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Keyword: Artificial Intelligence/Image Processing

In automotive parts manufacture, the quality of the products is the most
important issue for a manufacturer. This research presents the design and
development of an intelligent vision module classifying the defects on object surfaces
using image processing, artificial intelligence, convolutional neural network algorithm
as if using human vision. The developed prototype was a neural network-supported
computing system for classifying the defects on the surface of black car jacks of
10x10x19 cm (W x L x H) in an environment with specific brightness. The test result
was the average precision of 95.6%, success rate classification was 96%, showing that
it could detect defects on the four types of surfaces previously specified in the Deep
Learning process. It could also detect more than one defects on the same object in

real time without underfitting or overfitting problem.
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yox #8086

%7
L \
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7%
JI%

Q8% mAP: 81.3

mAP

0 10000 20000 10000 40000 0000 60000 70000 wOOC0 Y0000 10

Iteration

gﬂ‘ﬁ 2.6 Uszavsnmlupand@inyinismsuils (iun: OMAR MOURED, 2020)

2.3 N15UszUaNANTN

A v a =

N15USEUNANANINAD A5n151T09anas Nulun 1IN INLIUSEINANALAIAINAA NS
& P )
2NLUUDNNIN FIUTENBUAEY

1) NMIUARIHA LTU N1SUARINABBNTAae CRT/LCD n1siueaniila3 esusiuuy
LALes USBWUUNINALN

2) maidsuuUasiaznisuiluniw wumsmnuasm msfadowsluniw

3) nsusuUgsn iRty Ly n1sUSuaTwadne nrsvilininesda nnsvilnng
swasdon wnTuniid

4) nMIAUNIBIAUTENaUNTaNYMEAUA1ETUAIN LU NITAUMIVOUAIN NITAUNY
uuvesing nsataiAndnvrvesiuRIvDINN

5) nsdudaam unstusadeyanimuuy JPG, J2K F938mamdriignasistiun
dovlnwiithinssananaiinuaind du udougas iunisvih mwaeliaudanioains

WINTUNTUAL 1M TVIITUEIUYBIN N (VIRMAMTOYNS) LHevevisens i vinamw
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tuldanuseanelulnsviendls nsiiiludnmiiawindnas n1sadia (Extract) l1anvasiau
¥3909AUTENOUVDININDBNIN LHUVBUNN YuraeIng ield Tun1s3dnstely

o

23.1 2NAINA
MwARTaAnnMsasunmdildainnisaziouuas (Lisht Reflection) as

vy 1 uLmes $un1n (Image Sensor) 4 i ugunsaliilasion133uuas (Photo Sensitive
Devices) 1u CCD/CMOS Tidudieyanmmafuadsia e milismeaiuuuasnwiiovy
nsEA LARAINMsWandLinfeiu Wuaenmldmssaudainlueed RGB Fulunsnaud
uad 187 uaznidu ety Weldlddmuiisents idosiusiuuudandn (ink Jet) 1nns
wand9n nadCMYK Insendondnnisgaduuas (Light Absorption) 399anusiazqa gn
Bonin finlea (Pixel) InoiilothfiniasnFestudugunssdmasn (iFegunsda 9) Aagyili
Aandu ammduan wansiamiAnannisiineauiieseduielmiAadunm fafy
AMATNYBY NNTia9TuIn TeTuagfunma s e finea nsUszaranantmdunist
mavluudasinigauninszikasUseuiana laga1ainsiasieriiiesuagaiie) ¥5en1s
Anmghidunquiiniea vienisieaeiianin fawadnsdliannsUsznana minuesly
YuNBIvRIN AU NadnsluamEng (Matrix) vaninas (Vector) 3 eanans (Scalar)
Tusesvesnsuanssa sadwinlderadunmdnuidsnim enaduns viooraidumanls

a

o &L v ad A ° A o | v e
NIU GUUE]EJﬂUjﬁﬂqimiﬂUﬂqiﬂ']u’)mLLagﬂ’ﬁLLaﬂ\‘iNa ?JTJ‘V] 2.7 LAAINIDYNNNAANTAINNNT

Y

Uszanana Mwluguuuy wvsnd= a1 LNees= A9 uwag anas= Ad
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ANAIRAN ATV UNIINNARIATNA Tn15YINIUARI8AIUYEE F2198719N15W9U

1 L1

waydmUIENRUANN 9 vasnNywduaniiaguil (3UT 2.8 (n) Wislluasannunasriiiauesn

Qe

L2 vV

ANNsENuNing nguy Azdsvioulaseenyn kasdgiulUginsyanm (Comnea) F9nszans

291 ntnUndasnlesedauiisuuantd Feilisuesiuninlanazdalasunisuntas

Tu nanfeaiume uenanlunszanmanunsausugunseld iWevilvisaiunsalnianinla

a A

A an 91y wasazk1uluaane (Pupil) Inemavinniilunisaauauwasngdeinudily

g4 gnen MINwaIUIHILIN APNAzUALANaD kAT Tarad Tunnewmsstny winuasdl

USuautloy MR VeeUINTU LD AN PUINTY ARl un1SuaveIe
o A ' N Y X A v ° 9 & X a

A9 AB WU (Iris) FATUNAINLUBVIDYADUTOURIA Tnenanuiiiowant ansalasugy

1§ Wienanulletunifinnisiudsugy avvilvisaniianisuavens ndnuiiediumveaud

enanwaliamzdiiligniu aunsaldlunsseyiendnualveudazyanals wasiiiiumm

azluannsenuiaud (Lens) faaudasyinutnnlunissiusadrannsenulidinelszainen
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(Retina) 28Uszamatdudiui lsonas hazyinnin N lun1siUa sundaaunas [undsnu

maall lazndanunielnii Fandsnuilavgndeieludiaues inelviauesiuannuvangves
al' < 1 1 < Qll =3 M v "

amaswenviusely aglsinu amaswesiu lldeglusuwuunisuaniauuasnin

wson1siuneeniieiasfiun iunmiltinainduauinsfiassuuilagaueauiyue At

amadanulunmiRdifiviheinanuasiden lilivuaanunieniugs Lifiinea

a
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¥fin e CCD way CMOS gunsaisaosslaivihminflunisudsundsnuuasiuifundany
il Tneiduiwessunimazdsenaumegadiniea 7iaglviussdulnlihoonun Tngussiulwii

zidsulumunaaiuInnnsenu Weothaissulninlunlamununednaniua AazLin

3 aa o & = a ° a = o oA v X 3
LUUNTINAIN VUL Lu@QQWﬂﬂ’]WLﬂ@ﬁnﬂﬂ’ﬁu’ﬁl@WﬂL"Zjﬁ 1L YINDNULNBAT VU NTUNIN

v v
LYY aa v = <

Aatupuazfunvein nAdNadal vey fuaunmveswsasiniga ag1slsiny A

]
Y = o w

wssulniluwsazqafinmassgnivdeuldiluduaameiudidva Weihdiavuseemaniu
Whdudwden naansilanazifummindliues Asunisusziananmiadunisiuinuu
FavreusazinavesnniigninnuluguuuuamEndiues (msdaiivluguwuuamindg
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wninguasnim

aud (1) mmarluunainiga
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(#131: Creative Commons  http://en. wikipedia.org/wiki/File:Hurnan _eye cross_section
_detached retina.svg)
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el‘ o & en‘ ~ P
AWNEANNTOUBIUAUILLUUATINN AU LUBDUEINIRNNTENY NABUTLENNAIUDY

£y

3 = < S v O aa el' v & = & A v v oy
YWY NIBLYULYDITUNTN muumwmwamﬂﬂmLﬂuaﬂul‘Wa Judunin Nnaurnie Tuns

Y

LARIHATIIRNIN AIFILIATTIUNLEAININ 289IIN1INAUNNITLEY kAnLTEUlUTUNTURARAS
Amasfiagiinea azlaninnadui imsivaziu TunsWeulusunsy medunisuszuiana
A avinnisUssananaegnatedun mnduiy drenudeyasinuuatans azduns
Uszaranan nuuunduia dgruteyavinanluue asifunisussaananimuuul
NeuI

NI VoUF UHO3TUNINA D N7 lun15iUa sulwmew (Photon) LUy
a A A i ~ A I o o D a v &
duannseu niednegrmilefe iuressun it lun1sdsundsuasluidu

wasulihilesnuasdinaaudiniay Mduiseynia (Particle) uazaiuuimanlng
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(Electromagnetic Radiation) ayn1AvaiasAelnney Lisuamnannsznuidueesiunn
Tnauundwnazgngadulasdugessunm Mlimdsuaninseumemiududugessu
aw Blaeiluasdugunsaiiviiainansfiafanil (Semiconductor) ndssmumadinoutl o
s idnasouinnsiad euivliiAnnszualwiltlunanuansi s nadnsfieonain
Fuwessunmdeusaiulai useulnihdazdsulumunasiininnnsenu i uedsu
o losandsing o wu thidu iewdes axdismnuliaeuilivitu Feinlaea ndaem
Trmou favy 1 olvinouvosusazdlunszunni sid nasouluduwossunin Aavld
wssnulnilaiiniy LLiqé’uIWWwﬁﬁwgﬂLﬂﬁauIﬁL‘f]uﬁaLamwwqa%ﬁa

m‘wﬁgmjﬁmﬁwmméfasmﬁﬂﬁzmamamwﬁwmagﬂLLUU Falaeialufinudlgany
WUU ABNINE (Color Image) NWTzAUNA (Gray Level Image) LagATWa0332AU (Binary
Image)

awARenwluusazinwaiusenaudiousd uns 18 waviidu wiaswidald
fuiluns Saufu 8 On deuusasfineavesmwasddtuilunisdaiu 24 On (3 lud) uay
A11150 waARFUSEUN 2 24 ad(16,777,215 a1ud)

amszu fenmilliid [unmiiuansdessiuanuduveues Sausasiingass
Uszneuseiiauiismile Ineily usasiinaaziivuin 8 90 (1 1us) wavasunsauans
sedurmMuLveasls 256 sydiu anile @Ean) Feiiandu 0 Taudsaine @) Faiandu
255 mwszéﬁ’ummﬁugﬂqumwﬁgﬂﬁmﬂ%‘lumiﬂizmamamwmaﬁqm osnflaun

[y

2 A a = Y] I3 a Eh ) v
Wndloisuiunmg wasdianunsaiuigastdenvesinuia (Texture) vasingluniwladu
| A A oa ) <, a Ao & ' a &

9197 Faduiivasingnelunn iuseaziBeaninluden1sinsienaw

ANADITLAU ADNINVIINT FILAREANLAIZILNES 2 ST AB V17 AT AN LABLNUY
I~ £y = U @ ) a '3 1 a [ 1 d' =1 1
Jusiia 0 w39 1 amasseaungniunldlunsiesigriamulieiu uiosniiuaaes
JEAU Mt S1eazdenvainmImely diiswaninlasesiswesing Wity agelsinu

HINEBN ﬁzﬁummi‘]uwaé’wéﬁmmnﬂmsmmsﬂizmawamwﬁiéf LUNITAIVOUNIN Lhag

nswen Ingeanainiumas udu
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[V 7

7198 AINTLAUNIDIWANINNTHURYUIINAINEG LATNINFDITTAUDIWANDINANT
° ) ) Y] ' % v ¢ & ) <Y v ~
PINTNTEAUMNIUIENALD A NBULLAUL AUARAANS LT UNINEDITEAU N LA UM 2.9 uana

Fegransilasunnadun nseauing waznsiasuainmnseaumnidunnassszeu

amd nmsERUM NMAITAY

JUT 2.9 mswdeuanamddunimszaumilaenisulaiand uwazniswdeuainan seau
wnluilunnaesszaulagnispumvaunn (nwiiavied dvans: authassos

WETis http://en.wikipedia.org/wiki/File:Bachalpseeflowers.jpg)

2.3.2  msUszananaszaunniea

< o 1w [ J =

n1sUszadanann fx, Y lunsiiadaavlussauineauidiiuin 89
oy mathadarisurus (x, ) Wisshudafesndom vselnsthafinwaiioy
FOU 9 WIAINTINE lieAImaNvazanzratuusy o fwnds Ty agdlsfinng

el' o 3 a v . d" = Q' e :al' o 1
At isnhanUssiiana tu egluiininaenn (Screen Coordinate) BedialsufuALILe
vudy @wsaiutmuiuiinnasiideu NH9aTuRuNAwIUIaNge) Aadu dusuiiin

= < A v < = g =

3001 wnu X euluneritiuuin Weulunededuau wunu y Heuasaraduuin ideu

Fuuuluau Ay Mniseg AL (X, Y) AUREITIA UM ULAT UG @131150

Feuldaad
x+1,y),(x—1Ly),(x,y+1),(xy—-1) (2.1)

FadunisUsvianaiineasuy 4 alndiAes (4-Neighbors) g5 dunis (x, y) uae

a v & N a = vo &
UEJ']QJIG]L‘UU N4(x, y) UBDNITNUUY WﬂL%aV]a%ia‘U i I‘L«!LL‘L«!TVWLLENa']ﬂJ'ﬁﬂLsUEJu‘lﬂﬂﬂu

Feflnndu NDx, y) fadu lesau Nawx, y) waz NDx, y) a¢léidu Nawx, y)
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x+1Ly+1),x+1L,y-1),x-1,y+1),x—-1,y—-1) (2.2)
Xt
(x-1y-1) | (xy-1) [(x+1y-1)
(x-1,y) (xy) (x+1y)
(x-1,y+1) [ (x,y+1) |(x+1,y+1)
y

JUN 2.10 ANudRiusseniniineasoudn (x, y)

(M31: 593MNanT19158 A5.aliu Fva vilsdon1sUTsIaNanInIUas)

2.3.3  n199d93nuIng (Convolution)
wafianislunsussananimiiddite nsvidaimunns Faaunse
aduEld 9189 31 1 Wunsvimanman (Dot Product) Tuudagiumiswesnin FBnsanan
Juns adeileidu g wanhluvimagagaiunm f Feuluustazsinum (X, ) anse

Y

Feuaunis lunsidsiawnissening f Au g luglvesilsidusiaiioslsinag

h(x,y) = J f fO,YNgle—x',y = y") dx' dy’ (2.3)

[y

Feaziildindunsthaluwsagsumis foe, y) Wanfudu g -x 7,y - y) wdnhly
NINATIY (msﬁw@uﬁﬂ%“aﬁamsmwai’m galufidfveuunan —co i1 o) nadnsaladu
hex, ) st uiazsuisdadunaimagae Wesnidunishaindnues f uay g ud
GELIHRLLIEY, U e sy Lmammmmwwﬂml,mm (x,y) Naglanindn
o nils Fadunadwsvesnsvihdsimnns uazansai@euludnguwilsls

dyanwal * Mueden19vdeinuinis danunniednidedn nsvindesinuinig
annsaaduld faddu gor, y) Wethunldlunmsvindsinunms azgniSenlivansde 1gu ¢
N304 (Filter) n1nan (Mask) wAu (Kernel) WUy (Template) kazntieing (Window) 1ag

Tundedoraui azldmindinin WWudulug ArlundininiSendinardudsednd
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'
v

(Coefficient) TngvialU #t1n1n (X, Y) 91980UUIA 3 x 3130 5 x 530 7 x 7 AU

[
¥ o v v v =2

Aurluldeududimun dedu udadunsihfineaseu o s (X, ) lddszanana

Y

e

o w dl'

M3 drTmnnsdumediafddgun Weswn dugnihluldnumainuats wu n1snses

o

dyrusuniu Msveunw msvitlinwandn 1udu

h(x,y) = f(x,y) * g(x,¥) = g(x,y) * f(x,¥) (2.4)

Y]

Tunsdvaanmddia nsvirdeinuinis ssilunisimanugs Tuudasiunus (X,
Y) wdwhnsdeugaludganely 9asegn nadnsnlausassunis Senindunaneuaues

(Response) v B991nKuIAINAAN UFIUIUNTIFTTREINTGT 11910N15VIINITUUAIMUY

[

Wi3u3 (Fourier Transform) @sag/luanvn1susvananadayyin aady dmsuiaiduly

[

oA o o o = [ vo &
ABLUBY N1INIEIINUINIT ﬁ?ﬂ?iﬂL%ﬂUUUUﬁMﬂqiiﬂﬂﬂu

h(x,y) = Z Z w(s,Of (x + 5,y + 1) (2-5)

s=—at=-b

dle @ = (m - 1/2uaz b = (M -1)/2 fAeveulunlun1susyuianafinigasou 9 Aunis

(X, V) fuls M uay N Aevueavesntinnin Sudiedufinga duds W Rentinin detu

s
a

o usiazeiuans (x, y) fudadumsihandudszans wis,t) Wauduiu f(x + S,y + D)

wan drlumnasiy
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| yosiudu

w(=1,-1) | w(0,-1) | w(l.=1) | ,—»

w(-1.0) | w(0,0) | w(L0)

Sf(x.y) / +y
w(=11) w(0,1) w(l,1
-X +x

Alfa-1y-n| fey-1 [fax+ly-1 swnismelumiph

S(x=1y) Slx+1Ly)

Jf(x=Ly+1)| flx,y+1) | flx+1,y+1)

fnwavasnmmaleninmn

JUT 2.11 mevidedinunnissening f uag w

(M3 593ManT1158 A5.atu Fivay nilsdon1sUTsIaNaNINTUEY)

JUN 2.11 wanadsnistunmsidelnuins lnegn1samdinin w lduuan f

'
= o & o A o 1

AWAUIIANINANT NS IAIUINADAIIAUL (X, V) AIWNUININAVBINTININABA WAL

9
o

(0,0) AatiuaziulaIn 1 afatouaanNUIANAINVUIAWNAUNLININ W 1519 lmunSng 2

Y

€

Y NTVUIAWINTL WEUNINEN 2 YALTIIHAAMIA A1TaLTEuaNNIS ARl

R=w(-1,-Df(x-1,y-1D+w(-1,0)f(x—-1,y) + -
+ w(0,0)f(x, ) + -+ w(L,0)f(x + 1,5) (2.6)
+w(@l1)f(x+1,y+1)

Fadunsihdeyalundassunisinseiuanguiu 910ty dwagasisnunun sy v
YoatmndwinleaIn M = 2a +1 wer N = 2b + 1 Feaunslfieunnedn M uas

n Wuawd

wenaNUu Litelieglusuine aunsaaguaunisiieglugunmesla lnenisi el

(%
£ =

A ldlunees Z = {Z10 |1 < [ < I} wagadwutnin W = (WL |1 < [ < N} odu 3
Beuluguvesnsyiuanamala
R = wW-Z (2.7

Faeuluguilendule
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mn

R = Z WiZi = WiZy + WeZy + -+ WiypnZmp (2.8)

i=1

M uag N ABYUIAYEIMTININ AULA T = 3 Uag M = 3 AsiU VBULUAYRINTUTELAKE

finaseusuvis (X, ) fie @ = 1, b = 1 wasausadouaunisleglugudelidu

9
(2.9)
R = Z W;Zi = WyZq + Wy Zy + - + WoZg

i=1

n1sdeuntINInlUuuAIN UANNMLTLIURTinga NASITUTUNNIANAY LIt amaAN

Fauiu 9y i ludunngauunin W avihasunnaunidauds Alanadwiveenis

&99UIN1S gﬂﬁ 2.12 WAAINISYNFIINUINITIENING Z e W

§ PIFuA

2g |

J(x»)

W, W, W,

Foumiameluwli

Zs

“g

Anwaveanmmeldvinin

SUN 2.12 NMSYNEIILINISsening Z way W

Y

(M117: 599ANAN312158 A.aTY ASAY Visden1sUsEInaNaN NTUEe)

Ugynmilawean1svideinuinis A aldountin1nauyinliganenansvemuinin

RYNAMUNUITIDEN VIR VWA NT0E19gAVRINTN v bAusiumdaluriinnIneg uean
U

YDULIAVBININ (ANVDU) YINlvdunUatudianvay tauisasulls ¥Infia1sanann
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2.3.4  Hngundl@deu (Gaussian Function)

flertufiddanndusufuiu 4 vesnsUszanananinde Hridunddeu

Tnese audornda wisn3y 1nd (Carl Friedrich Gauss) dsiuldinfuiinadnmansiiddy

= & v c A
11nAY nilsedlan aunisuesilsntuindidoune

(x=b)?

g(x) = ae 22 (2.10)

o e = 2.71828 fiafiardIneaslaes Euler’'s number AUy @ ADAIAIINGIEIEAVEY
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o a = 1% 13 o o~ = i Y a | cs
AN 2.14 Feusenaunie waduseaim Yesendnegranilanldiulusiuievee q fe
1591 (neurons) wag IUsEaIUUIEEM (Synapses) uiinsiwadUszamusenaumetanslu
nssunszualszam 15on77 Wwulasi (Dendrite) 3ty Input wazUanglunisdensyua
Uszamisendi woamew (Axon) Fudumilieu Output vauwad waalmandviausieufisen
I ediiiadnis nszdumiedusinIeuenusonseiuaIewad ey nTswaUIEaImaziy
| ¢ Y 1a a = & U U oa 1Y v cal ! 2 Y
H1uaulasviidnd daedea (Nucleus) 99zidusdinduindeanseiueaddu o senseli o

a a 3 v e ] |
NFLULAUITEANNLIIND WIAAREHAN f\]%ﬂi%ﬁ!ﬂl’sﬁaaau ‘ G]EJVLTJN']UV]"IQLL@?]GU@U

Dendrite Axon terminal

\J&J )’% Cell body

[ / Node of Ranvje

% xon \ Schwann cell
Myelin sheath

Nucleus

JUT 2.14 lassasnvasgaduszamivatosysd

(Fu: http://wiki.bethanycrane.com/artificial-neural-networks)
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251  UsziRanudunnvedassieUszamiien

Tul w.a. 2486 WHuluisnsindavesavilasaieuszamiiienluaans
Wemans lae uindaaey (Mcculloch) wazfind (Pitts) leausuuudiasivawadUssam
wazlauansliiiuin Tunnanguiudilassievsauuudtasuaaausza mainaiaunse
maudulusunsy meuiamesla o Ala

U w.a. 2492 Inifan Lauy (Donald Hebb) lalauananuidedn n1siseusves
aued awsaesuneldmeiuuuuveinisuszneuwaduszamdieiudulasmng uwagld
lauengNs ouiueasuy (Hebb's rule) Mlilassinevousaduszamiiiondiusindaaoy
waziindlaiaueld awnsadeuidamidie 9 lduse nmsiSeuslusuuvessulvuad
Uszamisuvosudindaaotuay finduiudunisFeuiuv "liffaew Felumafoauda
lasstneUszamiisuiiinsisoudasnetovinnisiangudeyaiilassineussindendaiu
thlulilunguifeaiu Sslsivangauiu Jymussianidosdnismununszuaunisiious

Tuta wa. 2490 AesARsTITIELLUUALDIATBILsNYRdlangnaing
waz nadaulnefiuaf(Minsky) Jsliavenanuiena1dlud wa. 2511 doreufumesfngn

9isun1s Jeusegedmsunsiseusidnly Avzanunsausudnsnisvenedygyiadunis

=

= = " < = " 1 13 = v v wa
Weulganiie "M1u WITITaINseanley seninawadUssamiiieulaledlnednluls &
Junsuananisiseny dregrsiigndewdily

Tul w.am 2501 usee Lsiguwuand (Frank Rosenblatt) LawWaiun

1 a = v o < W a &
andnenssulassneg Ussamniiendu lnglduuudiassvauidndaasyuasindiduiuims
swauaisnsiseus vy nddmsvandnenssulasevigUssanmiiieudangaiiee
laseinguszamiiendsnaniisendy imesigunseu (Perceptron) Gailnsiseusiuy "o’
(supervised learning) Tnan15UsuAN uialsseen15t8onles G9agiansuilaainnis
L=} ] ¥ 1 = L b2 n 4 " [ =

WiguiguanusvedasaineUseamiieuiu anusves "aeu’ (teacher) wasigunsoull
ANUMENTaNAUUUTELAN "5y ila’ Falu sEnInensiSeustu inesiuunseulzgn
aouindoyadegeaeudnlUusdazuuuiy dadurien Tathe ndayvuazdeyadiodiad
AILALNEEN Wvesiwunseulzausasrysiiavesdeyanili wemuinnauldgndes

Tugaedu w.e. 2500 was-urin lasi (Bernard Widrow) uazuniideugami
(Marcian Hoff) lasungunsainiisenitenilai (ADALINE;Adaptive Linear combiner) uag
ng Meseuiwuulniniiuseansamaasendy ngnisiseuivesilasi-genl (Windrow-Hoff
learning rule) Adunisiseusuuu "fdaen” dedunaoungunsaidinaildsunisveny
wwadaluiduun a1lad (MADALINE;Many ADALINES) waglagnuiluussendldlunis



32

913UV (Pattern Recognition) 11381n58ienA wazszuumuaud sndudesiinig
USuasuszuulunnu anmuandousing 4

Tuvaizdinsduainileauneufinmesiid "Yoo' Wandululuwwms
109n15Anw uarldneneueuienisvhauvesssuuUsyanvedddidin Snuuamaniled
annsasifiuaug Aululd AeuuimsnisduahiineismazeSunenginssuiiisadesi
Jayayrvesnywdluids lassaseveavsuasng loglddydnuvallunisunuiwifnvesuyud
wazsuiunsiudadnvel matuiionsruaunisludnvarvendinmaninadnsilaan
nszuuMIRInaMeaieldiniu minevaussiuyudinazyhmeldieuludentu uwamis
sanalugdWauinisvesavy Jyaruseavg (Artificial Intelligence) wagdnIngnis
L%‘EJ‘L!? (Cognitive Psychology) Tutiag w.a. 2510 uag w.A. 2520

Tul w.e. 2512 duad (Minsky) kazwiliiss (Papert) latauonastununly
sUveaniede dsluniisdedinaniinsszydedriamanguivounesiwunseu nasudnu
AINEINBLALAA LUIARAIUAURDNITHAILITZUUUTEIaNaLUULATIEUDIgaaU ST aLaY
Hugasusiugenis vesnszuauumuAniin msfnvesywiiunisUssmnanauuuaiy
Hu (Serial Processing) Lilpsarnludrsandana i fianansoudladed famamguives
TassneUszamiisuls Ineinisanulassisuszamiisudslalasuanuaulaainienig
AoNfiumeslugas w.a. 2520 naanAdosulasseUssanifonlugianadnadndadui
$arluaauay 1 vesdfiaula iy

pgalsimu Tugaen.a. 2510 duanuidediulasstiglssamiiiouain
Uszina Guu Tag 4ud3 89113 (Shun-ichi Amari) Wl wwa. 2515 wag w.a. 2520 siounlud
.A1. 2523 i8N WTBan (Kunihiko Fuku-shima) leanaandnenssulassieyssamiien
fifged Alefeniinseu (neocognitrons) dwsun1siigunuunmanual Tasideunuuuun
naN1sHeTiy vaddiTin

Tud w.@. 2525 29vu gauilan (John Hopfield) latausaardnanss
Tasarelszam Wendwiudunmheanusiwuuseale@iedivl (Associatiov memory) iR
arusioenun taeld deyadifanuiAsidostuarusduduidi fuduanFufivild
dninermansiunduanaula Taswedszamidiondnads lutrsaalndifesiu afmiy
N309aLUB3N (StephenGrossberg) wag tna ATSINULABS (Gail Carpen-ter) AlAlauenguives
N19AMMBULUUDELAUTIN (Adaptive resonance) kazlawmulassieUsyanfivuaisn

(ART Network) gslullaguiudeindulaseing Ussamiieniniiaussousgeiigauuumily
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N Tnsstneuszamifteundusniflesyifuiidesnnaanuifanivoanand uiinad
waust (James McClelland) uagiadn iuasn$n (David Rumelhart) Tudm.a. 2529 Faiaue
nnn1sidens wuulmidwivantnenssulaseheUssamidouiiiarududoudu Tnsdey
meswunsou lassineuszamifisudsnanannsadmdndadiiniinegniauelilneivad
wasn e feusd we. 2512 IidiSa egelsiny fnsfunuth wumedne 9 fuldiae

gniauauaalag wea 1383 Tua (Paul Werbos) saust w.a. 2517 usdlsifiglaaulalugsia

¥
@ a =

Fanam austuinau IR uadulasmielsraniieufiietus neghannunenauds
Ui
2.5.2  wannsinuvesssuvlassigyssaniieulunaunines

NANLAATEUTEINITET LA Bt uA L danuAniuketnsetudn
lasangUseamiisnsianwuslaseasiaunna1991nlas e luaueywd widadinay
ad1eadety Tundnnisidnlasstigyszamidoudunisrung uuuusuiuvesmiag
Ussunanagay 9 Tumaﬁmﬁﬁﬂﬁtﬁmﬁﬂwzaﬁﬂmmwmaaﬂﬁﬂﬂﬂu LAAIZNAITAVUIATD
dupsazdivualugnilassiiguszam

Fewognann sauamaduszamdsdaududounin wmiedosvedaseie

a U

agulsffninfiddyvesauns 1y 195 eusdnEusagniasituegieinedielasang

<

[
=1

Usyani

X *
X7 w2

W3

.
|

X3

Wn

Xn

JUT 2.15 lassasnvesgaduszam (Neurons) Tupauiiunes

(707: gAemans113e a3, giug Saulnan wnasanusivesrunadygyseivg)
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dusulunsuiimes Neurons Usenaunae Input kag Output willouiu lnad1aadlit Input
usiazsuil Weight Wushimusimdnues Input Tne Neuron usiazmiieazild 1 Threshold
Jusanfmuaiidminsinees Input AesuInvUIR U sazaINITaas Output TUds
Neurons fsuld ioth Neuron usasmiemdefulivhausauiunsiauilumanssny
wét anmileufuufisenaiifiAnluaues Wowdluroufiumesnoshadudiauibues

n3viUlaseneUsEam (Neural Network) dudnnnsiaedl Input Jeuluds
ww3eTe (Network) ndaanndunii Input W1AUAY Weight Y89uas1 Kafiléann Input NN 9
21999 Neuron 9240111594 UL Le1u W8 UU Threshold 7 Avualy damasudean
11An31 Threshold w&7 Neuron fi agda Output aenlu Output ﬁﬁazgﬂdﬂﬂé’a Input 284
Neuron 3u 9 fideufiuly Network 81 frtfesnin Threshold fiaglsiin Output Fauansle

AaFlUswNSU BN

if (sum(input * weight) > threshold) then output (2.11)

'
a o v 4A

dsdnAnyAefiamsIuan Weight waz Threshold dwisudsnglisaenisielv
a s Yo = & | Al 1 J o 4 a § | ' Y
Aoumes $91@udurvliuiueu udaunsanvualiineuiaesusuAmaiu lalaenis
v a Vo a av v a Yo o o . "
aoull AeNUMBIIIN Pattern vosdsdaIn1slimouiaLmeIFd5endn "Back Propagation
Fulu nszurunisdounduvanisidntunisiin Feed-Forward Neural Networks azin1sld
9ana3iy wuU Back-Propagation teldlun1susulsaminazuuuvesaietiy (Network
Weight) nasanldsusuutayadmsutinlvuniniedisluwsiazagaud s Aiilasu (Output)
NLATENLALNUNUWIBULTIEUAURATIANANIS KAWINTALIUAIANINEANATR T9AT
a & | Y A A 9w ) o 1
ANuiananiazgn dnduiindintetngeldunluAiminaziuusely

2.53  msFeuiveslasvigyszaiiiey

av o o

HAENEYaINSAuNIdENNesiungAnssuaans wulddinisiseus
vosdaiidinusazaiin dnszuunis winsmawasuuy duegiuaumingauvesdiitin
usiazaneus TuanilasadieUszamiiion wnAnRrtunszuiumsiseuiasssyndinan
NaNsANYIMINgANTINAERT 819nanBnegamilsinnisiSeusAe nzuIunsiifiszuy
Ussamannsauiuinemdouismevauasnudaiifignnazdu aunsesisanunsnlvinanoy
lomnudanis

madsudfinsanldi duduneunssuiunisdarindasiingsdu iold

LYY v o

uiaivdnilagiiseuulseamAung ;N AUAULEY anansalinisnevaueswmuiingla
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wusaziseuinownthll lunsdinfdasnseduuidalinaufisenisnevaues Ussamiiiey

szihanunlalunisuvawenyia d1naafslumauin ssuvdszamues 9d33nasUsu

a

AMULRYILUUYDINISLTDUADNTWUUE IUASINANDUABAWSLANIUAADINIT F0ULN

N3¥UIUNITVRINTIF BuNazdugnat Lluanuznfednszuudszamlasuausluuaam

[y

NPANUYBINTFUIUNTTEUT IRt unausalUil

Tun 1 TassngUszamgnnseAumedaninaes

ee

a

i 2 Insaneyssamianisilisundas suiluraunainnisnszduiang s

'
a

Jufl 3 lasevielszamnevauasnedawlnasslulumielug swduxauiainns

Qe

Wasuwdasiiedululaseasianielulasane

A a ~ a ) | ! a '

Wenasanlufianizusnumils 9 veslassneuszamagnuin nsiTeNss
YBUTan UseamiuIineie 9 U aunsadiuuuiuandedulavaie wuu wag
NILUIUNITIYUT VOIS azusanliwioususies Tuvusafeiiu walanIITeuIves
TAssineUszamitennwansaiy Tudmsundazviauaalasetie

nsaeulasselivinisAendeys Output nieuusulseaumiinlagly
v a Yo | ) o o & 44
doya Input 7 Jeulvitiulasselagendunssuiunisvigianunsauusdy 2 Ussian fe

(1) M3tseuiwuuLEaau (Supervised Learning) sUluunsiSeusiuUiaauy
Susenisdsdasnldlunisaowd luiduduns (npub) lulasstneUszamidion el

TnsaneUszamifisnasmanousenuluedne (Output) Fenaneuazilusgnsls Avueg

Y

fuannzluneuiiuisoudveslassneuszamifien nanoufananazgnihuUisuiioui
wanouLiihmang (Target Response) Gaffaou (Teacher) ¥ iWuffai1siu mnuaneusisaosd
AuuAna1ey tudefinuaainadou (Erron) iinduaunain Ledeudina1iaggmitly
fuainsusuussantnane 9 Tulasseussamiion woanau rataedsuadli

A v oA
Widetaeiign
n1sususssAnd minlagiansananaNuAaIanieull asuagiungnis

a A o ° =~ v as . a ' ) '
PIYUT NIBDVUADUAITIATUIUGILIYNIT 2anNINd (Algorlthm)VlLLG]ﬂG]NﬂuImEJLLmas

) €alle

= a

gane3iuazil AndnyuzLarauIIaUzLANG19iY I5n1sdulvgresnsiseuskuuiilaoul
ganlUama1n In1snendiamansluiiesvesunaianismiAnmiizay (Optimization

Technique)
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\WesannianuvesuywdlunisiamunIeadleduinldnu tu awdegiunsn
wywe foensdnskazAuAuAIaalloty 9 livhauldnundenis Juililasedie
Usvanniiey Usetanildnisiseuswuuiigasulasuanudeslunisuiludssendldunian

Weannluwuud awnsamuauld nsdsnistassiedssamiiisuaziulilneniedon Tu

'
a

anwazusInsinasy lasaneUssamimes Iﬂ&lﬂ’liﬂ%’m‘%%aﬁ?aﬂﬁﬂ(i?ﬂﬁﬂﬁ’]Lﬂ’mmﬁl) l
wlvilasstneiioud ilelassinedszamiionSouidoyasedraldgniomunuds anuid
Tasseuszamidlenlifivlily Snvazvosimimdnsing wdudsignihlulfauasade
afrmanaureteyalmin dlassdgli wnefiuinnou fadu dmsulassieyszamion
wiks 9 warddmsFeuiuvuiifasuisnuie th ANU3vlATItgUTEa M ENATANITA

Y

lldeuassliiiiedn Nusgiuamunmuesdoya fegreiiduldasuiu ansaznanilad

Y 9

windeyadiegaddnuunnnelassiieUszamiienn svannsaasiemiusliegagnsies
aglsfimudieszauanuaiyimiiniulasaieyszam enludagtumaidanis

a ¢ Py v v ) | ° o a v a a o < a Ay
'3Lﬂi"l%%{]ﬁy}ﬂqLW@aiqqeﬂaﬂﬂam’J@EJ'Na']wi‘UﬂqiLﬁﬂqu]llﬂ333‘1/]651']'1/\]1414 9ARUUNUIENHDY

a ¥ Y 1 £ a b4 a YV U d‘
fn1sAuaiusioly ANWIUZNIILTYUILUUNREDULLFAIPNNINY 2.16
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Traini
. - ( Adjust Weight )

Parameter \

\"u
'
Input \\> Neural —> Training

Data Network 7z Output

/'\

Target
Qutput

JUT 2.16 N15ieukuuieaau (Supervised Learning)

Y U

(M3 §emansnse as.yiug Saulaan tenaisanusivesnuniedygyiuseivg)

(2) nsiSeuziuuliiigaeu (Unsupervised Learning) nMsi3eusuuusiinillyl

o & v ISP v 1 v 1 o a ! a [
Puludesdlantmngvesiiegndeya Tutivhnsseuslaseussamiieuasiudoya
N3z uluTULUUAN 9 kardnrnauIUkuURIe 9 WE1UmIEAuLeY Kaansvelasviy
Uszamifeudilasuasdunisszunguieyafignlewdily Fe819dsiuinsdanquiudoya
lassneiineLseu;

v | = % e ¢ v @& v B a P <

Megrnsiseusivuilunyudeie nsliandn 4 faivdsveslivuiy

v & = = % a I ~ A [ w A val o < e
el 1WuseleuBeuiey auydin wnauniladoninunilsdenia q 1iiguu iiudnem
Tituasuaziu veaaudu 9 Lingunans o nasainuu mnwnautuadnanuil Al
[ v & ! [ o/
AUl Inguane s
1 a 2/ v dy 'Y v R Y

wiinnsiseusiuuliiidaeuiiazlideenisfaou uindesnisuuimialunis
IANAN U N15IANGUD1ILTANINTUNTY @nTITNIdIUTeeinge 9 Aagiundn
< ¥ v & 1A £ gy ! [ ' [ v v
Jusiu dau mnld In1sliwwamendaiauin msdanquasidulumuaudnvagle nsdn
nquovliuszau anudnsaluninisiunldiuaiaila fmegradu nislivndavedivutu
199091U 17ND19923n nulaveunaylilumneany vnlaldazainsenisundswedivg 1
luiusauaaeild n1sldau lassreussamifisnildnissouswuud Juindesdnig

andunisuiuusisdeya weliiinnisidu anmuesnudneazd1dsy Adeenisuiundy
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wwanslunsdnngulieudndunioaadunisusu ngnsseus ieliiuluiinadanuaed
4 o v
AeaNT3Ale

Wesnduneunsiseuiwuulifidaeuiiaziinisseunguvestoyadiioganou 1o
Andulalaudrin Toyalnifidnuaeimszdaniudingula (Meenafiadungulmiilaly
st Windliasdndingulaae) azvihnisusupadnuazngulaeihdeyaludiildsudiun
Judwustheivuaiuimniedangusae nsdeduinteyalniinledlungulvu ndnnis
auvedlaseUssamiiguusialdisnsudatuvesnguingulanisiateyadiinan
aNASLULILEENI1 MIsSeusiuudsduii (Competitive Learning)

lugnusyuniaivangasuduresnisisousdiiinnsdnnqudeyaly

wuule 4 wae Auiwianfinsdnadadunan asnudn Msdanqudeyaintununmdnva
1199819839038 779819 Fan1sinnguiliinainnisilase-Ungussamineudseiiuteys
| A v ! a 9/ 9/ @ ad [ ' 4%’ IR a
w19 9 Ngndewdnlulu seninansiens auafraduisnisdnnguaumnle Ay nsiseuily
ANYUEAING1IRQNITYNT NTITUIUUUIAAILLA (Self-Organizing) A78 anwrNITITeU3

wuuldigaounanaiagun 2.17

Training = di o
Parameter \ ( Adjust Weight )
\
\‘
N N
Input 57 Neural o Network
Data 1 Network Output

JUN 2.17 nsisuiwuulidiaey Unsupervised Leaming

Y

(77: Femmansnse a3, yiug Snulaen tenaisanusilesnunedyguseavg)

2.5.4 aatUnenssulassinayszanniiey
antnenssulassneyszamiion @ansawuadu 4 Ussianlve) ¢ fe
(1) Feed-Forward Network Aiagunuudeyaniszuianaluieasiniadiglag
dslulufiang weniuainluuem Input wagidsrelsosunaunalnun Output F9N15ANEUANT
c‘{ 1l 1Y [y = 2/ § gj al [V =) a 1 [ [
wuuilagliiinsdsdoundures visuwsiualnualutu (Layer) Wweadunldd nsiweudaiu ¢

nandluguil 2.18
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E‘Uﬁ 2.18 @nUpenssuues Feed-Forward Network

(M3 §eansnnge ag. yiug Snulaen enansanusilesrumeatyaiussivg)

(2) Feed-Back Network @a983a31nN1UsuIaKalulAT a9 2813
Uaundundultnludunievionatugnss ielnlanaansaineu (U97IL38n31 Recurrent

Network) lasstedianuaeaauandusuin 2.19

Input Output

JUN 2.19 anninenssuves Feed-Back Network
(717: FAemmans1913e a3, giug Shulnan wnasanusiUesrunadygyseivg)
(3) Network Layer {Juiugnuiiddguadlassinauszamiien delaenan
NugIuUsznau 3 d2u lauwn Tuved Input Units 1 oxleaiu Hidden Units wazt¥aules

Output Units Auaeu
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® Input Units 3udeyaifiodwioiiluluatsesdnly

® Hidden Units 329 nA1vuna lagn15v191uve9 Input Units LagAmnuy
AMNFUNUGTENIN Input Units wag Hidden Units

® Output Units am’fuaq'ﬁ'vmwi"mwaa Hidden Units wazauninszning

Hidden Units Wag Output Units

Uszanveuaievretidunuiaula msigisaunsamuuanisunuatliun Input Units 161
9g198a5e A1imINTENINg Input Units wae Hidden Units aggnivuaiie Hidden Unit

AMAIVuNIIzaztuaIfLA lua1dmdn Hidden Units az@iunsatdanineslsaaaniig

W3 Aasanslugui 2.20

Input nodes Output nodes

Hidden nodes

Connections
JUT 2.20 an1Unenssuves Network Layer

(M0 §9eransnnge a3, gug Seulna tenansanusilesumatyaiussivg)

(4) Architecture of Layer @13115091 wunan1d nenITUVELT U (Layer)
poanlu 2 Usslan

- Single-Layer Perceptron 13atngleUszamiiussnausieduiissduiion
uUNRUA Input ?guagj fiu1UIU Components ¥4 Input Data kay Activation Function

Tuagiudnuurdayares Output AILAAININAIUET 19U €1 Output Aideanisilu “19”

39 “lile” 15198@99ld Threshold Function
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f(x)= Lifx =T T = Threshold level (2.12)
0 ifx<T

wsoin Output tHuadiasiseLiios 151@esld Continuous Function 1w Sigmoid Function

1
S(x)= 1o ™ (2.13)

_ Multi-layer Perceptron 3etneleUszamazdssnausevanesulagluus
azduazUsznousie Tnun (Nodes) wiaw3eulaiuswaddszam (Neurons) Amjmiinves
Fuiideusasyinlviun veaudazia (wmsn W), A1 Bias Vector (b) kagA1 Output Vector
(@) Tne m Jusiavuenadiudumiuliduuu e p iu Input Vector nMsAuamen

(3 o LY L= 1 A & < [
rdnmdmiueseingledszamnd M fuaslunsaunis

a =a (2.14)

wag f U Transfer Function
3 m+1 - 'F r|'|+1(.|l'|.p,|‘|,-'“.—1a m + b m+1)

2.5.5 Uszlevivasiasetieyuszaniiey

~\Antefianataldenn (Fault Tolerance) il o nlasaisuszainiiioy
Useneudelasstieiliussananaiisiuunninevainvanelaseing wnfaruRanain
Mnlasstelalasenenilarlivinlissuuifndefionais

- anuanansalunsmmena (Generalization) Lilosyuulassinglouszam
denlesudeyatirilinsuiuvdelsifiemesionts mdeasu viseldsudeiiiaaseiliiae
¥ uanniou szuvazansaamfumadeslesteiiiaataau aunsolideasiuazivanals

- aruansalun1susulUa vu (Adaptability) Tasegneledssaimiio
anunsniSeudanmuandeulnally fafudlefivanisal Indq Whdssuufaranunsausudeu

=) U (3 Y U U 1 5
vseuTuuTsesdanuiiiviuaiomumanisallvsitu
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LY

- aruannsalunisusula vu (Adaptability) Tasegneledszaimiioy
annsaFouanandonlvdld doiy Woedmgnisal nd q gssuufiazause
UsuiAsunteusuussesdaudliiuadiomumnmsallv du

- Auansaluniswensal (Forecasting Capability) TassugloUszan
enannsathdeyameadmduidegluszuy snldninnsal vienensaldeyaluewanls

2.5.6 mMsUszanaldaulassieyssamiiey
1AsaY189usEUUUIEAaIN(Neural Network) ivinweA1ua1115an154 88y
wuudiaeangAnssunianisnmuesszuuifianududeunndeyaiignieu Fatfu ol

sdenlminldlumsauauuaziluyssendluny 9 lawn
) = 1 (= % = 1 = < LYY

° mifmmgﬂLLUU;Jaﬂwmmmﬂmﬂmmwmmﬂm WU aneile anewdy fenes §U
NN

® N15UszUNUANHeaNTUNS aNTU LU UANUALNUS

dIQI v dl 1 1 =Y v > U,
° mu‘wmLL’maamLUaEJuLLiJaﬂaquLama(’Nﬁ]imau’giaummaaﬂsum’gLaﬂm)
® NSIAVIAVLUATILINULEYEIURY

e M3vihwe lawn anineniraIndeyaaiivsenisvduiiveiu

66 2 1 I aaqa 6
° Q']‘U‘Ui%EJqfW]s[ﬂi“U’1EJ\‘1']‘L!i%‘U‘U‘Ui%ﬁ’]mﬂ’]‘UﬂNﬂi%‘U’JUfﬂﬁﬂqﬂLﬂlIIG]EJ’Jﬁ‘WEJ’]ﬂim

LUUINa8d (Model Predictive Control)

® N5UsEENALIUIBNUTTUVUTZAMLUULNINTZAENFULUNMTYIUIENAIIUAIIY

Sou Navauegluiieinis

26 dane3fuuguvesyolovs
yoLOWhsnslunumlugnanvinssumeuiiamesuastdudianlurenfrsannmsina
wazikeunslngoseph Redmon Tufiaunaufa “You Only Look Once” ftfun1snsia
wuuidsalyal ndsamiu gnihausldsuaruaulafuegimnannguiinifeComputer
Vision Iagn1suszgndldlaseyiglssaimiieuiuudeTauinis (Convolutional Neural
Networks (CNN)) IngaztJudnuwagnisasianase (Bounding Boxes) Fuurlupmiliseu

Toyarinly
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nanN1509Yolo Ao N15UsEyndlyGrid Cellidaun S x S Yaudlulunmiign
Input 1LY wanslugun 2.21 fasaduntensaina1avesingnseiuGrid Cell faGrid Cellas

MMsnTRTuingiu duGrid Celldu o Ml Tmgassiuazlivansiuds deuazdiandu o

U 2.21 Grid Celllumwiilevinisduming (15 x 12)

(‘17lim: https://towardsdatascience.com/mask-detection-using-yolov5-ae40979227a6)

[N AAT333UTRY WAGrd Cellagyiurga1fIiakys B bounding boxes TUAIAILUS
N1510905 hazAn Confidence @1915U boxes Hu A1 Confidence AziNaRBNNTHANIA LU T

voingnivseliily bounding box 1 A1 Confidence WananuauNIs3y 2.22 Aweng

confidence score = p(Object) * IOUé’{—é‘éh (2.15)

Intersection Union Intersection over Union

_BNB, _
" BUB, -

loU

B,

B,

g‘d‘ﬁ 2.22 @Ay Intersection over Union
(‘ﬁ'm: https://www.oreilly.com/library/viewttps://www.oreilly.com/library/view/hands-

on-convolutional-neural/9781789130331/a0267a8a-bdda-452a-9e5a-8b276d7787a
0.xhtml)



aa

'
aa v 1

A1 p(Object) Ao ArrmLaziduiiiiingog melucell wazan 10U Aodrudl intersection
{71 union w94 box 7 lA¥u1BA188n11 A1 p(Object) axiiA1agsEning 0 fa 1 e
confidence fiAwsinfu 0 azagUlddldiianegluerid cell du uonaini uiagbounding
box AxUsznauMIBAImLUTNISIEMeS 6 @ (Pc, bx, by, bw, bh, ¢) #uUsA1 bx fu by 2y
Jugagudnans coordinate bw fia AU wag bh fis ANgevesbounding box 5

Aconfidence?sauagaieAarIpe Uay ¢ fip AATAYRIUNN AUFUT 2.23

y= (pc ’b.r ’b_v ’bh ’bw ’C)

JUN 2.23 W13wesved bounding box

(‘17‘1|m: https://towardsdatascience.com/mask-detection-using-yolov5-ae40979227a6)

warfu Tuwnadl erid cell wunn S x S va9mw Tnausias cell avsiuney B bounding
boxes 9Usznaudae 5 M3fiwes wasfudsnruiasduresnaaife c femuemes
Yolo output vesnsfiaesluaaazLdu S x S x (5 * B + O) snfogratu ndeyaiign
111Imagey COCO dataset Usgnausag 80 AATE WazwAazLYadyinuIe 2 anchor a3y

W1stimes output A9 7 x 7 x (5 * 2 +80)

v

T UTEaIATANDINUVBY Yolo ABN15M5ITUTNOA8N1T9IIUIeN Ll Ug1 VDY

[

bounding box 1UsNaUMEinguazfuNLIveITngN81989mIUANNAA 31NAI9E193UTN

174

2.24 Tuwwadl 2 anchor aglugrid cell 3 x 3 wanalu vector vaenseudiles wasddumny

ANUANY
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Labels for training for

each grid cell:
> confident score
i [Pe] 0
Zx ? » bounding box
'y ?
?
3 y= [l))l: ?
C; ? —» class predictions
C3 ?

'

Bounding box  Bounding box
of green cell of yellow cell

100

U7 2.24 Taiaa Yolo wunngrid cell 3 x3 vinnedngusznause 3 aana

(fian: https://ai-pool.com/a/s/yolov3-and-yolova-in-object-detection)

27 hilaseeulnsamesidasdu

Uagululesmeulvsamesgnihunldedanitmwnsdunududidnnsednd mseld
sldl 1 agan Svunaidn Tia1ga wazididgamsadsenlivihnumudouldlning
Atsnilaghidniufoadisuiniameuon TuidminanleTlilasneulnsaiaesosnumans
As¥NA LYW Z80, PIC, MCS51, AVR, ARM7, ARM9, 68HC LwiazmzQaﬁ%ﬁﬂmamﬁﬁﬁhﬂﬁu
goniy

2.7.1 lassadislulasaeulnsaiaas

lulasaoulnsaiaas (Microcontroller) 11310A137 lulas (Micro) nangiis

YIALAN drur11neulnsatass (Controller) nunsdisiaiununsogunsainiugy
lulasreulnsataes Femnedsgunsalmuaurunadniianunsoniugugunsalniouenls us
Tusgunsaimuay wuadnildussganuannsaiindreedsiussuuneufiuned na e
Lulaspaulnsataes ldsiuie1@iey (CPU) niieA1udn (Memory) Bunmaidnanesa (1/0

Y

Port) 33aLm03 (Register) 299suAndey 0 (Oscillator) waz9asdiannyeiing 1wu 29935uUaq

o

Mndygraeudendundvialesaiedygiu PWM @awzuiaues) lulasreulnsaiass

Feanansailussendldaunivausig 9 lae
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lulasmeulnsataesudaviveiuiazasenatiy dlassasranelunansineiu
Tuegiu UTEnEnanLazynUsratdvensastlulasroulnsaaesiuosiy 4 Wuguves

lassase meluvaslulasaeulnsainesilduseznounagun 2.25

Interrupt Flash s EEPROM UART RAM
Control Memory Memory Port SFR
A A A A A '
Y
Y Y Y Y vy
Y Intemal Address bus / Data
A & 'y A
A
Y Y v Y L
Oscllat Watchdog External Memory Input Qutput Timer 0
cillator
Tirmer Control Port Timer 1

! l b

JUN 2.25 lassaswvaslulasreulvsaiaes

(#1u1: W1eAlsaU AnAsUSAN Lenashulasraulnsaans)

Tnssadelnerhldvedlilnsroulnsaaes tu aunsaudseenulifu 5 dwlng o el

1) wideUszanananatsw3adity (CPU: Central Processing Unit) vimiiitdu qud
naNMUALNTTIIUTITTUUARR eI anae Tasthdoyaringunsaisudoyaun vhau
Uszananadeyanumdweslusunsy uavdsnadnsoonlunhouannalaenisiiau vos
Fiydl 2 Famaz (1) wlnd (Fetch) A nseumdsldsunsundinisaensiardady
ATATT (2) 1BNTA (Executed) fio nsvimuddslusunsuiinonsiaudy

2) nra11481 (Memory) @runsauvssenidu 2 dau Ao (1) wirearudidls
dm3uiulsunsundn (Program Memory) Wisuiailou snsadarvsaiosmeufinnosne
T Aetoyale q AgniAulilutasligameluudildindes Sndunisie (2) mireanus
Youa (Data Memory) Tl wmilounszarunalunisAuines 4ty waziduiiindeya

A1y uwiinladlidss deyanasisluadneiuniae anuwsy (RAM) Tua3es

Q@

AawAmesNI 9 WU widmiululasreulnsamesaielvi niieainudideyavsiineily
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NUIWANTILTY %a%’aga%mawLﬁ'ahiﬁimgm wagtJuddwson (EEPROM: Erasable
Electrically Read-Only Memory) %qmmﬁmﬁuﬁaga ¥l e

3) @ufndeiugunIaintuuen nsenesn (Port) I 2 SnwazAs Nasnaunm (Input
Port) uagwasnadedayaramsenasae1dne (Output Port) duilagldlunisd ousle fu
gunsninmeuen fednduduiiddnunn lsmiussvimesndunmiiofudygyin enaay
shensnaaindiitounluusznananazdslunesaiendnn iileuansnalty nsinaing v
vaoaln 1udu

4) ¥oINLAUVDIFEYgy1al nioUd (BUS) ﬁaLé’umqmmaﬂLﬂﬁauﬁ’igigm%’ayja
FENIN Iy vurerudwaznesn 1 udnvauzvesaedyyindiuiuuinag aneludi
lulaspeulnsaiaes lnsuvndudadeya (Data Bus), Uaueninsa (Address Bus) wazUa

AuAN (Control Bus)

Input
(ALU, Registers, o oirtlgut
and Controls)
] |
Data Bus
[ = e N\,
Address Bus S /L
SIS, —— > )
Control Bus

JUN 2.26 nMsdeansveslulasaoulvsaiaes

(#111: W1eAlsaU AnFEsUIAN Lnanskulasraulnsaans)

- Yasunus (Address Bus) ezt unguanedyqyiud i msuiuasiiumianes
PeyaluniliuanudmIesrymuvtsiegvasgunsalniguansig q Tnevamunisazidu
') N v v ¢ a = v oA ° '
dunanlddsdayasenainlulasinswawesiiiesiaAniesed lngldiossysmunieves
guUnsaiNFBIN1sIEAnsameY LYty
- Uadoya (Data Bus) aztlunauanedyaamldlunissudiloyaniosiadidasng o

sendelulasnsiwaiges funiisaudnlusunsuniiennudiveya gunsaldunauay
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gUnsaleimniiinernsegiusruy Tnetadeyatsfunuvansiiamanniniuuagds
%a;gaﬁu'ﬂﬂLLazﬂé’Uléﬂumaé’muzymﬁmﬁu IngdateyalSeuaiioudeminiu saaiuin
wvilinsfaserildsniadu Wy Tadoyauuy 8 SnagienldiSand: vadeyauuy
4 Un 3

- UaAluAu (Control Bus) %LfJuﬂq'umaé’zgfymﬁdQﬁmmwmﬂauquﬂW5w°wqwu
Ae 9 vesszuu leglulasinswalwesanunsadedyanalunivnuniteanuduazaunsal
Sune/ Loimaneueniiiesunieidsudeyals wazgunsalnuenanunsndsdayaynaan
AN euveslulasinswawesladu ns3ide

5) aasidindyaauiing dududwlszneufiddyundndrunis Weswnnis
vauiisduluialilasnouinsaiaos %%uagjﬁumiﬁmum%’qms MINF Y IUuIRNl
aafige famemmhaufazannsoilédtudmalilulnsneulnsaae iy fenumdilu
nsUssInaRagenuluale

2.7.2  lulaseeulnsaaasuazlulasinsivaives

mnmsimumalulaflunissdnledsulaienuduidueganninig

dwsawesvate q funaseniulinenulasiauiaudunudamesaiy q dawilily
AT FULUY LSI (Large Scale integrated Circuit) 19 wazdinswanselilngaiuisasiy
1012993 M HumheUssanananaosssuteouiinnes snussegliluleTlasFenledd
11 Tulastwswaigas(Microprocessor) 11aaun lulATIN gL @@L Y03 TINAUNUIEAINTT LAz
e Bunp/osing awrililfdussuunefamesinadntunSend lulasneufaines
(Microcomputer) A oaauitat0es 7 b lulasinsigaises i unuisUszutananans
lulasaeulnsaiass (Microcontroller) fie gUnsalmuANwUIRIENTdANLa1NT Tunns
Uszaanawazandulasing o awnsadsulusunsuniugulaegedasy vivbdaunse daluly
uumuasBidnnsedndiidudeulsiiueg1ei imngdunshlvldlusnumueu e q 39
meludilulasaoulnsaimasasysenauniy nulgUssatananaly wiieAudl gunsal
BUNR/L00NE wazNATFINWIRN Willsuduiiszuupeuiumesvuinanussyl luled
Aaufed lulasinswamesliaiunsaseldanuldiiesdaifed asfesdoiunilisnus ey
gunIaldune/tednndsazanunsaululdanuld widilulasreulnsamesaiunsauiluldly
sumuanlivuimszameluldsmemiisanudigunsaBunn/iondnn uazasasisndu

yautninelusile@issusosunan
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A5N15A L UUIUIRY

3.1 naau

n1sanduauiddeviinis@nwiesiziamgnisiinsessdnd fag 1AusIUTw
Foganinogiaia 4 Ussian suvinhmdnnmguifisrtesnussgndldiudanesiy
YOLOV5 (You Look Only Once version 5) n13t58us 1 39anlasatiguszainifiguiuy
Fe¥munsfidnisifiudane3iin Bounding Box wislilumalmnzaudmiunsnsiaduses

AURTUIULUULS 8a ba]

32 waviuasuazgunsalitld
3.21  szuudfuinisaluaznenneuianes
3.2.1.1 seuvUfoAnis Ubuntu 1esdu 18.04
3.2.1.2 TUsunsuArduino Integrated Development Environment
3.2.1.3 lUsunsu Logitech Webcam Software
3.2.1.4 TUsunsu Label IMG
3.2.1.5 mMuilUsunsumeuianes Python Lastu 3.6.7
3.2.1.6 laun3dmsusana3fiuYOLO (You Look Only Once)
3.22 aunsal
3.2.2.1-U85a NVIDIA Jetson Nano n15Useau1anaGPU 128 Core NVIDIA
Maxwell Wag CPU 64-bit Quad-core ARM A57 %ia8A31ud1 RAM 4 %ﬂﬂﬂuﬁ
3.2.2.2 \A309AURLABS AMD Ryzen 5 4600H, Wiaeausn 16 Annglug
syuuUfURNIS 64 On Windows 10
3.2.2.3 uaiaNode MCU W ESP-12F/N
3.2.2.4 @eNIUENAEIING VUIA 20 LGUALUAT x 120 LEUAWLAT X §3 75
Wuiuns wuiniaweines 60 JnR lassassaunuas
3225 gunsalusumuauauswmemas wseaulnil 220 1aavi +/ 10%

AMUD 60 LIRS
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3.2.2.6 gUnIniDimmerUsunseiavaauatadngliinLED usssunszualnii
n59 12 Taav D9 24 1ot nszla 30 woud

3.2.2.7 @ndaniesdnnats ussiulniinszuaadu 12 1aavi wlandu
nszualiinnse 12 Taavi 5 woud 60 T

3.2.2.8 A30eTAAINET1Y UT383

3.2.2.9 wihaei3 vunn 24 1 ArwazBen HD 1366 x 768 finiwa

TnsagUiduununinvesgunsalniugui 3.1 wazeSureszuun1svitauvesgunsainiy

a

Un 3.2

Dimmer Lux Meter

NodeMCU ESP8266

Nvidia Jetson
Nano

Camera

Tower Light
Power Supply 12V

Screen Monitor

JUN 3.1 gunsadsuuy
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Check System

Condition OK

e B erem o
Capture
Objects

None defects

Display the passed
output

Red LED ON

JUN 3.2 szuunsvinuvesgunsel

323 msharsgunsafuussuaenudGesing
n&o9 Logitech gniinfisstzvieandusuiingivaey 25 ufiuns dulu
AadavaenlWLED 11 2 sumtsdnevnauuy MWundegnelnwasinannsyualwiiady 220
Taviidunseualuiiinszuanss 12 - 24 Taasi 199U Dimmer WleySuliaanuadnensd
1,800 an% ad1alassasisurunanainiietesiuasasiou Suuin ne 45 WuRuns x o1
60 LHURLUAT X 9 35 ﬁzwmawmﬁmﬁgﬂqﬂﬂiaﬁmuaummL%’gmama%maﬁ%mﬂwﬁ’mm

YNVDIALNIY MUTUN 3.3
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JUN 3.3 Mshinasgunsal

L

3.3 YUABUNISALLUNISIAY

o
[y 1Y

JUABUNITABRUNNTIILTUNOURIFB LU

=) a "o o
INUUBYAAID g1afiaz i laa

-

BT VLG ARG RICEATREATATR

$

mMsnnsuia e

(3

naaou lunanuAI81l

-

nagou luaaningaia
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) & v o 1 Ao
3.3.1  Yupeumsinudayafiiagreiinlueg
maivdeyavhnsiaszidymdadeiininlisesuuRainguinsssnsud
Tnefinwannszuiunuduaslassasiwesnissdnsduduszuuniseuingieninuiou lay

f518aziduanuaiuanae bl

Tupaudl 1 Ae Tumeunisvhauazeniiuilling
TuRauN 2 fie TunsuNITINANUET TR TINgAIBUIIUAY

Junouil 3 Ao TuNBUNITELALTING

JUADUN 4 AB JUMDUNITNUAING

q

(%
(%

Jupouil 5 Ao TunsunseuingmuANTauY

JUT 3.4 nszuuMsWUATUNY

(ﬁuw: http://www.powton.co.kr/en/application/layout.asp)

[

Tudumoudl 1 wag 2 {WunseuIunsianunuRa Inguiksssaeud iWedseaeasutiiiy

o

waglutumoun 3 ddesinglunuddu Wenudningasauds luduneud 4 szuvaenuae
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[
o a v

ihtunudumeuidielidlunmedeiringiendnnisuszalumoudidnneu uazluiunoy
i 5 auingioanuoutszun 180 - 200 a9 Litelrdduazanefinia 9ntgminuly
ﬂ3smumimwaammmw%mm 1 ¢ Jywmdn 9 loud Faendesnasiuitunndng
vuiuRa IR, MalAnsesdntiuwaznisnszunniiiafngainnisnsgnuiuaausing 4 veq

[ a

1A3 039N IHALTOETNIVUHITIIINNTTUIUNINENTNG AU arunsaeduisanmlaymilagld

q

\A3033le 7 Tools WHuMNMIUaIIUIUN 3.5

Method Material
o Aw
o Aniinee
mMIATINFATN N =
naeUIITI
A 4T o gy r . B o o
Hgafiiiuandaae infunaeunuay
- o
aungMIAaTesUnIng
ey 4y
aIHaoHAMI@ONAN N R T—_—

v o o) . auliahaelumarhau
dediiansessns

magenanmvesalnial anmunAdaNmMINu

Machine Mans

JUT 3.5 uHugiin1adan 7 Tools

natiudoyamegiaiioviling dveyananun 1,060 N1 fasaluil

1) S98UAVIU 265 NN IUINLRAY NI 3 Tadns x 8717 15 Tadluns
2) 508Fa9N 265 MW YUIARAY N9 10 TAAWAT X 817 20 Naduns
3) SRENTLLNIN 265 AW VUIALRAY 1919 1 Taduss x 817 1.5 Naduns

4) 598 3nAUT1 265 M VWALRRY 1319 0.5 Tadiuns x 817 15 Tadiuns
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3.3.2  Yumeumsiassadayadiiegiedmiumsuile

' '
=

3.3.2.1 mawseudoyanmdmiumsuislung WuduneuidAgiiolila

4

Tuinafidenuusiuggsuazdeaiunsifaiam Eror vazvinsimsuisdoya doyanin
s ulwdunuana JPG. Sruraanuniig 640 AnleauazauinaAl1uge 480 Ainia
nngUazdvuniduiomn iWelildnmiifdnvae Amunzandmiunsussuanaes
danesfiuaglindnmsuuamiuainsuesnniaznisyi Contrast d1dunszuiumsusu
amspniduiianaagduiiiin eusua Contrast asdudievininasssessiind

Funugey iauazdniy augun 3.6

JUN 3.6 HasnEnAINUTuANNaINuazinContrast

3.3.2.2 n13%1 Augmentation process Juisnsinudastoyasuatulmiu
v 1ol Y v v a SN a D a o N
Teyalniiidenulndifsadudoyaiiu iloiuysuiuvesteyan iuildlunismsuds

o a = al gj t:l'
ano3NNvedliAg UNTTUIUATVINUA 3 E"LJLL'U‘U FIUNIT9N 3.1
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#5797 3.1 NNsvhAugmentation Pattern

Augmentation Pattern NAANS
n1swan (flip)
- LIRS (Vertical)
o - -
vertical horizontal
N13v3u 90°
- aaduuniing (Clockwise)
- yudiuuniing (Counter-Clockwise)
clockwise counter-clockwise
n13vu 15°
- Nyu-15°
- Nyu15°
=158 15°

3.3.2.3 Msuustayadnsuyii Train Set, Validation Set Uay Test Set Wil
ililueadiussd@nsnmaiunsansiaasusaeimiiuingaslaglinanniseuideves
L.Shao,A.Mahajan,T.Schreck wag D.J.Lehmann #29991U748 “Interactive Regression
Lens for Exploring Scatter Plots.” Lﬁaﬂaaﬁ’umﬂﬁﬂﬁ@m Overfitting ey Under fitting

Ingl435 Cross Validation wustoyasaniludu 9 dauusnuutliiu Test Set 20 Wesidud
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LB AMMUAAILLLUE 1YL wazwUIliAu Validation Set 20 tUastgud L anpdau

lunaliliiAndeynn Overfitting dufndeyauual Uiy Train Set AIUAITITN 3.2

A9 3.2 miLLﬂaﬁé’IaquJaﬁm%'umwﬁﬂmma

No. Classes Train Set Test Set Validation Set
1 | 598U097u 165 55 45
2 | yo8dann 165 55 45
3 IRYNTLLNA 165 55 45
4 | 598ingauINg 165 55 45
334 660 220 180

3.3.2.4 n13viLabel i aivualvliaaiieus seedmiingidoenisi
| aa o o A = ! A A
wenuezidazyszian 35n1510un15a319 Bounding Box tundesdinisunseuaquises

sl TwanAdeiiagldiasesiloniivedn Label IMG puguit 3.7

| 18 1abeiimg Cusers/trais/detection ai/GefectionAl/app/yolovs/cata/defect/images/wain/61 jog [1 / 1

g%éff"e' 2

vimic el

§ §

s @ 21

ip:y

imiolio:

UM 3.7 msldlusunsu Label IMG @319Bounding Box
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HARNSNLAINN15YIBounding box aglalnalusuiuuves text tile mugun 3.8 Aayady

Y

wUs 5 dudsessialuil
AFIRUTA 1 UseLnnueaObject Class sesuuing
AT 2, 3 Ao uninsenatvassUagluinu XY

AT 4, 5 AeA1ANUNINaLaEAINEIYes Bounding box

_| 63.txt - Notepad — O %

File Edit Format View Help
0 9.410156 ©.593750 0.329688 0.241667

Ln 2, Col 1 100%  Unix (LF) UTF-8

JUT 3.8 AsiUs1eaeaInyinBounding box

3.3.2.5 nsteudeyaiieviluing ndeyaiiliinieuniausousos aud

weteyalsinaneer Jalianunsadennlululunameriinisussuiananmudanaiiula
gj a [ 3 = A a 1 . [ = a 1

melunsafen fatdy Azdingguiunisiisendt Batch Size Mswusteyasoniluiiavdiu

asuedundnnisdng 9 ausun 3.9



Batch size
0 0 0O0OOO
1 11111
2 2 2 22 2
3 3 333 3
4 4 4 4 4 4
55 555 5
6 6 6 6 6 6
7 7 7 77 7
8 8 8 88 8
9 9 9 9 9 9
Input Data

J

W eooNOTUS_WNREO

OO UL A~ WNRLRO
OeoNOTU A, WNREO

\

Y

O oONOU B~ WN KL O
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Training ‘ Training ‘ Model Output

!

5U# 3.9 M3Batch Sizetoyativerinnisinsuilaling

AsudanasnulunavadYolo $1UITEaTULNBSTUY 5 IAgVINISAINUAAINISITLADS b

wiwngasietasiunsindyniluszningyinnsmsuts AMRUAAINITIEADSUUIATDINTNT

Joutnlueardu 640 Winwwa mmmmaamwﬁléfﬁusﬁayjaﬂ'awﬁﬁﬁ N1519L795 Batch

Size fnuaLly 20 tietasdunisiansnensvertigUssulananauitaasuiniuld

vV

epochs 11U 100

Poyadzgnlowdlululumaiuauasu 53 50U (53 50U = 1 epochs) AMnuAN1ISineT

A & a s
MITNN 3.3 ﬂ’]iGNV’\I']Wrﬁ'uJLm@isUaﬂiuLﬂa

AN3RaAN 318800
Model Yolov5bs
Dataset 1,060 AN
Image size 640
Batch size 20
Epochs 100 * 3
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mimiuﬁﬁayjammé’aﬂa%ﬁu 98195961 weight v3laaa Yolovss 1uaSusy
aneluldliduusmsiiwesang q ieusud weight Tndiideya 14,449 Alalud unuana
InldLduguuu PT (Panther) T81uau 8 Aedutl 924,698 wna Wevhmsmsuildunaaunsy
AuAINISETAes aglirn weight vasluinaduwuy d9aya 14,056 Alalud 8 AodwY

899,567 a1 MN3UT 3.10

2d0e 0000 0000 0000 7 e )00 00

oeee )1 0002 900 0000 2269 e 20 00
0000 58 2100 0000 0000 504b 06¢ 45db 0000 00
oeee 34 €100 200 0008 0188 eeeo Sedb 0000 00
2506 0000 7101 7101 2269 0000 2080 0072 8172
100 30 ee

Weight 494 Yolov5s Weight 104 Tuiaaduuuy

U7 3.10 s weight voslanna

dll Yo 1 o t-m‘ sg o U A Q‘ U d‘d b4
ieliladianuusiudvedinaliuduizidnm weisht vasn1simsuiisusassounilasasng
VeI sfinasUTuguaAINATIna il nsrUIUNIsiTeNdT transfer learmning agyinling

a S o g &£ v 1 ! o = =
wsuildluasadn 9 LS madnsaanuulugvaslunauanin1inisen 3.4 uaglugun

3.11 wanstayansimsuilaveuAaedNviiaTuLAay 1 epoch

A13197 3.4 AIANLNUEIAINNITHN transfer learning
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fog1e 1nA5 197 4.1 wanshiiuinlunadiuunuseiansesnis o laedaiaau
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TESTING THE MODEL PERFORMANCE ON THE CONVEYOR LINE
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Traisirin Saengseangfa and Suradet Tantrairatn, (2021). DESIGN AND DEVELOPMENT OF
A VISION SYSTEM FOR IDENTIFYING A WORKPIECE QUALITY AND DETECTS
USING OBJECT DETECTION. 25™ International Computer Science and
Fngineering Conference. 18M-20"" November, 2021 at Phayao University,

Thailand.



84

Design and development of a vision system for
identifying a workpiece quality and defects using
object detection

Traisina &

gl caned Suursden T

Schoal of Mech

Testatule of E

5 Univezsity of Technokegy, 111

ity Avenuc, Mg Deiricl, Nakhon Retchasira, Thailand

Emailk tzaisirmi g Loom, sursloigis sulacth,

Absrragi== In amcemotive part: manefacnare, the qualicy of
the produces iz che most impertane isoe for 8 manefsomrer.
Thiz research presemes che desizn and development of sm
meellizens vision medule clasidfying the defeces om objece
surfaces wiimg image proceszimg, arificial incelligence,
comvolutional newral mecwork slgerithm as if wiimg humas
vision. The developed proooype wa: 3 meural mecwork-
supperted computimg syieem for classifring tee defeces om the
surfyce of black car jacks of 18xldx]l® cm (W z L x H) in an
environmest with specific brighmess. The tese resule was the
averape precsien of #5.6%, shewinp that it could detect defects
on the four types of surfaces previowsly specified in the Deep
Lesrmimp procest. It could ske detect mere than sne defeces on
e ame object on the belr conveyor sysoem in real dme withenr
wnderfitting or everfirting problem.

EeywordsemImage Precessng, Arficiol Intellipence,
Convalirtian Neural Nenverk, Deep Learming

I INTRODUCTIGN

Thailand depends largely on exports and domestic use in
automotrve  industy [1]. aercspace mdusity.  shipyard
mdusmy. elecrical appliance and electronics industry, etc. In
those indusry, product qualify confrol process is, without
doubt. required. Faor example. the spray-painting process.
well as many other coating methods [2] dependmgz an the
rypes ofthe marmifacured. is widely performed to emhance the
durability of workpieces. Then there comes the next process,
quality control, to inspect condinens of the outer part of the
workpieces. whather there are scraiches. chafing. bumps md
cracks or not.

Quality confrol [3) inspecting produocts accerding o the
specified feanmes is an essential process every mdusoy has o
zo through before products are delivered o comsumers. To
improve this process’s efficiency, technologees o process
mages is regarded te be useful as, owrently. there e
alparsthms developed in accordmes with the development of
the computer industry.

In addition. Artficial intellizenca (AT) is considered w be
sujtable to perform analysis of abjects Jocated at any places as
mstracted in place of buman vision. Hence, m this research. a
proderype able to detect the defecs on cbjects has been
developed. It was equipped with NVDIA Jetson Nano device
supparting neural netmorks to classify the detected defects
mie four types according o previeusly input dam: it vas alsa
equipped with a miceconiroller o send siznals indicating
ermors detected on the surface of abjects.

BN B MO OO I 0000 C20X X IEEE

I. TEHORY anD METHOD

A, Algorithm

= Imaze Processing

Image processing [4] is photograph manipulation with
computers to improve or change the quality of images so that
they will be more saimble for farther anabysis and other
purposes. Imagss are, firstly. remeved (Image Acquisifiom).
comprassed (Image Compression) and enhamced (Image
Enhancement) by adjusting the brightmess and the colar
sharpoess of each pimel to make them suitable for Deep
Leammgz process. It is commonly wsed i the process of
inspecdon and guality conmal m every mdustry to help
reducing operation time and mcrease efficiency as well as
reliability of mspection which is wseful for industries requiring
hiph accoracy.

» Ariificial Intellizence

Artificial Intellizence [ 3] is a computing system modelad
upen nenral nefworks in human brains. It can learn mmd
optimize processing upan the increasing amoeunt of data
threuzh a self-leaming process conskting of memaorizng.
thinking, analyzing. lsaming and linking complex mformation
at fast speed. Tt collects larze amount of data at high speed and
processes them repeatadly through imtelligent processing
SEEpS.

» Dhzep Leaming

Deep lsaming [§] is a compuier technology developed to
e able to muitte human behaviors. It has a compuiatonal-
thinking process called a neural netorork (W) as it morks like
humans” neural networks, The specific chameoterstic of decp
leamming s that, when applied to image processing to classidy
the defects on farzet ohjscts. it can simmlate condiions and
find answers by piling hidden layers. multipls kayvers of neural
networks. to mere than o lavers o achieve leaming and
smmladen Therefare. it can be concluded that the more layers
of the newral metwerks thers are m processing. the more
accurate deep leaming can become.

» Cenveolurional Neural Nermork

Convelutional Meural Wetrrork is coe of the desp leaming
metheds that simulates human vision. It is able to differentiace
the feanmes of objects such as colars, berders, celor contrast
and keep them within themsalves. As a result. it can recopmize
what those featmes are and classify them Convohational
neural nefrrork uses aforementioned hidden layers [7] te
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identify features and iterates until the answers with accuracy
accordme to the classification come out. Convolutional neural
network analvzes the relationship between the extracted
features mn each layer and the outcomes. How it works 15
divided into 3 parts as follows. (Fig. 1)

1) Inputs are the parts where data or objects are mnput; it
fimetions as human vision.

2y Hidden layers are the parts where processmg is
performed mto layers to do traimng and classification; it
functions as human brains.

1) Outputs are the parts that show the results of feature

classification resulting from usmg multiple lidden layers
analyzing each mage until the answer 15 outpat.
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Fig. 1. Convelutional Neural Network

B. Application qf Yalov algorithm

Concerning the YOLO (You Only Lock Cnce) real-time
object detection algorthm  which 15 one of the most effactive
object detection algornthms that also encompasses many ofthe
most inmovative ideas coming out of the computer +ision
research community. Object detection i1s a eritical capabality
of autonomous vehicls technology. It 15 an area of computer
vision that 15 exploding and working so much better than just
a fewr years ago. At the end of thas article, we will 22 a couple
of recent updates to YOLO by the original researchers of thas
important techmque. YOLO uses a totally different approach.
YOLO is a clever comvolutional neural network (CNIN) fior
domg object detection in real-time. The algonthm applies a
smgle neural network to the full image, and then di-ides the
image Into regions and predicts boundmg boxes and
probabilities for each region. These bounding boxes are
weighted by the predicted probabilities [3]. Therefore, we
have decided to use Yolo version 5 to apply with this thesis.

YOLO version 5 algonithm is chosen to apply this thesiz
because of the follewing reasons:

- Speed: This algorithm mmproves the speed of detection

because 1t can predict objects in real-time.

- High accuracy: YOLO is a predictive technique that
provides accurate results with minimal background errors.

- Learning capabibities: The algorithm has excellent
learnmg capabiliies that enable it to leam the
representations of objects and apply them m object
detection [9].

C. Proceszing system and microcontroller

The prototype was equipped with the Nvidia Jetson Nano
computer board with a 128-core GPU and Linux-based system
for convolutional neural netwerk algorithms. It recer-ed data
from a 30-fps Logitech Full-HD camera for processmg. A
general monitor connected with the computer board with a
HDMI cable was used to display the system operation. In
addition, LED lights were mstalled along with an adustable
power supply device for optimal light output. When the mam
system detected a problem on the surface of an object, it would
send commands in serial communication at a speed of 115,200
through a digital pin for the relay to supply current to the coil.
As a result, the red hight bulb would hght up as shown m Fig.
3

(2) Processing system of the prototype

Nesip dirlescts

I

Passed

Rl LED DN

(b)Workang process
Fiz. 2. The prototype system and working process




D. Inztallation of equipment

The Logitech camera was placed 25 centimeters far from
the target objects. Above its laft and nght sides were LED
Lights whose brightmess was fixed at 1,800 lux because of a
dimmer supplied with power to convert 220+ AC to 12-24+
DC. A sohd plastic structure of 45x60x35 centimeter (W x L
x H) was placed to avoid reflection of hight. There was a belt
conveyor system with a 20x120x75-cm belt (W x L x H); 1t
was equipped with a 60W motor using a speed controller as
shown in Fig 3.

L

E. Meazuring Performance

Fig. 3. Installation of equipment

The prototype’s performance cfficiency was measured
accordmg to Confusion Matrix [10]. The results were
classified mto four v-alues as follows (Fig 4).

1) True Positre (TP): it refers to the number of predictions
where the classifier correctly predicts the positre class as
positrve.

2) True Negatrve (IN): it refers to the number of

predictions where the classifier correctly pradicts the negative
class as negative.

3) False Positrve (FP): it refers to the number of
predictions where the classifier imcomectly predicts the
negative class as positive.

4) False Negative (FN): it refers to the number of
predictions where the classifier mcomeetly predicts the
positive class as nagative.

The above 4 values, TP, TN, FP, and FN, are used to measure
the efficiency with Precision, the ratio of comect positive
predictions to the total predicted positives.

Actual Values

Posithve (1]  Negatwve (0)

é’ Positive (1) Pr ds.m I.p

€ L = —_—
J: TP + FP
¥
&

Negative {0)

Fig. 4. Confusion Matrix size 2 x 2 matnx [11]

E. Data Preparation

The data used to tram the model deep leaming had to be
prepared first. They were categonzed according to the types
previously defmed to make labels. The dataset consisted of a
total of 1,060 images divided into 4 categories below:

1) Seratch with average size of 3x15 millimeters (W x L)
2) Chafing with average size 10x20 nullmaters (W x L)
3) Bump with average size Ix1.5 millimeters (Wx L)

4) Crack with average size 0.5x15 millimeters (W x L)

Every image went through a cleaming process (Clean Data)
and pre-processing process to ensure ther accuracy and
suitability accordingly as shown i Fig. 5.

| Procens Deep Laarning by
(| Fariong el

Fig. 5. Data Preparation

Moreover, every image had to be resized to 640 x 490 pixels
to prevent processing failure due to difference m pixel sizes.
Brightness and contrast of each also had to be adjusted [12]
according to the equation below:

glxy) =af(x,y)+8

After that, a targat location was set so that the system would
leam what was there, leading to add metadata [13] to the
images as well. Bacause this process affacted the efficiency in
1dentification and detection directly, a bounding box had to be
created to dstermine the object rangs, neither blgger nor
smaller than the target. maximizing accuracy and minimizing
deviation as shown mFig. 6.

1) pc was probability for detected objects

2) b, and by, were the width and height of the bounding box
3) by,by was the center pomt of an object

4) C was a defined class.

v=(p.b b b b .c)
b

w

b +
. (h.b)

Fig. 6. Adding the Metadata (boundmg box regression) [14]
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Bounding box labels n each class were created for training.
There were 1.060 label fles in rotal, one label for one image
as shonnin TABLE I

TABLE L. AMOUNT LABELS EACH CLASS

Mo |  Clmim training bact alifation
1_|scratch 165 55 1
2 |chafing 165 55 =1
3 b 165 55 1
2 |ermck 165 53 i
Tonl 550 230 150

In this process. the data had to be divided comectly to avoid
underfitting. wrong cutpus of the model. and cverfitting.
TTCNE cutputs in actual uses despite being comect mmd precise
during taining. The laner sreatly affects the acowacy of the
mandel when the model’s performance is tested with aomal
objects and the problems ocour as shommn m Fiz. 7.

Goed At

Underirting I'.

Hxj)
il reu

mGhyTOEes e Vil

Fig. 7. Underfiring V'S, Overfirting [15]

Among the darasat of 1.060 mazes in torl S60 mapss
were nsed in the maiming for the model to leam the classes of
different defect objects and 220 images o test the parformanc e
of the model. 180 mages ameng those for Tainmg were used
to test the performance after unimz had been fmishad.

Next. the already prepared datasel was inpui ingo the
madel for them to be processed. Unable to be mput at once,
they all were dividad into small zroups which mas called a
batch size. Suitable variables were specified m avedd the
excessive nsage of the CPU and RAM.

Batchuige

aEad | I =

|

Input Data

Fig. B Input the data to the model [16]

For Yolo's alporithm medel this ressarch nsed Yolo
version 5. The images” parameters wene configured o have
the §40-paxed size, the same as the images”, i avord problems
during tramimng. The batch smres” paramelers were et 1o 20,
preventing excessive nsage of CPU. The epoch parameters

were set o 100; by training with 53 iterations to get one epech,
ibe model carried cut 5,300 ierations in tefl as in Table IL

TABLE II. AMOUNT LABELS EACH CLASS

Settimg |y
Modal ¥olor55
Dhatzset L.O6%
Tosage wize: 40
Batch sizs 20
Epochs 100 *3

II. EXPERIMENT RESULTS

A, The resulr af devalaping the modsl

Pythen and some libraries such as Keras. Tensorflow,
Pyterch. Matplotlib, OpenCV, Mumpy. Pandas, Terchvision
Scipy. and Scikit-leam used for deep leaming process wers
applied to develop the medel detecting the defects en objects
and classify classes. More defails on the installation of the
libraries are provided in [17]. The result of the classification
of the four classes, which were scratches. chafing. umps and
cracks. resulted in a relatively high precision of 956 percent
apainst cenfidence as shown m Fig. 9.

1] a T 1] ur Lo

Fig. 9. Precision result from creating the madel

According to the graph. the green line represenfing the Bump
class had the lower precision range than the other classes
becanse the bump had the same feature. Te fix this, a previeus
featare was used for the newt maiming and the mumber of
iterations was morsased.

B. Terning the model! performance with rhe prepared
samplas

The model's performamce was lested with previously
prepared four types of samples which are scratches, chafing.




bumps. and cracks with 100 samples sach meaning 400 in
total, to ses if 0t could classify them cemactly. According to
TABLE II showing the test result, the saccess mate of
classification using comvelutional naural network alzortm
was bt
TABLE I THE RESULT OF TESTING THE MODEL TO
CLASSIFY EXAMPLES

MWo.|  Clns Type ;mm1 ﬂw“'ﬁh' Femk |Accuracy (%)
I [scrarcs 100 [ BEte

g = 100 7] B

3 |chafez 100 ] T

3 |cace 100 [ Bt
|r.m e ]

C. fmplemennng the model in real-nime resumg on e
COMVEVEr PIEm

The model™s performance was tested on the conveyor system
and actual car jacks m real time. Two variables. classified
feanares md training data from the computer, 7ere inpuat into
the NVIDIA Jefson Nano device with the mstalled librames.
Fraquency of the speed controller of the conveyor's motar
was adjosted to 50 Hz. conmolling i to spm the belt at 3
speads: 135 rpm. 120 rpm. and 1701 rpm &; shovn in TABLE
IV. The result shews that it conld detect each defect on the
objects which were nmning on the conveyor belt m raal ims,
classifying them according to features of the defeces correctly
without underfiting ar cverfittmz. Meventheless, when the
abjects” meving speed increased, the camera's fiame rabe was
affected. cousimg the accuracy to decrease accoodmely.

TABLE IV¥. TESTING THE RODEL FERFORMANCE ON THE
COMYEYGR LINE IN REAL-TIME

TOSTIRG THE MOCEL FIRFEOFMAMCT OR THE CORMTYOR LIKE

IV, EXPERIMENT RESULTS

This ressarch to develop the prototype has intesrated
mage processmg  algorithms,  arificial  mielipence
perfomming desp lem:lung mmd convelutional neural netmock
algporithms o examine, amalyze and classify the defects on
objects. Firstly. dataset mas collected from 4 types of samples,
scratches: chafing: bumps: cracks. Then. convehitional neural
petwork alporithms were applied to develop the ability of
feature classification of the collected dataset which needed
‘preparatien nsing the principle from the related researches m
order to avedd Imdm:ﬁmug and overfitting when they were
tested with acual objects.

the first test resulted m the wverage precision of all classes

of 95.6%._ The second one tzsted on varions samples shans
that it could classify the defects on the objects 96%: comectly.
Lastly. when the processing performance efficiency of the
m-del in real tms was tested on the belt conveyar system with
a maximum speed of 770 rpm and on car jacks, it could detect
and classify the defocts on the objects accordingly. As aresult

the

three tests shows that this research on the desizn and

development of an mielizent vision system for identifying a
workpiece quality and defects nsing artificial intellizence can
be an example of how technolopies can be applied m
encgurage development and progress in varons mdusmies.
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