

uennl madeuledliaa Al WhifuszuumuauSluiRin PLC Swaendnduns

Uszgnaliaseningnamnssy Fasgniauesigazsidenluun 3 uay 4 varingrinusadull
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2.9 4939719099971U38 (Research Gap)
31NN15NUNINITIUNTIUNSLUsTAUAINaLaEsEAUUsEINA auisaasulaindianiiy
N EUINUETUNTHAILITEUUATIVERUAMA UL Iaganglumuueanisngiaduaain

1 a

wagdmidfienafntuluaienisndn Wy nMsneuvdsiie, SRuiden, vienmdeuainaiy
AaadsuaLfiu og1dlsAny Fail "Heainsddy" AdlifnuAdelandnisegiedaiou
Loiwn:

- MFATILUTLivendnd CMYK 210 Artwork 934

- mM3Uszynald YOLOVS Tunishasngriaainfiunainssuy FLEXO wag OFFSET

- N353UFPUU RGB —> CMYK 1iiun1snsiadeuidadniag Al

- MsdernadnsIINITLUNIINdeUlUSIssUUAILAL (PLC) Wuu Real-time

Povhamaidulssiduiividvatu i Weufuveuanminiifu uaziiaue
szuuiiawnsaltaulseitlumenisndnaainaiagnavnssa Tnssinsoenuuuyadoya, in

Laom, i GUI, Lagdaansfiussuumunuagansueas

2.10 uwurldunaziiamsvaanalulagluauinn
wwaldnvennalulagnisnsideuaainiaznuiuiluniranavnssuiivualdudule
081959057 Inewnagiiiewnaluladanu Machine Learnine hag Computer Vision Mé3unis

&

fiauregusoilies wuwnmIsisIEinmendeya RGB uarmsuUasdu CMYK tiediasny
Snwaizapian fefiuuuAnlminidnenmgddunisussgndldlumeninanaie

wonvntu winlilad Edge Al %ﬂLﬂumiﬁﬂmLmaﬂﬁgmwﬂizawﬁwﬁzmamauuq"dﬂﬁﬂi
Uanemnie W Jetson Nano, Raspberry Pi nae Embedded PC Afdslasuanuilonuntu
iesanannsaannailunisdedeyaludassmines tasitanuslunsdadule viliimnzan
AUNISIHULUU Real-time

TuauIAn N15TINTEUU Al M9I980UAINIWIAY PLC wag MES (Manufacturing
Execution System) agglszuvanmnsaiinieyt udufeu uazauaunsvinuvoueiosdns

Igiag198mlud® Feazilugaudsuddyveansudnuuudaaies (Smart Factory) uagnouland

gARAAINNTTU 4.0



17

ety $11deRly YOLOVS mudiiumsinsieiyuiiuidadugaduduresnisussyndly
winnssulnluangnisndnase wagaunsoesenlignisnsiaaeuiiazBentuy Wy MsTuwun

a 4

Uszinmveaaindnludf viien1sussiliununimauiuilusedugaiiu

2.11  unaguednsIenaInnIsAneuIdL

IINNSANYITTUUNSINTLaZN IR TIdauaaInmemalulag Uy usefvg nuinniale
ddnyvosnsnradudmilusmfiud ildogfiissudnisusnuer Sagluamivingu uddssude
A lalunszuIUNITANA WU dnwasyuiud CMYK, AT1ULANFN9Y8358UY OFFSET fiu
FLEXO saufemntaninsavasszuudszananalunissuiiofuauraimadeuiiintusswing
NTRUNDIY

(%
=1

suifolusnnatsatugaduiinisnsade udnilasldinaiaiiugiu nieluina
Machine Leaming Aifilassassladudou GeaunsaUsenanatuyndoyaianigngulsd ues
m@mmmmﬁgﬂ,umsﬁumamalﬂicjamwmﬁam'%waqm*amamémﬁé’am%mﬁumwwmﬂwms
Y0I0AIN Wa FoeWU uarsuviliuiuoureRan UL

MASeaduiaiausruamlmiiuanias Tngnsugumadilassuud CMYK fu
nsl¥lama Deep Learning 8814 YOLOVS 3sliliflesusianinsansrosuaanlausiugurindu us

NN AATIETENBASNNBAINVINITRUA LU N15188399899ANUH N5FoUVDE Uas

Y
a =

ANUANTAvRding vintrssuvaninsasaaulaleogiauiug gy
wuanalkansliiufanaiuInisvosnaluladnae uleransN19n1sAURAUTEUY
93a38g (Smart Inspection System) FIANUITOABUAUBIAIINADINITIUAIAGAAINNTTUT

FOIN1TIPUUSRIUNR AT Wagauwiuggelua ety

2.12  Uszlevuimadnazlasu
nNsAnwszuunsIvasuaantaeltinaluladdyyuseivgluauideatull aunse

[

mansaifsusglerinaglasulu@snisuas nagaamnssy fail:
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1. AudYnIs:

- ifineadamlunisuszgndld YOLOVS Saufumsiinszidnvazvesyuiasinuy
CMYK

- WanuumslmilunisnanudoyaiBeanm RGB — CMYK Liteldidu Feature Tunnsiin
LmanTI9duRan

- a5 1auRUUNEITE STy AN saltusmiussuuaIuAl PLC wae GUI 19339

2. AIUYATNNTIU:
- PIWAARIMUHANAINLUNITNTIVABURA INLABIURLNMETEVUAlUTRALUY Real-time
- WUsEANEANUATITNER ANYRUFEY UAYARAUNUNITNTIVABUIIUIINU

- duasyliAamsldmelulad Al fuanenisnanasabulsiuilasus s

- AM150MBYRAEIEUU Smart Factory LasnSAUANAMANNILUUSIRTYY

3. puAsegnanazdnu:
“WigdnptanEnsnlunswiaturesanamnIsunsRaYilng
- anlonansaeanaaInINANINSE W WdAuUwen avauTua luglupaialan

- as19nnelynuauidenanuns e lUIs @ g laas

2.13  AINSIUSTUUASIDEDURANDA UL

' 1% v
L% av

szuunsRaovaaIndnludfnimundulunuideildunsysannismaluladnaieiu
ddneiuedindussuy é?qLwimi%fu,ﬂwwmﬂﬂé’aaqmammiu, AMsUsENIANANIN RGB —
CMYK, N153AT18vi3ufiuidae. YOLOVS, luaudanisdamadnsludessuuniuaunu GUI was
PLC awsauvesszuvamnsanuseanidu 5 lugandn laun:

1. Tugasudeyanin - ndesgramnssudienmaainideuiiuuane U

2. Tugauvasd - wasnw RGB Alddudeyads CMYK dmsuldlunmsiiaseidnuasy
UL

3. luga Al m513a@auaain - 1¥ YOLOVS 11AT181aa1naindayan1niagnsiaidy

YORANAN
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4. TupauaRIHALaEAIUAN — LAASHAKTY GUI Lazdwnan1snsiaaeuluds PLC
5. e utoyauazUseidiuna - Tuiinuanisnsivaeuasgiudeyaiianisfinnuwas

Waunlunalueuan
menseaniuuszuuanuaell vibiaunsadluldlulssnuasalalaglddealfsundas
nsrUIUMSHAAGNININR Lasdiaunsausulsviserenesegenluauianiiiosesiusliuuaain

ysanAnfuRUsELANdUle

System Overview Diagram

7=

v

Capture CMYK images with
RGB camera and sensors

v
(Convert RGB color data to CMYK ]

i
{ Group image data (split into

N J

training and testing sets)

!
[ Train YOLOv8 model with CNN

(specify key parameters)

¥
[ Test model with validation data ]

~
[ Design and develop GUI ]
v

Integrate the system with PLC
via Modbus TCP/IP

v
[ Evaluate and controlled J

environment and reanvronment

]

Evaluate and analyze
system performancce

v

Summarize
experimental results

JUN 2.7 UHUNNUAAININTINYBITEUUATIAABURAINSR LUTA
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' £
v

SUN 2.7 UAAGNUAINAMTINYRITEUUATIRABURaINSR ludANTRuTuluanAel

L3 a 6

AsEUIUMSBUFUIINASIeAmiIEndes RGB ududasiidu CMYK iedinseviuiinsives
wid Mndundsdeyasonduysfinuasnagoy warld YoLOvs lumsfinlumadmiusuun
Usglavann seuugnillu GUI wagilensiefu PLC W1y Modbus TCP/IP Lilemuauaneniy
WUU Real-time Naﬂ’]iﬂimﬁugﬂi’J‘Ui’JiJLLaS’AJLﬂiﬂzﬁLﬁ@ﬁEUﬂi%ﬁ%%ﬂ’]W%@ﬂiSUUﬁgﬂuﬁﬂu

ALY LLaSﬂ’NﬁJLg’J

2.14  feiinduazuuaninisiauiluaunan

NNANITANYILATNISHAIUITEUUNTIFRURAINA8mNALULAE YOLOVS S3ufiunIs
Ansvigafinst CMYK @iinsagesfiuuuamnsnisseseaszutluouamiteiindszansam
A LLiLEN uazAuAlnsolunTIUSURausUsUURATRlYl 9 detl

1. i Dataset fifianavainviatgiy

-funmannlssfssiaianatowsis aneldiaiazundeaiiunnaieiu

- Wdmnuaandegheiifidmivaneguuuy tilelasuanuusiudivestiing

2. YeNEMsTReUNUNTUSEANEY

- 5935URaNUY Spot Color, 5¥UU UV Coating 39 Hologram

- A9 UMTIANToAI, Barcode, QR Code wavgumsaisvndiaiiiimuen

3. ysaNIiusEUumIuANsn lulRseRuas

- Wousle MES Wwas ERP Lita A5 e inan MATaNon SHANLUULANTEUY

- Usztnanasmifuszuunsudaiiiou viensdavganisianilenudeianain

4. dwnalulad Explainable Al (XA unley

- dhwoduieinszuu Aldinduleegnslsilenudnd

- wnailusslanazanusiulalunsld Al funsasiaaeununnlugnaingsy

wusimsaiazinlugnsaineszuuarnaeveaniildifissuifinruuduggasiniy
wigallauaunsalunisiseus USudd waznavauawionufeInisvedlsanululanga

9RaMNTIN 5.0 Liog1auviass
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A5AUUN15IY

3.1 unin

(%
Y

uniiiaueduneunarismsililunisdindunsitetmun lnefidmanedewamn
szuUnTIdeUaaIndnludd tnald luina YOLOVS sauffumsiiesisidnvasyuiinnannded
CMYK Faflaauduiuslagnsafuguainuesnuiiud nszuunisidodsznousenisify
Joyan1manngetanann sy n1sulasenanin RGB 1w CMYK nasiinluima YOLOVS n13
9ONLUU GUI dmulaninanisnsinaey uaznisioudeduszuuaiuay PLC iiedsnadninig
ATILALUU Real-time

aa J a a o dy Y 4 ) ¥ a a
Pnsafiuntsiveluauilasuniseenuuulwanuisatalulsauasduaienisudn

9RENYINITLRANLUY Flexographic uay Offset Tnsluduudeaasuianaiosdnsiilogiiu

wnth edannsnuiuuddisesfuaanvaigussaniitnsfiaiunnseiuld
é’wé’u%umaumm"wLﬁumusuaﬁ%’aﬁ%gmmmmmuﬁa%’aﬂaa5’&LLGimiLm%'smi'a@

gUNsal N130BNWUUNTZUIUNNINTIAADU N1TNABBIMAELINNTINITUSEIUNG LUauden1sasy

AMTITBITHUULB LI LI 1IN sanaltildag 19tny

v
) :

e | Magrts
i e
| . N A
i Red ,/ /
wu¥ T black
e | uu.{ o
| + oAy

=
»), /O
. Bk | / / AN
e ¥
A
. ” 7 Yol
ol (L)

) o RGB CMYK

g‘d‘f/’i 3.1 fumaunsuas RGB LU CMYK
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gﬂﬁ 3.1 wansuneuMsuUamszuUdann RGB (Red, Green, Blue) luidlu CMYK

(Cyan, Magenta, Yellow, Black)

MNAUTIETUIEAN YL VRIUTANE RGB war CMYK Tugduuy 3D Space filddmsu

ANTAUID

AUNNANUTIEAINITHNAULAILAZNITTOURLF TN AN el landlussuu

CMYK LA nN15aulkad (Subtractive Color Mixing)

[

Tungunsulasiliiunuimdrfgluanddy Wesnndeyanmililnlunaziesiunms

wonuANeIAT e RyNENIUVRILsaLE [3][7]

Offset Anilox Flexo-7,5°
90° " 82,5
15 L o
Soq "b‘?& 0’
ST - 0g 0
Doy | "o g [ '0
..' ..... é"’) ‘. .' @ 375
T DOO T A )
00,00 0, 40%°
L 4 l.." ‘9, ‘l....
0 O 009 ® /.Q’r
00 710008 2 0% Jaed? .
1,0 ge822a00 7,0° L L2es08e”’
L 120009922280

3UM 3.2 113 9UERINSEUIUMTANS UAYRITEUY CMYK

JUT 3.2 wanaSoulisuyuinnusswadlusesuu Offset wag Flexo (ugie) saufu
AMFIFBINTEUIUM FAUNLUU Anilox (A1Y7) dandekanasiunlauvesisid CMYK lussuy
Offset (1Wu C: 15°, M: 75°, K:.45°, Y: 90°) wag Flexo (C: 7.5°, M: 67.5°, K: 37.5° Y: 82.5°) &4

3 o ) ° 1% & . i ¥
Jugadanananlunsdiunyselanaain nmnaauazunanelasaasswegnnas Anilox il
1 Flexo printing WagnIAIUANAIINEN AND WATSUNTIWBIYRIwadd mSuAIUANN1SaIMEn

Toyalanatigniasislud@enimiverinluna YOLOVS Tianunsassudnuaeyuaniule

28190IuEN [2][3][9]
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L ]
..-.'..........l.... o e

Y
4

Yellow 0° Black 45°

sUN 3.3 Asuanaduneunisulasdan RGB Wi CMYK uarnisdniasqnd

SUT 3.3 Uanad9e19n1suUasnmaInseuud RGB. ludassuy CMYK uagnszuiums

NS89 TNRVRIAUAREE  AULUVBININRAAINITINTIANINYDAazIAE:  Cyan (159,

Magenta (75°), Yellow (0°) wae Black (45°) uUuyusinmsgiunldlu Offset printing fua

wanen1sfeuriuiuveuldnmuaiioasnanmiuiauysel Sulugluuuiinsiaduldae Fourier
Y

Transform uagluea YOLOVS [3]9]  anusiwvessivardgnldidududsiinesvaniunis

wenuezUszinnaainluanuive
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3.2 Faquazgunsninidlunsise
Tumsiuiunmsiteadeld Winsdenligunsaluasiaiesilofimnzausiumsnsivaoy

AUNMRAINLUUSRLWITR luaen sanase TneAdedeauanansalunsdunin anudalunis
Uszanana wagnissesiunmaidenseruszuumuny lnetanuazeunsaivdnildlunmeansd
Yol

1. né’aqqmmwn'siu (Basler ace acA1920-40gm)

- AnaziBen 2MP s893UMsIEAM RGB Tinansgs

_ \Jeusieru GigE winzdmsuszuy Realtime

2. ABUNNsAMTUUIZNIaKEa (PC GPU NVIDIA RTX 3060)

- vt 7iflnuagulanea YOLOVS

- fasassuuUiiRnTg Windows + Python

3. lunaleyguusehng (YOLOVS)

- W nsunmsnsiaduaninwagveranain

- fANENTAlUATTILATIZY Bounding Box Ul Real-time

4. Programmable Logic Controller (PLC)

“#suteganamaiinsisinnszuy Al itethlupuauaonsHan

- sesfumsdeusaniiu Modbus TCP/IP

5. winasuansNawas GUI (Graphical User Interface)

- Wuananmaainuaznanisiesieilukuy Realtime

- 5995UMSIEAT Bounding Box WagtamuLiinou

Baslerace U

acA1300-200uc

B FYTHON 1200 Sansar 7 203 fos Framarato
B use30 ntertsce 139 Resalution 4F)
3wz Sansor Format

C ef

5UN 3.4 ndosgnamngsu Basler
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Ul 3.4 uanendosena1vingsy Basler Ju acA1300-200uc Fsldimumasnim CMOS
(PYTHON 1300) #il¥inmiazden 1.3 dufinisa wieumuidigean 203 wisusedundi

ndassuiliniaideuderiu USB 3.0 sesfumsltinulugnamnssufifesnisuszanana
LUU Real-time ndas Basler Hfugunsaindnlunisdaamaainuuaeniu deuthamluuas

[y

Juszuud CMYK waglaszviyuiiusivielinuaznaaauluwa YOLOVS lusuideil [8]

5UN 3.5 1A 9neuiiinesusyaiananson GPU way Nsweuse PLC fMUTEUUATINEDY

SURL 35 uannedesszananailegndn addaoufiunesgnamnssuiiil GPU anelu
dwmsuilnlaea YOLOVS aanainaainasedeyaninainndas RGB aggnulandu CMYK uaz
¥y Annotation Y0 NaNIW (Screen Angle) usiazuildssuuagly GPU lunsuszuianawasin
Tawa YOLOVS telfaunsausnaain Flexo way Offset ldognausiugn iflomsfiniaiadu
Tuwauagluld pt Alsazgndssinuszuy Cloud ldsaniesinaanvesgndn (efldan)
\nsesilsgnAnaztilaimadananluilsluszuunsisaouuuy Real-time $amfundosuay

PLC ilatlosiumsidaainuausnadilallananainlsssu [8][12]
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3.3 nsiudayanazmseseunw

Wiollumalyy1ussivarunsaiFouduasiiasgiaanliegaiuszansaimw 39
Jududesdinisiudeyaninaainananinuwindeusssluaienisnds wazdniunswisudeya
Aowilufinlanna Tnefiduneundngsd:

1. nsudayanin (RGB):

- Win&esgnamnssu Basler Anssuinaaeniufiust ilerfumnaainiindeusiuse
ANEIEY

- pwilléiimnagiBen 1920x1080 finwa uazoeluzunuud RGB

2. M3uUasnn RGB «Uu CMYK:

- Wapsudasiinasgnilunisuasnmann RGB — CMYK iilousndeyaiindusazvos
S, MY, K

- paw CMYK ilsigniimmiinsngsiifionnssaniveaisindusiaz vos

6

- uRLTwenEAUTERI R INgNFewazaantana1nvidudegaiddaylunisin
luiea
3. msiangadayanain:

[

drny Joudilen

a 1 [

- usyateyaseniiunguaningnies kazaanANLRwd W nnsis
VI BUIALEUTLN

- pyradeumNaNnaesteyan 2 nquilalimsiinliaalidides

4. nsaseutayadmiunsiin:

- ¥1n13 Resize munanwivivingan Wy 640x640 pxifiernansalunisin

- @519l0a Label (.txt) @15y YOLOV8 1atld bounding box wag class aoesuniilu

AMnwmazly
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Uf 3.6 dhagnaguiildainnisuasnin RGB 18y CVYK

al

JUT 3.6 WAAIRIBENININRAINIZMATINKIUATEUIUMSIYasaInssUUd RGB TuhTu
CMYK wriazusddluszuu CMYK Taun Cyan, Magenta, Yellow wag Black azgnuenasniiuand
Tdiumeaneyufinsi (screen angle) Mamizia  AWALULLAATENYUYYBIRATLTIS L9
muspiwandefluudasinid | awdugsheAeeanduatl daussuinAsnmeuiiuans
sULUUMSEBegaTiariassnnszUIums Offset w3 Flexo nadnsannisulasiargnildlunis

Anluwa YOLOVS iiesauiuazimuuntssnnaainlagdaninyuiiuiveudngniu [3][9]

Oi o

5UN 3.7 flegunmaainngugnielagianaia
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Ul 3.7 uanwheginmaaniissuunsiaaeuldegisgndeazamiliinnisiiana
nsoudthiduluninusazdesiie bounding box Alanaa YOLOVS nsaadusufiast CMYK wagyin
mMsdwunUszan  msuuulansiiegsaaniiszuudnunldoiuugr  Tnedumiaga
ansuazyafiuiivaeu nwdusuanseaniiszuudanuduay wuy Weaniulive, Awdey,
videll noise A MdiaTeiniwisaesndudtelunsusue Hyperparameter uazUiuss

Dataset Twinnzaugedulunszuiunisinluwma

3.4 n9enluea YOLOVS d1%3Un135n3223uaann

Tunaitldlunns3seiine YOLOVS (You Only Look Once version 8) duduaniinenssu
M3n919TUiRQUUY Real-time TisiAdNasnsalumsiassinmlseausiuguazsinig lag
nsilnlamaiitunouuas s fie s ada:

1. Msinseulassasauiudaya

- dalnaLaes Dataset 1 train/Val/test wiauaIw (jog/.png) kazlng Label (txt)

- lWd ‘data. yawl® 58U class uay path dmsupisin

2. wisfimasildlunisin

-'batch: 16 |image: 640x640 | epochs: 100

- optimizer: SGD | learning rate: 0.01

- weight initialization: YOLOV8n.pt (pretrained)

- augmentation: flip, brightness, mosaic

3. NSTUIUNISHNLALAA

'
o

- 19Ad4 "yolo task=detect mode=train model=YOLOV8n.pt data=data. yawl’
Tunsin

- YN8 UAN loss, precision, recall kaz map50/map95 Tulsiaz epoch

- JlgflnAsu 100 epoch 1danlng "best.pt’ dwsutinluldem

4. NAAWSAINATTIN

- A1 MAP@0.5: 92.3% | Precision: 89.1% | Recall: 93.6%

~naedsseninlunsuszanana ~11 MS/aw (= 90 FPS)
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metrics/precision(B) metrics/recall(B)
1.0
0.20 ~
0.8 -
0.15 -
0.6
O.10
0.05 2
O 00 n T T T 0 2 ] T T T
(o] 50 100 (o] 50 100
metrics/mAP50(B) metrics/mAP50-95(B)
0.08 -
0.06
0.049
0.02
0.00 - 4 i
Q 50 100

5UT 3.8 n3wludndan Precision; Recall uay mAP syminsnsinlania YOLOVS

U 3.8 uansnsminanisinliea YoLOvs laeliundeyanimaanfiulanduszuud
CMYK. n31n9ia & wamsendad sanan eud -

Precision: 8n51A73 KL luMIINUNAAING NGBS

Recall: mmmmaﬂiumimw%’uaaﬂﬂﬁgmmiuﬁwﬁaaﬂa

MAPS0 Way mAP50-95: AIARsLIuEuRAETIsERU 50% 89 95% nsnkaninalutig
Epoch # 0-100 %ﬂgﬂﬁlﬁmeﬁmimmﬁmmzamﬁqﬂ (Best ‘Checkpoint) dmsuldauass

[12]
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sUil 3.9 fhetamsnsradvaanyszian Offset tag flexo Tnglanaa YOLOVS

a

JUT 3.9 uandi198196a N 1373737 URanUsYIAN Offset kae flexo laaldluina
YoLovs fldsunisiindaedoya CMYK nsevdtiuuazdanana “Offset” Aonadniainnis
Fruunvashing nedeindnuueimaniueeaninaatn nmwaiiduamanaeniuaidy
szuunpasuilalan (anAn)szvuamnsatenaanUszianlsisiugindn 94% luanmuasuas

mimguaa'mwa’mﬁmagﬂ UU

3.5 n1s99nlkuy GUI é'\‘l’i%lULLﬁﬂ\'iNaﬂ']'iﬂ'i'Jﬁ]ﬁaU
wioliszuunsivdevaaindmasalisuls heuavuansadnsldoadaay uised e
Wawdumesisuuuns i (GUD) dmsulduaneniniaainainndss ndeunanisnsradudildann
Taina YOLOVS Tne GUI damnsavinauuuy Real-time uasideusofussuununyldlasnss
AnauiAvanues GUI fiviamn dsil
1. LEASNINAINNADIUUU Real-time
_ fanmannndes Basler wavuansuunitvelasiinns Overlay bounding box finsaany

311 YOLOV8

a . v Y A a Y a
- dU29 boundlng box LagUaAIULILADULURIUANUTELANVDIVINANAIA
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2. hanNanskuuA1uNUlaY (Confidence Score)
- wansAANsulavellaluLAaLnSY Wi 0.92 (Fwdl), 0.98 (Unf)
3. uansdayamuniazuszinnderianain

= A ¢ «

39 "YUnuneaaLAaau”

9

- wdsyinvostaym wu "deudldauysal’ v
- 8UiuMLs bounding box UuANKALAAR (X, ¥, w, h)
4.J1AUANLAYRNGD PLC

- YsUn/Unszuunsiadey, Ui reset alarm

- WawsoH1U Modbus TCP/IP dedtyeyas ON/OFF lUgs PLC iivepiuauaneniy
5. UUTINHNAANS LATAIN
- UM NARSIINUTBRANAINAI LLHLLRNL

- Wou log file $189UBDANITAIINIUTNUNA

Image Result

Offset Found

Flexo Not Found

04/24/2024 10:15:23

U 3.10 99 GUI LanNan1sIkunaaIniagnaansnIsiaszvideluing YOLOVS
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SUN 3.10 uanawtae GUI vaeszuunsivdeuaaniimudulunuddel amnaishe
aanfignasiadulaeluina YOLOVS Feszyindulszunn “Offset” wiauuans Bounding Box @
T PMUPNILERINNTIHANTIATIEANITEYI1 Offset 9NATIANU (Found) vauedl Flexo liiny

o

(Not Found) suufiyuuuu Real-time wazWausaiyu PLC WaAIUANNTEUIUNTNARTTIIY

d1gnIURAN

3.6 N15WaNARNUIYUU PLC Lil@AuUANAISHER

[

ns\dousasruunTIadeuaaIndnlulAfuszuuAmUAIATeIdnT (PLO) 1wt laddny
van1stszuy Al anldnuaisduaignimdn ieldannsanevatadddiuy Realtime wag
UiuiasunsguaumsyiuidlanudeRanate

wunsillilusnited fan1sdeuderulusinnea Modbus TCP/IP Badusnsgud
feuldnulunagaamnssy Inen1svinvuidsesnidy 2 dwunan laun:

1. #a Al (YOLOV8 + GUI)

- USTHNARANINKATASIVAR UM I VUITORANAR

“iffewusiawil GUI agdedtyaias Digital Output s Network Interface Uik PLC

2. s PLC (Mitsubishi)

- SUlDYAANULIINTLUUATITADU WU bit 1 = Unf, bit 0= nudeianana

- YimImuANANETIL AT ueaRan, e Buzzer iesuduauoen

seuvUEINsafIviuRlEuAsd L IMTinaInviane L:

- anuysani (Defect Flag)

- sWaUsznUaRanan (Error Code)

- Timestamp d@1115UN156U Log Tussuy MES wiogudeyadiuna

nseenuuUiTaglfszuuannIavinuutugunsnififlegluanonisndeldiud uay

I ¥ ¥ 1 [y (% QA
Jusuiuurasnsussgndldanu Al asiaaeuninsiuiuszuudnludiflugaavnssulng
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LﬂbE[ .; ---------- === .
Inspection Sytem | i
T | oo |

Image | :

— i

N ] |

Camera | PLC1 |

Y'Y s . YTI. "L

YT 3.11 fImsiveufeseninassuunTiaaauiu PLC

UM 3.11 4anslen1TeNsaueIsEuUATIaaeURa Ingnlularadlian  (gndA1) ndeq

RGB agdnen1naainuuagniuguaes  (Conveyor) umdstayaninludiszuunsivaaunan

)=

FaUusgnaumeling YOLOVS way PLC  YOLOVS ¥utnnuseananan i wagaiunaaining

wzURULUY. Offset ¥ Flexo winnuAuRaUNG vseaainliliuimsgm ssuvazds

DC

1
Y

AAslUge PLC iesiafe WieniuauaUnsallugieniy wu nsven Msdaey 138015639
Wou  GUI - MEslussuURhanmaansuuy  Realtime Wirauauaiu1sansiaaauanIuenis

iaulaviud daliuansaanUnanssunsvinunuiaselunisiang o 9aldan legld PLC ke

WOAIUANNTHBUAUDINI VLA [8][12]

3.7  LAUNISNAADILLAZAITNAGIUITSUU
WU WU TZ AN MNVDISTUUNTIVEIUAANTNAUITY  F9LAIEUNITNAaRILAY

[
[y v a Y

ARaReANUlNAL AR UANINLINA NS UEINISHER  waltRie819Ra1nINNNSRUNS 1T
a Aa o A = v a A a X A & a
aanUniuaaaniidamil Fenseurauderanainfiintulaluauiuiase
1 [~3 ¥ 1
ANSNAABILUIRRMNTY 2 Seeg lawn:
1. Mmaasmelianiazaiuau (Controlled Environment)
[ d‘d <@ d‘
- NAFIUNITATIVTURAINUUAYNIUNTAIUS AT

- laandraesaindeyaiinluwald wu dranindeu, uilidy
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- Uszifiumannuusiugn (Accuracy), Adh (Recall), Audiwig (Precision)
2. N15NAABIMENINKINABNISY (Real Environment)
% 4‘ a 6 v QIIQ gj a

- NAFIUNULATDINUNLALNABITAAAI95 9 lUlS 99U

- T¥aanedauinuatsnuseaNmsUNG 15-30 m/min

- AIFBUANUAINITAVDITLUUIUNITADUAUDILA LI LA DU UTLL DN UTDRANAA

Tumsnegeukiazsou rVUTNNIIWIUAAINTVLA, FAINTNTTUUATIINY, 2A1NTNAIA,
waznatumsUssinanasdonn. nedagamaitazgnialulilunisdunndssdninmuesssuy

Tumdedald

-4 a
3.8  NUNAITUILLUUNATZUUNSTIVEDU
n1sUsziiiulseansnnvesssuunsnasvaanmemalulasUyguseivglunuided
lgnuNNsUs el unaluldsUsunamazitanan naiulunanuslugnlunsnsiaduaain was

A lunsUsZInaRaRUU Real-time mnauaiviani glunisusztiudsenauiie:

1. Accuracy (A273LLUEN)

- frunumndunueanfissuuieneigndesileuiuaanniae
- @n3: Accuracy = (TP +TN) /(TR + TN + FP + FN)

2. Precision (A27334W12)

- Samnuanansnvesssunlumsssyamzaainfiddenianann

- §n3: Precision = TP / (TP + FP)

3. Recall (A1)

- femuannsnvesssutlunisnsanuaanianaInTie

- gn3: Recall = TP / (TP + FN)

4. mAP (mean Average Precision)

- Fmnuuiugiedsvesnsnnduing 1ngld mAP@0.5 wag mAP@0.5:0.95
5. AustunsUsTudana (Latency/FPS:

- SananildlumsUszainananm 1 luanndesauiuandsa

- andruneg: ladiin 15 ms/nw wise ~ 60-90 FPS
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6. NINAFBUAULEDYS (System Robustness)

- NAFDUSTUU U UZNAaUNUABLTRY 8-12 Tl

- UsgliUAMUASITRINITATINIU NITUARSHEA Wagn1sd@ealsnu PLC

Criteria Description
A Accuracy = (TP+TN) /
COMLaX (TP+TN +FP+ FN)
Precision Precision=TP /(TP + FP)
mAP (mean Average Precision
Rasell @0,5 and mAP0,5: 0,95
Latenc Target: 15 ms/image
FPSy / or=60-90 FPS
System Tested for 8-12 hours
Robustness
Ro%ﬂsg% rzss Tested for 8-12 hours

5UN 3.12 an51a3Uinain1sUssluNaTEUUATIREaUAAIN

(% '

v Av

JUN 312 uansensnasdnaeifatianlilunisussiulssansnmeesseuunsivdey

QANANAUITUTIENITNUNAUTZIY LALA

Accuracy: SR31AINUYNABIIINAIATVIINLA

Precision: Auuug1lun1snsInTuaanUseaniignies

Recall / mAP:  anuausalunIsAumingnavualunIn  wazaA1nuliugeie

(Mean Average Precision)
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Latency / FPS: awmauaussmanin 1 1u < 15 ms 138 60-90 LlsumnIundl
System Robustness: AulaNgsU8IsEUUIBSUARABAY 8-12 T2lusreiy

QQAJ Y & A =l d LY ao A
msnilldduiumilunisasdnanisnaasduuny 4 waslSeudisuiunuideduluun

3.9 HINISINAYDITTUUATIAEBURAIND A LULG

[

szuunTIRaUan A Ll ue el Igsuniseanwuuliitinsinuegadu
Funeu Tnedukeusmasudoyanmainndes lwnssuiunisasioys — Jinsevideluea
— uanwwar1U GUI — wazawwaansluds PLC iemuasiniesdnslumeniandnaie

%’jumaumiv‘mmmaaizuummsaaqﬂLfﬁluﬁqm'ﬁiﬂa (System Flowchart) sl

1. ndesgmanmnssaiunIn RGB Inaanilladsuiiuuaeniu

2. srvuwlasnimtudoya CMYK #azin3ennmawag 640x640 px

3. danmiinglaea YOLOVS iiensaadudwmisiodanain

4. GUI W@gnInns o Bounding Box, Class wag Confidence

5. danan130339aeulUgs PLC Wy Modbus TCP/IP)

6. PLC dinsnauduas 1y neaaewumierta Alarm

szuuansaviulaluudeies (Pipeline) uazsesiuaainlimangguuuy shomnud

nsUsTananaLRasnsassulaie 90 FPS
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System Flowchart

Capture
RGBimage || |=

I G T

Convert to CMYK,
prepare 640 x 640 image

Display result I:[}J

on GUI

Send rosul to PLC ,,
(via Modbus TCPP/IP)

PLC responds
(e.g., stop conveyor,
activate alarm)

System Flowchart

]
=

JUN 3.13 Kan1slnavesszuunTiaaeuaaInanluilf (System Flowchart)

U7 3.13 uamusunminisivavedniguaunisnsaaeuaa U nlusii TneEusuain
MU RGB 91nndesantuntnazgnulantiussuud QMYK way Resize wuwliivangiy
Tuina (640x640 finwa) nmazgniiiinglnma YOLOVS Seimihfiduunysginvaannuadns
wuansuy GUI wazdsddaluds PLC suluslpea Modous TCPAP PLC iilesinifen oy

o

naUANRIlAgdINTIiaNE N U gAvSOURd I f aumINNURAINRRUSELAY FatluananTs

(% '
v a

USLANUIUTENINNYDNA I SHALENS A SN INUANNRI LN IR TUSTUUT [8][12]

3.10 agUTumeuidevianun

wigldiiunmuesnssuumsidsesdnay mui%’&Jﬁjmmaaaqﬂsﬁy’umauﬁwmlﬁ
\Hudnauai:

1. Anwenasuazaudsefiieades WervunveuwanmsiaLuaziaszitesing

VYDITEUUNTIEDURANIUDAR



2. MU nkUUTTUUlngltmalulad Al kazniswlasd CMYK tiawiualng

wUENUNITASIIED UL

3. [dennansgnannssuargun el raud MU UToLaNINAINANENTNEN DS

4. innsinudeyauazdnwiennm RGB — CMYK wiaudnnquaainuavaialng

Label

5. \nluea YOLOVS srgyadayaaainiiviainviang itelissuuanunsauenuey

YoRANAAMANTULS

6. W GUI @USULAAININRAIN NFBUNANITIATIEMNUY Real-time Lazdiniunu

SYUUNIU PLC

38

7. MageussvuMelaan1izlanaeunIuay kasluaen1snanase nieuinusyansaw

RWAAL AL WET

8. Usetlunaansnaesnasinnsgu Wi Accuracy, Precision, Recall tag FPS

9. A nan1nnaed asudenuny uagttawaluinumsimussuuluauen

Literature Review
Identify development scope

System Design
Apply Al and color conversision

Camera Selection
Use for data collection

Data Preparation
Collect and prepare da taset

Model Training
Train YOLOV8 on the dataset

GUI Development
Visualize analysis and control PLC

Systam Testing
Evaluate under controlled conditions

Result Evaluation
Assess accuracy, recall, etc.

Conclusion
Analyze findings and present

Research Steps

5UM 3.14 WnunW Infographic kanslunauideiavn
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3.11 n15A38U Label wag Annotation #1%135U YOLOVS

mswsendeyadmsuinluea YOLOVS dndusesdinisszysumimasinglunimegig
Fauluguuuuvedlid Annotation slunsdivesnuideilfe dundsesdefianarauuaan
iy Ao, gefiunidou, N159nRAwLY 1usy

voLov8 THsunuulnd " txt 1¥u Annotation fiszneuseaaussiasal:

class_id x_center y_center width height

ee |

- IngAvamunegluguiuy normalized (0.0 - 1.0) mMudadILYINM

o

JunaunIstaIeY Label ddsi
1. waasnmaaIniulusiasu Annotation 11 Roboflow, Labellmg 3@ Ultralytics

Label Tool
2. 779 bounding box ToUMLINTORANGIALULARZAIN LaZAMUA class (WU O =

Unil, 1 = 3N, 2 = yadou vav)
3. tuiinlndidu it Addeideadulidnm
- train001.jpg
- train001.txt — 1 0.502 0.478 0.300 0.220
4. 95IAUANINATUNIUYBIN LAY Label Trinseiu
5. dudnlUgasgun YOLOVS wieuvun “data. yaml duiuszy class Viavian
nMswiteadeyastNsaunRulaYgNARiNABE NINsUsEAVTA YR e Tnelaniy

Tunsflvesuiiuideiinuasdungey 113 Annotate - wiugzelilunaSeuslansegn

1NNTIYU

LABEL PREPARATION AND ANNOTATION FOR YOLOVS

1 0.502 0.478
0.300 0.220

train00Ll.txt

train001.jpg
LABEL PREPARATION AND ANNOTATION FOR YOLOVS8

5Uf 3.15 fheglild Label 483 YOLOVS wazam Annotation
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al

UL 315 uansedamswioadeyaiindmiu  YOLOVS  Uszneusenimaann
train001.jpg Fafin13vh Bounding Box saUUSKIY “Printing Error’s1 Annotation Tulng
train001.txt AflsUnuy class_id x_center y_center width height luu normalized (1u 0.502,

Y

0.478) msweutoyatuuuvuiliutuneudifyneudidilufinlung YOLOVS Fwelddayatl

Y

o | a = - = a €
JEURMLMANURANAINYRILANTUToAMMEouluN SRL [8][12]

a 4
3.12  N1FAATICUAIUNUNIUVRI5EUY (Robustness Test)
I3 [ o a =3
ANUNUNIUYDITZUU (Robustness) LTutladvdAgNnansdininuaiunsavosseuulu
msviheulaegwaiies wiluanehliauysel Wy danmuasydsuidas, aannvyuides, ¥3e
AMLUABAINNITHARDUNTINED

o

nsnegeulunuifeiigneeniuulinseuaaudadusg g neoraiatuluaninnisldau
a 1 < v Y 1 [} dy
939 Weuuaduwiivsdesnal:
1. MnadUuN1sNIUsialiles (Stability Test):
- Waldsussuusaior 8 dalua/du 1unan 5 9u
- pyRaausvuulingnvinemy, A, wezlifinauaigan sty
2. 99apUANLUABULUAIUD LAY (Lighting Tolerance):
- WasunasanaluresEmIng 300=1000 Lux
- f579@UINANURNUGIveea kianaiun 5%
3. YiRgaURaNNViYUNIBLUA8 (Image Perturbation):
- 198a1N kLN 9 wasliiun1swae (Gaussian blur)
- ATINABUAY MAP Uay Precision 1dvegluseauildsule
4.n530N5TaRANAA (Error Handling):
= v d’ 1 =1 [
- MPgauNINdemaANTslousonan Mlvian tiviu
- SYUUABDILANIUDAIINLINADULAZNA ULV UMD DED UL UNR

nani1snaaavuluninsinwanaliiiuin szvviaununiunazatuisalgauly

aensnanlaegaiula nglifiennsfasengainaunaenyiessesamnaeay
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4 v =1 v
3.13  s1en1sgunsaluasiunulasny
lunisafiunisidenaz i urszuunsiaeuaandnludd Sududesdnisasuly
guUnsalug uAlEluN1In 193U R3I89 LazAIUANAIENITHER Ines1en1aUNTalkaTAUNY

& P a ~ &
WA UGl UNT T Radl:

eMsaUnsal wIn s1AUsEI (VM)

NABIYAAYMINTIY Basler acA1920-40gm 1 45,000
wuddmiundesenaivng sy 1 5,000
wyasnLtaLad (LED Light Source) 1 3,000
AoUIRTUTEIIaNE (GPU RTX 3060) 1 35,000
Programmable Logic Controller (PLC) 1 18,000
199 Touch Screen @msy GUI 1 6,500

Software/Framework (YOLOVS,) Open Source 0

lassdananuazgunsaiusenou 3,500

e $10ana1Lluiis nIsUsE RN RN o Lavauliun1sive 919l
'3

nsidsundadlanuiuuazunasdage e sgunsalilannialsuanlaniuaudssuinues

Tssnunseanulsznaunisnululgeuase

3.14 N150523UAULLUVBENASA (Case-Based Detection Flow)
Tun15A5998URAINAYSEUY Al U1 AIUEILNTOTUNNTINLUAARLNRAIN A8 UTLAN
fodugaudavesszuunimunlunuide lnsawisadaszismianizianzaddunsasnsdile

D8 19LUUTIINANYUE NN NWH AR AU

De

[

A19819NITUANYINTTUUAINIT0NSIULS Tnail:

1. NS 1: @Nusinaaiazeu (Color Misalignment):

(%
o

- SHUUATIANUNSTEURITUE C, M, Y 9 nyufiuiungly Artwork

Y

- Bounding box aglWAaNNuUNNIAMNUaDUTONTHOURALLY

2. N3 2: nstoudlslanysal (Registration Error):

- TuwansraduanNvualinsanu vl adeugiuiadiu

q

- U5ENBUAILNITIATIIANUALTALALYDUN bR T2
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3. NN 3: RFANVAY / 1dUYIA (Dot Drop or Line Missing):
P = A Ao oA

- ATRARULdURSWSeUNTATVIAdn AN ldaL e
- WMNAUNSATINRENULINENTIRDINITANLLLIUEE
4. ASUN 4: Fieuann CMYK Ainsum (Color Variation):
- lgn1suuas RGB — CMYK La3n5739@8UuAIALARIALARDUANNAND19D

P A aaa a v o | &
- syuuUkILfouiladdnnunfudavuasmenuailuiiu
SLUUENNTOIATIEVAIMTIINUANEMUND T W funis, U9, & Laggunss Lite

WiNAMLLLUET wazsaasumsidaululsaiiuilaegnnsaungy

Case—Based Defection Flow

Case 2: Registration Error

Case 3: Dot Drop

Case 4: Color Shift Color Variation

JUN 3.16 UNUNMLAAITURBUNIIATIITUR WML ULENN T

UL 3.16 uansradninisnsiasuimivesaainuuuuenaunsdl (Case-Based) lngld
Tupa YOLOVS fimsudssinudioandu 5 nquwan laun:

Case 1: Color Misalignment — dusiazusidluseuu CMYK fasilainsaiu

Case 2: Registration Error — n1stiesiiumissninuaiweda

Case 3: Dot Drop - aviinyg / &u1amg

Case 4: Color Shift — @wiguannauauy
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Color Variation — anulilasianavesdlunuiimenu
TULAAEIUNSIATIERANURAUNR Nl UUTEANRAIN Flexo hag Offset LASLARING

tu Label “0” vi%e “1” audiilnuily Annotation [31(8][12]

3.15 ﬂ’]'iyiiuqﬂ']'i'izUqufU'igUU MES uag Smart Factory

iieenseauszuunsvaeuaanliingunssuvedlssnudaaiey (Smart Factory) a1
LUANTDIGAFIMNTTY 4.0 ANI30YIUINITIZUY AL A muTufuszuudnnisnIsnan
(Manufacturing Execution System: MES) laiagnadiuse@nsnn

a

MES Jusguunansiienlesoyaainuaeni g ulssnuy wuiasesdns, au, fngau

q

LAZAMAIN ATYTUINITILUUATINFRUAAINSAbUTALAAY MES aunsavinlal1u APl w38
Modbus Gateway il

1. \ensadeyananisnsiadouaain:

- dINanis3tAs1gia1n YOLOVS (class, confidence, timestamp) U s MES Wie
2z EUNITWER

2. GuiindeRana1akuy Real-time:

- MnNesIINUAME sEuvannsadudufeudalulA i ITang N1SHEAK 1 HMI viSe
Dashboard

3. USunseuIumsHanlagdnluilf:

- lanudwivssasslutamanla MES anunsndeganisude visudafoudeaugy
AN

4. meVideyadaunas (Traceability):

- szuvannsaiudeyanin defianatn waznaiinlilugudeya ety

BIANIUNENAS

[
A 1

wwaRnilldiisannenseiunun maesndndud widuduiugiugnisimuissuulsuy

onludlRluauan ngsyuvaunsafagandniu ERP, SCADA #3853UU Cloud taanaqe
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Integration with MES / Smart Factory

Inspection Data

-

Real-Time Updates

@ml\lﬁo

Production
Process

Production Process

FUN 3.17 UNUATWLAAINITWBNRDTLUUATIVAOUNU MES / Smart Factory

U 3.17 wansantinunssumsideudesyuunTieaeuaaIngag YOLOVS fuszuy MES
(Manufacturing Execution System) %38 Smart Factory nasidngninaainagdaniming
YOLOVS iieUszinanamdefinnatn 1 class, confidence score uag timestamp %aaﬂa%gﬂ
ddlUsaszuu MES sy Modbus Gateway 158 APl tiasUinnaauzasnsnanLuy Real-Time
MES  annsaudadeufruguilenvaaniaUssian  vieUsunszuumsaansalusiiile
‘ViﬁﬂLﬁmmsqiyL?mmsL%'amiaﬁﬁﬂﬁszwmmmﬁwmuﬁmﬁmzwqmammimmmimyj uay

atuayuuIAn Smart Manufacturing laagnauviass [3][12]
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3.16 a':;ﬂw‘ﬁ' 3

Mnnstudunuiteildnaruiluuni aunseasuliin nuideilinuuamasg
ffiunsfaun sevunsadevaaindaludfidlomalulad YOLOVS og1sasudau dausinis
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NANTISNARDILAZNISTIATIZNE

4.1 NSUUIUNA 4

o

un? 4 Juausnan1snaassntaannnIsiauikazilnasuluna YOLOVS Lieans1a3u

dnwzo@aINiunluszuy OFFSET way FLEXO laglddayan1nainn1siiunase viawuuduas
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11901 tnganigaainfisguuiunddudeu Faluauiamendnvenisasiaduaainiy

[

an1un19ala3s lealasunsuseiliuniemdinge 9 loin A1 Loss, aanuuiugl (Precision),
ANAINIAlUNNTIEYTeyaTignAes (Recall) wagaAn Fi-score W3auN159ATIEY Confusion

1% [
@

Matrix WRgAIBENNINATINIUINYAVRYATITNUMS US g U e ez NUmMa S uTou

4.2 uaniIsuniuma YOLOVS

Tunsnnaesiiisldlinna YOLOVS $u Nano (YOLOV8n) tilssaniivunaudn Uszuiana
5132 wazsedmsuldalussuuiled Tumaldsunsiinseyrdeyaiiniesliaimin Fel
n1sutadoyasondu Training Set waz Validation Set 98 198mau Tunagniinstanun 100
Epochs tagld Learning Rate 5udufl 0.001 uwag Optimizer WUy SGD semingnasilnlainas
Tufindn Loss aanauszinn Téud Box Loss, Class Loss lag Objectless Loss ofsroLilos

AT INLAAINANITANILLIAUT A1 Loss anatagniidedrdnlugasiu uazidignie

v

Aslug g laganisiiler niuyedeyandinavainmasvesiunas luwadsnsanunsaseus

9 Y

T9ag19tiuseansnin wanliiiuinssuvausausudfuusSunigugoulss
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train/box_|loss train/cls_loss train/dfl_loss
2.4 1.9
—e— results
2.2 1 354 -+« smooth 1.8+
2.0 1.7
1.8 1 1.6 1
1.6 1.3
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1.07

1.6 |
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1.4 1 2175\ 1.4
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Uil 4.1 n3uansA Loss ssvannisilnluea YOLOVS

gﬂ‘ﬁ 41 wanansAIANEde (Loss) filfarnnsiinluina YOLOVS (Huszoziaa
100 epoch wusanidu 6 nsml laun:

train/box_loss: Loss ¥8eiuuniiansay (bounding box) UUYARN

train/cls_loss: Loss 91nM33un class (Offset, Flexo @) vuyadn

train/dfl_loss: DistributionFocal - Loss &dldifitanausiugilunisviiute bounding
box suaAanIAgiudmu ¥ validation

nsiiavsauanaIltianatetsmeriios 11 training waz validation set Feawviouin
Tuwadl anuansatunisiseus laduaglill overfitting egnstniau wduusy (smooth) 1Wun1s

. P Y @ 4 1% [y J a a d’ PN 1
n589 noise LB LWL THNAINT I IﬂE’Jﬁ’el6’1ﬂa’ENﬂ‘Uﬂﬂﬂﬁ%ﬁ%ﬁﬂ’]WVliﬂEJﬂ?UlﬁUUVWl 5 1wu

Precision, Recall, ttaz mAP [7][12]
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4.3 Nﬂﬂ’]iﬁli?ﬁ]%Uﬁ]']ﬂ‘l!ﬂﬂ']WVlﬂﬁaU
HANIATINTULANINTULABELN TN SEWIaaIn OFFSET Wwaz FLEXO leegns

ushugh uilunmiidiaranefiundsdudou Tnefiaaruiiula (confidence score) g 0.85 Tu

nsdidulng  Tuwadansonseduaainiinduivasnaneiundnieiisnilusuiinwldoed

UszANTN N

Confusion Matrix

Offset

Predicted
Flexo

background

True

5U#1 4.2 Confusion Matrix Y8eHan 133 MuN2aIM

gﬂﬁ 4.2 uanduNunW Confusion Matrix ¥aean1sdkunUseinmaansening Offset
waz Flexo lngliluiea YOLOVS uny X wanswan153uun (Predicted Class) Wnu Y uanstoya
934 (True Class) fiadlunsounansdurunmiisinunlignies (Diagonal) uaziiawaia (Off-
diagonal) nnnamsadanaléi: Tunafiasishggilunisuonaaniansszan Tned
mssuunAntosun nreuiidudufiusrdieiazuntdilinaamsowen Offset was
Flexo Modmau luiflauduauiuaandiu backsround wiemanadu tuawiieuin Dataset
wazmsinluinadauamd (712 wnuamiaduayunansiessideadi Wy Precision,

Recall way Fl-score #95189uldluuna 5
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Contusion Matrix Normalized

Offset

os

06

Predicted
Flexo

background

5U% 4.3 Confusion Matrix kuu Normalized wansenamuusiugilusiuuiosas

g‘dﬁ 4.3 uanaunuam  Normalized ~Confusion  Matrix * Faianssagwsvesluing
YOLOVS ‘lumsduunaanniduuuu -Offset 3o Flexo lpauandluzuwuures dadu (Souaz)
LWYUAIUIUITINAINAEITIUA ArULLLAILEEn (Diagonal) A 1.00 Hslu Offset uay Flexo
NURIANULLUGTUNITTLUAYINAY. 100% - lifiAranufianain (0.00) TudilwAusuenug
vues Lansilunaliinnsduauseninsrata n1s Normalization dthelsidiudainluna 1l
Bias siopandlnnananils uazyineuldedsariae Anvanilaonndestuna Precision = 94.6%
waz Recall = 92.1% filFannisiasgidaunsnluund 5 wastreduduirlawa YOLOVS &

ANUngaulunsituasInusTuURnaain [781[12]

4.4 N15IATITIUSEENSNINLHLAE
nAUsEaNS A MTLE A1 Precision, Recall Was Fl-score wamsmemuLiusuay

ANETavedliaalunInTIRTvaaIntieggnes witsliaunainvaievetainansluiu

(%
I

Uarlunalilaeaulmme noise 3NNURINITAUN

A9 T

¥
Y [

Aslsalufanawudlduveswndindisdsuaianusiulaveduna:
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26 Fl-Confidence Curve

—— Offset
Flexo
all classes 0.29 at 0.088

0.8 4

0.6 4

0.4 4
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0.0 0.2 0.4 0.6 0.8 1.0
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Uil 4.4 n 1 F1-Score Wieuiflsunmansiadusewinenand OFFSET wag FLEXO

JUA 4.4 uanansanmnuduiussening Fl-Score wag Confidence Threshold luns
AT193UINgUadlilaa - YOLOVS dmsuaain 2 Useianae Offset wag Flexo
wnu X deArranudila (Confidence) fiaua 0813 1 upw Y AeAa Fl-score Faiduanans

Y1379 Precision way Recall @UaMwasdduLanINaUILLAaTAaNE A ULEUEARBALRAYTIY

(all classes) annsmagiiud:. NdespaalidnwuznsMpa ey uazlyngsan (peak F1)

=

Tutiag Confidence ~ 0.1-0:2 Anladesi! (all classes) wana F1-score gaani 0.29 duislutia
Confidence 7iusgunas 0.088 ﬂi’ﬁ/\lﬁ’a’\miﬂﬁaaﬂﬁﬂ confidence threshold ﬁquﬁzamﬁQW Tu
m3 deploy lupalilfeiuase wudons il F1 gean nswidasfusuhssuuiimauenuesit
Offset waw Flexo lamuslugag confidence s warfinumsiuglnesauivangausonisiday

Tuanawrudnlud@ [71112]

Precision-Confidence Curve

Offset
Flexo
——— all classes 1.00 at 0.292

Precision

0.4 o.6 o.8 1.0
Confidence

gﬂﬁ 4.5 N5 Precision-Confidence Curve ¥adluwma YOLOVS
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UL 45 wansnsmanuduiusseninemauuiugl (Precision) Auszduanusile
(Confidence) vasluaa YOLOVS dmsumsiniunaaindssnaia lawn Offset (1duiln) uaz
Flexo (dud) unu X Aerrausiulaveanisviiung (0.0-1.0) wnu Y Aeen Precision #3081
msvegnidleliadnduls dudiitudafestadony @l classes) 34l Precision =
1.00 71 Confidence = 0.292 9NN NaMTadRALET: Leufindn confidence a¢lé precision
a9ty Tnslannzidle confidence > 0.2 fapsnanaiidnusidundiofu agviouilunaaunsn
$uunts Offset waw Flexo Iednmusludhaniane qadnenauiiladl ~0.292 deinduga
wianzaslunslianaie iioenn precision aglusedu 100% nsmidusslevidents fvun

Threshold MaNg@ua1rsuUNTHISHBURRINRANAIALUUIS8a bsTlussuy PLC/GUI [71[12]

= Recall-Confidence Curve

Offset
Flexo
= all classes 0.95 at 0.000

o.8

0.6

Recall

0.4 4

0.2

0.0 0.2 0.4 0.6 0.8 1.0
Confidence

g‘dﬁ 4.6 N5 Recall-Confidence Curve wa1luina YOLOVS

SUT 4.6 uanansIAEUSsEINaAn Recall waz Confidence Thresholdweslua
YOLOV8 dmiumssiiunussiamaan Offset Lay Flexo unu X Aeriausiula (Confidence)
faud 0.0 §¢ 1.0 unu Y Aean Recall svaneds arannsnlunsasaduimun naaindi
Asargnnsrany dudihuasdduuansuauesaana Offset uag Flexo mudidy idudtiiudy
Lﬂuﬂ'%aﬁammnﬂﬂma Fail Recall qqqmﬁ 0.95 iile Confidence = 0.000 NATIHAZLTUD:

Recall gegailie confidence funn (~0.0) ins1wlanaliingaaddnesn wWiekiiaen confidence

[
=

il precision 9£ATY WA recall aRAITALIY YAANARTENIN precision waz recall AITHINTAN

S Fl-score (U7 4.4) wen1sandula nsmildieeSune trade-off semine msngiaduasu
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(Recall) wag N13MTI9TULLIU (Precision) teLdeNAfnA (threshold) MmanzauiussuuITe WY

TuanenunsisaeuaaIndmlud® [718]1[12]

Precision-Recall Curve

1.0
—— Offset 0.200

Flexo 0.197
= all classes 0.198 MAP@0.5

0.8

0.6

Precision

0.4

0.2

Recall

U 4.7 A3 Precision-Recall Curve uansn 1siIguLfigulsninuguiug

UL 47 uans nal Precision-Recall Adliinpnaidiniugszning Precision (S
yhunegrludsilunatule) wou Y Recall Brsmnismsanduiaminuesaaaiiviie) unu X
wunsmlwanawadmsuisiazaaia: wduan: Offset — 1A mAP =.0.200 Luddw: Flexo - T
A1 MAP =-0.197 Wdutiutiu: Aadesumnaaa (All Classes) = mAP@QS = 0.198 1nnT W
fannsodunldin: fsaosnadlyl nadwsadnendety laoiian Precision gelutin Recall 1

adaThreshold Mwnzaumsidenlvaunaszniny Recall wag Precision’ mAP@0.5 = 0.198

>

U9 linaausansIvduaaniflussauiugiu wasdausonauiiuiuls Wy nsiuye
¥ A U a dyd L3 a o a o U
ToyawmsurizeUTumaiiweluwansiliivselaviinntuaniddsigenamnssudmsu
AATRUsEANEA I NlLRALAEAIIsaNlunnslgURseiuRaaIn  Flexo/Offset #191aiiAny

Fudauvegaduasmwuannaiy [6](7][12]
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4.5 N15ATITAAUNLS Bounding Box

MNARLURARINTNTEIBVBIAUMUS Bounding Box MLalAaRTIINUIMNYATBLATI T
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U 4.8 uananisilasiidisaiaves Bounding Box #ilinma YOLOV8 asiadulsluzge
foyanaaey uvadu 4 duvdn:  Bar Chart (vudhe): wansdwiuduainudvesaainiingIadu
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Scatter Plot (f19978): haAININTEAVBIUNLIAAUEINATI8Y Bounding Box lu
Wnm normalized (x, y) wuiinnsnszangethaialuitudinm Sﬁayjaﬁ%ﬂuLmalajﬁ%ﬁmlﬂé’q
sunslonudivey

Histogram  (UN¥31):  WAPSATULILULYBIIUINAIINNING  (width)  WazAdINEs

a

(height) 984 Bounding Box lngaqulngjaznseyndilumivansauivuinvesingasiluaain

o

Heatmap (619937): Faedudupnunuiuiuvessiiunianinisasisduies 1Jugadidey

lun1s189n Feature Map %39 Anchor Strategy wniin1susunasluLng
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4.6 N15AATITHAMUFUNUSVDIANUILAZVUIA
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PnAmamsadunaladn Wdm X way Y 98 Bounding Box danuduiuslulgenuia
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Bounding Box vedusazn nilaimvainuaty werliifumneiy anuduiussenine xy uway

I

width-height  uansdumsnszateuuugy  nunedslumalidndedunimsinduianizynvse
lwWzUInle waansilagyiouin YOLOV8 @1mnsaa519 Bounding Box tasgrsnainnany lngld

a . A A =& & Y a ° a ¢ aa 1
LNA Bias MINWAAKIDYUIN %ﬁL‘LJU‘U’equmiuﬂU‘lJiz‘c’gﬂm Uﬂ']WWﬂJWQa']ﬂVmﬂ'ﬁ'J'NLLazﬁLﬂa‘LN

LUUOU



55

4.7 fpdrnmilnrasugndeuazianann

WioUsudfiuuszavsnmeedlinaa YOLOVS Tunisasyaduaainainaimiiuriade lafins
Anszinmmadndneiinansatuldgndes  (True  Positive) uaziluaansndufianain
(False Positive %38 False Negative) 9nfegnsninanuisawiulain lunaanunsansaaduaain

IowiugmsaainUsenn FLEXO wag OFFSET laglignsuniuainainaievasiiumas

sU 4.10 fregranmiilinansaaduaain FLEXO wag OFFSET leaerausiuen

awlugUil 4.10 uanswan1svihemvodaiag YOLOVS fiannsansiaduainaieaainan
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aviBauazdeuviuiluyg 90° / 75° / 45° / 15° Tuinadunsouenuesaniuang1aues pattern
udfeilanuadefuas uenani duaviiusnglu bounding box (Wu 0, 1) Manefs Aana

9932a1n nT195ULE Fansaiunisivun label Tu YOLO dataset (0 = OFFSET, 1 = FLEXO)

Tngldiinanuduay
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3U# 4.11 f798719M130529URANAIAUINEININYA Validation
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4.9 nsWeusaiu GUI uag PLC
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meynafisesiunis@ensiedu PLC levanesu  deyaifesioniiu TCP/IP sewina Python
(YOLOVS) wag GUI vhlsfannsaviiuiuuSealnfiaglaiifieg  ssuuisessunmsauauaidlu
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Label
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v

YOLOvS

Al Model PLC
Display / > Machine
Interface Control

SUT 4.15 UWHUAINLAAIN TNTILVBITEUUATIAABURAINKUUEALUITRAY
YOLOVS uagn15A3unuE1u PLC
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= dll (% a 1 = 1 [y} 1
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[Su3un Display / Interface (GUI) Ragnsn193tAT1EMa1n- YOLOVS zgnuaninaluntinge GUI
dwsuliuywdnrivaey  visedwiateyaludessuuniuan  PLC  (Programmable  Logic
Controller) tlonuaufiaund suuardsidluds PLC ilesiliunsneuauss Wy eaiaTes

, Wndyyranmou wiaUaeer1u Machine Control PLC 9zmiuAugunInin3aLAseddnsassly

ANUNITHEN WU AIUANEIENIY, HIUNA TYANEYARAINSNLUIIR
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szuviltglinsnsaaeununnaantunszuunsianluluogns wiudn sa57 uae
lidpafiamuyed  anveads  waziiuAuaunsalumsmuAuaunkuuseatndlulssnu

9NEMNTINBIRTLE (Smart Factory) lepensiiused@nsaim.

4.11 narswlSesuisunulunady

WeaUssiiulsyansnmuaaliaa YOLOVS agraduszuu adinsilSeuiisuduliima

' '
A =

aunienliluauiuningiaduing laun YOLOVS, Faster R-CNN waz SSD lagfiansaunen

UseanSamuan Lawn Precision, Recall way Fl-score Faua@nInalaniuns naiuana

¥
v A

NNIMLLIALT YOLOVE: firdadinlausiugeiian lneianiza1 Precision uag Fl-

a o

score  MAlENINIAADUREINIUYEIAY  LAAIDIANLAINITOIUNITATIVIURAMNUUNUAG

o

Fudaulses1stiUuszansain luvnendeassnsanusilunsussananalas

- Performance Comparison of Object Detection Models

B Precision
B Recall
Emm Fl-score
90¢ 88.6 |
85} 84.2
.t 82.8
§ 80+
o 764
o ~-
w75} P 74.3
13
70} B n%
66.7
65.6
65t 64.5
60 L ‘ i A i .“—L i
YOLOvS YOLOv8 Faster R-CNN SSD

JUN 4.16 nemiiUSeuiiguAtmuuiugn Recall wag Fl-score

Y2IlAANTIITUIRgUAaTUTELAN

&2 = Y o 1Y £%4 - = " 1 ¥ o e ¥ (8% 14
enastiluenansnanubidmiunisidauiensnyivingu lieugialrmhluldusslevdimunise

Lidnnsdllaqsau Snvvinudividauwlasiion wazseeg1sdedadivesenaisynasaninisunlule
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YOLOVS #uszdvSamlnesiuanianlunii@in laeianiza1 Fl-score gede 87.3%

WaRITIANIANAATENINANNMINEN  (Precision) uazAuATEUARY (Recall) YOLOVS i

'
[J o

UszanBnnsodasun widinindn YOLOVS eesiiiuddny Faster R-CNN waz R-FCN ilvina
wiugsgiuUIuna1e uadindl YOLO SSD fiusz@nsnmeniign wnziunuiifenisaiuss

L LI AL kI 1EN

4.12 AITIATIZRNTANATIVIURA

[
v v Y |

wilaaa YOLOVS agilanuuiuggelunsnsizduaainaingmiiinunasdudou wad
= A v a = ! Y @ A v a
furensdlnlunansiaduianain Fauuseanlditu 2 Ussianndn s n9133URAA (False

Positive) wagliaansans193u (False Negative)

v
o 1 = [ A a <

f19819794 False Positive laLAnIsAlAAaNSI93uUNU N eI ot uiRaLtduaann

q

a

FLEXO %30 OFFSET luatus False Negative ininnduiileaarniianvus@naluseiiainaney

A (% dy v a
naundunutiurasnAuly

UM 4.17 fegranmiliin False Positive uag False Negative nyavayanaaey
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Y] <
4.13 N139AANUSINAE Latency UBITEUU
nisludalmuSouues YOLOVS Aomaduiiilunisussuianadanuisaudinsuany
ASI1FDUBLUUBEALNI INAISNARBINULN STUVEILTRNSIvaaUNmLAazlsulan1eluian

=

lﬂl a aa g (-7 o U ﬂﬂl
wAgUsENn 12-18 TadIunil YusgiuruInresnnuazdwIningnusng

Wosunamglun1ssunn, UYszanana YOLOVS, wiaswadnsidu JSON wazdaniu
TCP T8 VBINET 59u89d997u PLC 61 MX Component wulnsguuanunsanevausslanigluy

nawsaulaiiu 1 3un9

JUN 4.18 Megunminsiadeudiianiglussesnainmunzauiunslduais

4.14 N15IATIZVTINUTLNULHY

.:4' v v a a ° | o a4 1 o vl a ¢ a
L‘W'e]i"ViLGU']IGUWqG]ﬂﬁill‘ﬂ@ﬂilll;@ﬁiﬂﬂ'ﬁlﬁ@ﬂﬁ']LLVIU\‘iﬁi'JQQ‘UV]LL@JU'EJ'] lﬂllﬂ']i'JLﬂi']g‘ViLsUQ

' '
a

HuinEnluAMTINveMNARIE 21NAINAIIUNUILUUYBY Bounding Box WU U
Aanansuazrsuanvaan miduiuniifinsaduvesiign Wessnduuinafdniaainegass

AUFULUUYRIENENIUN TN
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n1snszangilaenndesiudeyaninuduiius (Correlation) seninedifia X, Y, A31uning

¥

WazANgeUad Bounding Box lnglifianuduiusinuniiienausiifients bias vesluaa
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5UM 4.19 AamuILUNYaIAIUYLS Bounding Box #1ns3aduainnniiavia

4.15 nsANELANIZYAIY

o

Tunsa@nenilainisnegavaalnfieNuAd18Aa I WsENIN9STUU FLEXO way

g &

OFFSET Tneamwglunundnunandudlndifesiy nausngillunadsaunsowenissinvves
aanlaegagnaesmenImiulagg

sslUluaninaansvesn1 39719 ugnNURlseAUAINTIMIYET WU IARNLUaE

aa1nLUe wazdl noise UURaIN FuduaniunisainintuasaluananiIsuan
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1 = . Aa = ° Yo v Ay v v
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JUN 4.21 fpgranniididvlivuanin wissuudianunsansiadulagndes

AMTUANIAIDEIIVDRAINTIN FMTUUNURIYID pattern 189 dot matrix Fso1aLAn

2 =2

9n: msfiailsiasysal wiinnsgareliaiiane nismnmesviln (dot drop) wde defect 31n
wiesiial WU edlaiiusevneusieides  wizlieuiaunfniensliauysailunm
wianil Tuiea YOLOVS fisanansn: seysumisvasaanldognsgndas e Bounding Box ey
AaNd OFFSET 3o FLEXO lawdugh Wil false detection v3evgan13nsiadu (missed

detection)
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System Overview
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5.1 @yUwansie

NMIHNLaznageuliwa YOLOVS meyateyanain FLEXO way OFFSET ﬁgﬂ
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False Positive (FP): nsaiflutnansassuaaan OFFSET 310y FLEXO vaitasslalla @
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AMARNUIN AN.

fegralannisudasandann RGB Tuilu CMYK
def rgb to cmyk(r, g, b):
""uUasA19n RGB (0-255) Tidu CMYK (0.0-1.0)""
if (r, g, b) == (0, 0, 0):
# NIQl@ean
return 0, 0, 0, 1
r prime.=r/ 255.0
g prime = g/ 255.0
b-prime =b / 255.0

k =1 =max(r prime, g prime, b_prime)

c=01-r prime-k) /(1 -k if(l-k!=0else0
m = (1- g prime - k) /(1 = k) if (1 - k) I=0else 0
y'=(1-b prime - k) /(1 - k) if (1 - k) I=0else O

return round(c, 4), round(m, 4), round(y, 4), round(k, 4)

# A19819NIT NI

r, g, b =180, 90, 30

¢, m,y, k=rgb to cmyk(r, g, b)
print("CMYK:", ¢, m, vy, k)

o

Taadlddnsunuasrd@ann RGB (Muneun naINnNasd) LWes CMYK (angfuaunan)

=

lngdinsnsiadunsaldnmiiiay wazanansmhluldiumsieneinmaaniiednanugndesues

yuaikazvan s
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AMARNUIN V.

fhegsmadeyadliiin  YoLOvSlumenuniuansiregrsndeyanmiilddmiunisin
Tuwa YOLOVS witevihnismsanduaain CMYK tneusgneudelidninuaglng annotation &4
wARIFIRazUSEnNYRRAINuas UssLaminsaanulunn

$198190 % image 001.jpg, image_002.jpg, image 003.jpg

YUINAIN: 640 x 640 WA

IuUAAE: 4 Aand bokA C, M, Y, K

$19879 Annotation (YOLO format):

00.5120.436 0.2100.190 «— class 0 = C

1 0.722 0.550 0.155 0.160 <—class 1 =M

dsdmsunisilnluma YOLOVS

Fuansilusegiddsdniunmsinluea - YoLovs Tl lwdsavuannsiiines
args.yaml uagfvunm epochs, YUIANTH, kagduviavelidvoya

# FdFin YOLOVS

yolo  task=detect mode=train = model=YOLOV8n.pt  data=dataset.yaml
epochs=100imgsz=640 batch=16

# f79819 args.yaml
task: detect

mode: train

model: YOLOV8n.pt
data: dataset.yaml

epochs: 100

imgsz: 640

batch: 16
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AMARNUIN A.

NANIYIAABIAUIINNISRALULAE YOLOVS
Haansa1nN1sHNlumEa YOLOVS wandluguvedlild log uagdsing o wu Aduwiugl
(Precision), N155¢8n (Recall), A1 MAP50 wae mAP50-95 TaudieA1AuanLde (Loss) Nanas

AINTIUIUTOUNISEN (Epoch)

Epoch | Loss | Precision | Recall' | mAP50 | mAP50-95

1 | 0735 | 0.520 | 0.460-|-0.430 | 0.250
25 | 0315 | 0812 | 0.805 | 0.790 0.620
50 | 0:210/ | 0.910 ] 0:894 | 0.875]0.720
75 .| 0.160 ] 0.942 | 0.938 | 0.930] 0.790

100~ |0.125 ] 0.961 | 0.958 | 0.950 0.820
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T GUI uazszuuilomdsldnduarsiidusiedns GUl Ailfdmiunanmanisnsiady
aanuaznIsdeuseiuszuy Al Tnedeudieniw Python $aufulausns Tkinter waz OpenCV

import tkinter as tk

from tkinter import filedialog

import cv2

from ultralytics import YOLO

def detect image():
file_path = filedialog.askopenfilename()
img = cv2.imread(file_path)
results = model(img)

results[0].save(filename="result.jpg’)

root = tk.Tk()

root.title('CMYK Label Detector)

tk.Button(root, textz'LﬁaﬂgﬂmW', command=detect_image).pack()
model = YOLO('best.pt')

root.mainleop()
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Machine Learning Approach to CMYK Label
Identification through Screen Angles

1* Chitsanuwit Ar-Karachaiphong
School of Ingincering
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Ladkrabang
Bangluok,
62601 125@ kmitl ac.th

Abstract— This research proposes the application of Al to
verify the origin of CMYK label that is used in rented machines,
focusing on two printing methods: OFESET and FLEXO. The
system employs color patterns and screen color angle
verification to ensure sticker authenticity. The paper applies
RGB color sensors and imaging cameras, the system converts
RGB daia into CMYK for label validation. This process
incorporates object detection and  classification iechnigues
based on deep learning algorithms using Convelutional Neural
Networks (CNN) developed through the YOLOVS framework.
The developed model is integrated into an automated system
connected to the machinery for real-world applications,
Experimental results demonstrate that the system accurately
distinguishes between OFFSET and FLEXO printing methods,
enhancing compliance with lessor conditions in the labelling
industry. This approach further highlights the potential of Alin
decisi Ling and hine control autemati

Keywords— Machine Rental, Al, CMVEK, OFFSET
Printing, FLEXO Printing, YOLOx8, Convelntional Neural
Networks (CNN), Printing Indusiry.

1. INTRODUCTION

Lhe rental of sigle-purpose machines, particularly 1 the
label printing industry, faces challenges when customers
violate agreements by usmg third-party materials. This results
in revenue losses for lessors and highlights the inefficiency of
traditional manual verification methods. This research aims to
develop an Al-driven automated system to verify label
origins, focusing on OFFSET and FLEXO printing methods
111[2]. By leveraging RGB sensors [4]]5]. CMYK conversion
16], and YOLOv8-based deep learning. the system ensures
compliance by stopping machine operations il label [fail
verification [8][10][11]. Proposed technique collects data
using RGB sensors, processes it through CM YK models, and
applies object detection via CNNs [7][8][10]. Integrated with
rented -machines, this approach automates verification,
enhancing accuracy and operational efficiency. This solution
addresses  key industry challenges while advancing
automation in the label printing sector

TI. TNDUSTRIAL PRINING TECHNOLY AND THEOREM

A, Flexographic Priniing Process

Flexo printing (flexography) 1s a direct rotary printing
process utilizing flexible relief plates made from
photopolymer or elastomer materials [3]. These plates transfer
low-viscosity ink into substrates threugh a printing eylinder
(commonly referred o as a plate cylinder) mounted with
adhesive tapes designed for optimal height and compression.
Ink is delivered to the system wia an ink supply unit, often
through ink pumps. The ink is transferred to an "anilox" roller,
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2™ Farzin Asadi
Department of Computer Ingineeving
Ostim {echnical University
Ankara, Turkiye
zilcmd farzinsd@gmail.com

3™ Asst. Prof. Dr. Krit Smerpitak
School of 'ngineering
King Monglut's Institute of Technology
Ladkrabang
Bangkok, Thatland
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which is equipped with a doctor blade to remove excess ink
from its non-engraved surface. The volume of ink transferred
depends on the cell volume of the anilox roller,

Flexible printing plate

Mounting
adhesve tape

Wetering
doclor blade

Pri Printing substrate
pressure

B Anilgx

Ink pummp ‘
g roller
b
Tnksupply S o=
chamber

Fig. 1. Schematic deseription of the llexographic printing proeess |3 |

B CMYK Color Angles in Standard Sysiems

The CMYK printing (Cyan, Magenta, Yellow, Black) [4],
screen angles are defined to manage the dot alignment for each
color. These angles are crucial for mmnimizing moiré patterns
caused Dy overlapping screen dots. The human eye is
particularly sensitive to repetitive patterns when dots are
aligned along vertical and horizontal structures, but less so at
45 Thus. in traditional offset and letterpress printing, the
darkest color (black) is set at 45°, while the lightest color
(yellow) 1s set at 20° The remaining colors are positioned at
30° intervals from the darkest: cyan ar 15° and magenta at 75°.

As flexography has evolved into a high-quality printing
process capable of replicating halftone separations, the
traditional screen angles had to be adjusted. This i1s due to
potential interference from the engraving angles of the anilox
rollers, which can cause moire effects. When considering the
engraving angles of the anilox rollers, midlines formed by
these pattems must also be accounted for and avoided.

OFffset Anilox Flexo -7,5%

90*

75

W

L

Fig. 2.8ercen angles in [exography [4]
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Fig. 2 shows Consequently, the screen angles in
flexography are rotated by -7.5°, resulting in the
following:[4]

s  Cyan (C) 7.57

e Magenta (M): 67.5°
*  Yellow (V) §2.5°
* Black (K): 37.5°

For comparison, the standard CMYK screen angles in
offset printing are:[4]

¢  Cyan(C): 157

*  Magenta (M): 75°
«  Yellow (Y) 0°

¢ Black (K): 45°

Cell Opening, 60
Diamefer &

Lig. 3. Amlox roller cell geemetry paranncier and typical cell engraving
angles [3]

These  adjustments  demonstrate  the flexibility  of
flexography in overcoming limitations associated with
traditional printing methods while enhancing print quality and
precision.

(. Applicarion of RGE Celor Sensor and Camera for Label
Verification

To ensure the authenticity of labels, an RGB color senser
is used to measure color properties, while a camera captures
images to create a dataset for training AT meodels. The
combination of these technologies provides an effective
system for color analysis and object recognition n label
verification [1][5][6].

RGB CMYK

Fig, 4 RGB and CMYK color models .
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RGB to CMYK Color Conversion: The RGB to CMYK
conversion process involves the following steps:

1. Normalize RGB values:

Convert the RGB values, which typically range from 0 to
255, inte a normalized range of 0—1:

R== =2 B=Lt (n

2. Calculate the Key (Black) component: The Key (K)
component represents the darkest color and 1s calculated as:

K=1-max(R’ ,6" ,B") 2
3. Compute Cyan (C), Magenta (M), and Yellow (Y)
components: Using the normalized RGB values and the Key
(K) component:
C=1-KI=R'-K, M=1-K1-G'-K, Y=1-K1-B'-K (3)
4. Handle special case when K=1K = 1K=1:

If K=1K = IK=1 (pure black),

then C=M=Y=0C =M = Y = 0C=M=Y=0.

e— Nogeser

L CMYK

Tig 5. RGB.and CMYK eolor space [3]

These equations transform RGB color values into CMYIK,
the standard model used in the printing industry, ensuring
aceurate color representation for label verification.

D YOLOVE: Advanced Object Detection Architectre

Tig. 6, YOLOwR Network Architecture [12]



I'he architecture is divided into three main components:
Backbone, Neck, and Ilead.

1.Backbone: The Backbone is the foundational part of
YOLOvVE, responsible for [eature extraction from mpul
mmages.CSP-Darknet (Cross Stage Partal Darknet): Utlizes
CSPNet 1o minimize data duplication and compultational
complexity.  Convoluttonal Lavers: Employs muluple
convolutional layers to extract features across varying detail
levels. Ulti-scale Feature Extraction: Caplures features from
small and large objeets clfectively, supporting multi-scale
detection

2.Neck: The Neck refines, and aggregates features
extracted by the Backbone, enhancing detection
accuracy. PANet (Path Aggregation Network): Combines
features from multple Backbone levels for richer
representation FPN - (Feature Pyramid - Network): Merges
high-resolution and low-resolutien fcatures Lo balance spatial
and  contextual  information.  Context  Information
Augmentation: Improves spatial understanding and context,
enabling detection of everlapping or complex objects .

3.11ead: The [lead performs the final predictions for object
deteetion tasks. Bounding Box Prediction: Uses regression o
determine object positions within the image. Class Probability
Prediction: Applies SoltMax or Sigmoid functions o classily
detecled objects. Loss Tunctions: Opumized [or accurale
predictions threugh the following components: Box |.oss
Measures bounding bex poesition accuracy. Class Loss
Evaluates classification correctness,  Objectless  Loss:
Hstimates the likelihood of a pixel belonging to an object
YOLOw8's medular structure and advanced feature extraction
capabilitiesmake it a powerful tool for real-world applications
in object detection, segmentation, and pose estimation,
offering a robust balance of speed, accuracy, and scalability.

E. Machine Control System
1. Image Processing and API Development Using Python

Python serves as the core for image processing and
computational tasks. Leveraging YOLOw8, a pre-trained
object detection model, Python processes images [rom a
camera, identifics objects, and gencrates output data in ISON
formal via an APT [or further interaction with the GUL Python
is well-suited for this task due to its simplicity, versatility, and
strong support for Artificial Intelligence (Al) and data analysis
applications, The processed data is easily accessible and
transferable,  facilitating  seamless - integration  with
downstream systems. Key Steps in Python: Image Analy sis:
Process images with YOLOVS to detect objects.

Generate JSON: Convert detection resulls into structurcd
JSON [ormat.

AP! Cominunication: Send JSON data to the GUIL for
visualization and machine control.

2. GUI and Maghine Control Using VB.NET

The GUI, developed with VB.NET, receives the JSON
data [rom Python's API, displays (he detection resulls, and
1ssues command (o the Programmable Logic Contreller (PLC)
using the MX Component library.

VBNLT, an object-orienied programming  language,
provides robust tools lor developing desklop applications and
is well-integrated with NET Framework, enabling efficient
communication with external devices like PLCs;
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Key Features in VB.NET: Data Visualization: Display
real-time detection results from JSON data.

PLC Communieation: Utilize MX Component to send
commands or receive feedback from the PLC.

3. PL.C Integration with MX Component

A Programmable Logie Controller (PLC) 1s used 1o
control industrial machinery based on commands issued by
the VB.NET application. The MX Component library
simplilles communication between the VBNET GUIL and
Mitsubishi PI.Cs via protocols like Ethernet, RS-232. and
UsB

Advantages of MX Component: Simplified programming
for machine control. Reliable communication with P1.Cs for
real-lime operation.

Ovwerall Workflow: Python processes camera images with
YOLOvR, delects objeets, and gencrates JSON data via an
APLVB.NET GUI regeives the JSON data, displays results,
and issues machine control commands MX Component relays
commands to the PLC, enabling precise machine operation.
‘Thisintegrated approach combines Pyvthon s analvtical power,
VB.NET’s user mnterface capabilities, and PLC’s industrial
control reliability, ensuring a streamlined and efficient
machine control system.

IIL IDESIGN AND IMPLEMENTATION

This propesed technique 1s divided mto four main stages
as [ollows:

1. Flexo Printing and RGB to CMYK Conversion
To understand the properties of Flexo printing and the
process of converting RGB values to CMYK for label
verification
Procedures:
1. Study Flexe printing processes, such as the use of
C8P-Darknet and multi-scale feature extraction
[3114]
2. Analyze RGB to CMYK cenversion

Tools Used:
e RGRH color sensor (c.g.. TC834725) for color data
collection

e Camera for capturing label images,

Tig. 7. Flexo Printing and RGB 10 CMYK. Color.

2. Development and Training of YOLOvE Model
To develop an AT model for object detection and image
analysis:



Procedures:
1. Create a datasel by eapturing images of labels and
organizing them appropriately.
2. Train the YOLOv8 model lo perform:
o TFeature extraction with the Backbone.
o Teature refinement using the Neck (TPN
and PANet).
o Prediction of bounding boxes and object
classes through the Head.

Tools Used:
*  Pythen soliware and Py Torch hibrary [or model
development.
+ A computer with GPU support for processing.

3. API and GUI Development
To create a svstem that eonnects the Al model to a user
interface for interaction.
Procedures:
1. Develop an AP using Python te output YOLOv8
results as JSON Data.
2. Create a GUI using VB.NET to display JSON Data
and send machine control commands.

Tools Used:

s Python for APl development.
*  VBNET for GUI development.

4. Machine Contral via PI.C
To control industrial machinery through the GUT and PLC.
Procedures:
1. Develop a GULin VB.NET to interface with MX
Component
2. Use MX Compenent to send control commands to
the PLC.
3. Test the system by verifying the machine’s
responses fo commands.

Tools Used:
+  Mitsubishi PI.C for machine control.
*  MX Compenent library lor communication.

Data Collection and Analysis
1. Data Colleetion:

o Capture images using a camera to build
the dataset.

o Record RGB to CMYK conversion data
and YOLOVS detection results

2. Data Analysis:

o Use loss functions (Box Loss, Class Loss,
Objectless Loss) to evaluate model
performance.

o Testthe aceuracy of the APL GUI, and
PLC system by validating the machine’s
operational outputs.

All procedures aim to integrate advanced technologies
1o develop an eflicient automated system for verilying and
controlling machinery in the printing imdustry.

Fig, 8. Data Collection and Analysis,

TV. EXPERIMENTAL RESULTS

Fig. 9, Resulls: Ollsel and Flexo.

The expernmental results are presented and analyzed
below using various visualizations and metries o evaluate the
performance of the proposed model. The following key
oulcomes were obscrved.
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Tig. 10 Instance Distribution.

1. Instance Distribution

The bar chart demonsirates that the dataset 15 balanced m
terms of the two primary classes, Offset and Flexo, each
containing approximately 2.000instances. This indicates that
the model training was not biased towards a particular class
due to class imbalance.

Fig. 11. Feature Correlation,

2. Feature Correlation

‘The correlogram provides insight into the relationships
between the features, such as x, v, width, and height, The low
correlation between most features suggests independence.
which can be advantageous for model generalization.

L,

Fig 12 Confusion Matrix

3. Confusion Matrix
Ihe confusion matrix highlights the true positives, false
positives, and false negatives:
e High true positive counts [or both Offsct and Ilexo
classes.

e The background class exhibits some
misclassifications, with a significant number
of false negatives.

The normalized conlusion matix conlirms that the model
achieves 100% accuracy for the Offset and Flexo classes but
struggles with distinguishing the background.

— ot

T

Fig. 13 Fl-Confidence Curve

4. Fl-Confidence Curve

The Fl-Confidence curve peaks at 0.29 for all classes.
mdicating subopumal performance at higher conlidence
thresholds.  Class  Offset  exhibits marginally  better
performance than Flexo,

Prezsicn Goatigence Curve

ORI
Fig. 14, Prevision-Confidence Curve

5. Precision-Confidence Curve

Precision improves steadily with confidence and reaches
100% at a threshold of 0.292. This suggests that the model is
precise when predictions are made with high conlidence,
albeit al the cost of reduced recall.

ot o0
P 6167

 aiasime 0 g

Fig 15 Precigion-Recall (PR) Curve
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6. Precision-Recall (PR) Curve
The PR curve shows:
«  Offset achieves a slightly better mAP@0.5 (0.200)
than Flexo (0.197).
o Overall mAP@0.5 15 0.198, refllecting moderate
model performance with reom for improvement

i o et i oz metncecians) metrcwrecaim
17 I 1

s
Fig 16. Traming and Validation Loss.

7. Training and Validation L.oss

The graphs below depict the loss functions (box, class,
and DFL) for both training and validation processes, along
with metries like precision. recall, mAPS0, and mAP50-95
over 100 epochs. The consistent decline i loss value
demonsitrates effective model trainmg. However, the shght
fluctuations in  validation  metrics highlight potential
overfitting at higher epochs.

V. DiscuUssioN

"T'he model performs well for identifying the Offset and
Flexo classes, as evident from the normalized confusion
matrix and IF1-Conlidence curves. However, 1t struggles with
the background class. leading to lower overall performance
metrics.

Compared o simlar rescarch:
e Advantages: The balanced dataset and low feature
correlation Iikely contribule o betler encralization.
The high precision at higher confidence thresholds
demonstrates robusiness i aceurale predictions.

e Limutations: The lower mAP@0.5 suggests rooni
for  oplimization. particularly  for — reducing
background misclassification,

Limitations and Improvements
The following limitations wereadentified:

1. Background misclassification: A significant number
of false positives and negatives for the back ground
class

2. Low overall F1-Score: Indicates that precision and
recall need improvement.

3. Confidence  threshold = tuning:  Suboptimal
confidence thresholds may affect performance.

To address these issues, future work could explore:

e Dala augmeniaton techniques to betler capture
hackground diversity.

¢ Hyperparameter optimization for threshold tuning.

e Integration of advaneed loss funetions such as focal
loss to handle class imbalance in predictions.

VI.  CONCLUSION

The study reveals that the mode] achieves high precision for

Offset and Flexo ¢l

ss but struggles with background

classification. as shown by the confusion matrices and PR
curves. Overall, the model’s performance metrics, including

ndicate moderate  clfecliveness with  clear

opportunities for enhancement

i

12]

13]

[4]

(51
16]

7]

18]

121

]

L]

2]

Future Work

1. Enhance the model’s ability to distinguish the
background class through advanced training
sirategies.

2. Incorporate additional features or modify existing
ones Lo mprove overall correlation and predictive
power.

3. Dwvaluate the model’s performance on larger and
more diverse datasets to ensure scalability and
robustiness
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