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System Development for Orange Surface Inspection Using Image Processing
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Research Title: “System Development for Orange Surface Inspection Using Image Processing”
Researcher: Mr. THEPJIT CHEYPOCA

Mr. AMATA LUANGPOL

Mr. VIROT WUTI

Mr. APINAI RERKRATN
Faculty: Department of Instrumentation and Control Engineering, F aculty of Engincering,

King Mongkut’s Institute of Technology Ladkrabang.

ABSTRACT

This research project presents system development for orange surface defect detection using image
processing. The proposed system consists of conveyer belt, Ultraviolet (UV) lamp, CCD Camera, electronic
circuits, interface card and computer. K-means clustering and thresholding techniques are used for inspection of

surface defect. The image segments are employed to calculate area of surface defect. The experimental results

show that the proposed system can be detection of surface defect.

(Keywords) : Quality Inspection, Orange surface, Image Processing
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wandlugui 2.2



1.0
0.9 1

0.8 1 Daylight

Incandescent

Nomalized spectral power

Cool white
fluorescent

T T T T

350 400 450 500 550 600 G50 700 750 800

Wavelength (nm)

= i [ — ' o
g*tJ‘w 2.2 Auenaulaaswnasi L lawdwsaz vin [2]

() Fluorescent
31J17‘1 2.3 uvaaniiauaaluunneg http://www.pdc.philips.com/,http://www.lighting.philips.com/



PNMBLTBLaITAkawRarstn Faslranugiaduiwanaeiuly Feniiuens
ARuLaszdRaron 131ty (Resolution) vaanmilld dauandluguil 2.4
0.4 0.5 0.6 0.7

uv BLUE GREEN RED IR

~ Visible 7
P

Wavelength (jam) S 2 Wavelength (jum)

107°% 1075 1071 1077 1077 10 peplergl——gd 10" 10* 105 10° 107 10°

: g NNV S

. ' .
H : H
] [\ ) ) [} . : :
; vy 3 Ultraviolet E E Infrared ': ! '
ALY Free— | —vd (IR} el :
) ' L} L] 1
i Gamma ,  Microwaves, :
"orays +—— Increasing resolution’ ; ]

4 Increasing energy
44— Decreasing wavelength

Radio waves

o ol i i
un 2.4 ANuBTIAAUTO LA luE U [2]

9

war n1sbiuatlagerdiunisasyion Fenmnsonandlafaguil 2.5 waxgun 2.6

Y

dmiuanuasmsAnmwaTlatdandAyasiied 2 35 Aa N1sLaslpensaluning

Camera

-

E LE" E QOO Q)| Lightsource

I 1S=E==

Object

Uil 2.5 msliiuadlnenssluiting (2]
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Camera

T
Light source NN Light source
Object

= v a v
JUA 2.6 msliaslagandenisayviou (2]

2.1.2 ndesihwuinudayanin
ndssdamiuiivdeyanindludiulsynevdiAressruunsiaasugunnlagly
watiansuszanananin lnendesdmiuifivdoyanmniuenmuanuneisugeiaziiag 2 uu fe
1. Charge-Coupled Devices (CCD) Camera
CCO Camera azlauantlunissenmlidnindesanniidianldeuasg
Fyananissunauaniiesnn wulresuuuildmaluladilnini uivsiisiaaunindneusoiuuy
CMOS dm3usetiheues CCD Camera aansanandlanaguil 2.7

311171 2.7 CCD Camera 983U34% Kocoda : http://www.diytrade.com/
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2. Complementary Metal Oxide Semiconductor (CMOS) Camera
CMOS Camera aglWpuanialunistroniwinindesnniidiauldewssi
dygrunissunmugailesin wuwesuuvildmaluladdinin wiszlisiAgnnineugaiiuy
CCD Camera dw3usfog1eas CMOS Camera anunsouandldifazuil 2.8

gﬂﬁ 2.8 CMOS Camera ¥949U3% Mightex Systems : www.mightexsystems.com

2.1.3 ABUNNMDS
peufawme S lugunsaliildluniimuauuazyszananmainndesdmiuiv
Jayanm uashwanlasnldlunsmuaunisinuessuv@enuvsossuuAaLen

2.2 msUssgnaldmatianisussanananiwluaudiunisinens

Tulagduldininintennalianasuszurananmindszanaldlunisnsisaounmunin
wAnAtsTafunsinemsilesniimaugnieiuarsiniandinislfuysdinisasisasy fuans
lushedsioluil

221 msﬂs:qnﬁﬂ%’mﬂﬁﬂm'iﬂ'izmanamwﬂmﬁuqmmmi‘fmg

AmumATeunsamves J. Lu, J. Tan, P. Shatadal and D.E. Gerrard 310

uvInende Purdue University Ustinaianigewinm dalsinausnisuszondlfinadianisusznana
amilunisusaifivauammdony 3] Taglénmsuszainananwlunisusnnmiiieasnannlusiud
fhogaluguil 2.9 warguil 2.10
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& ' & | o o
31J1n 2.9 mwmmuawuﬁnauw%mmsﬂszmawamw (3]

#

< & v o
U 2.10 nmaneiliovymawinisuszanananw [3]
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2.2.2 myUszgndldimadianisuszananan wussiiunnningiuna
dmiuanaeiidunmsianives Gamal ElMasry, Sergio Cubero, Enrique Molt

and Jos Blasco 370 Instituto Valenciano de Investigaciones Agrarias (IVIA) Uszinaaiuu ﬁ'ﬁ;qg’fﬁﬂ
livhnmsuszgnalfinaiianisusvanananmdseiiununimueniausiudiaid] Seiasiudsaifasioail
sludsgy fesheenslugud 2.11 uazguil 2.12

sUnsalidtadeaioasamnlun
§ L

o - . oy

{[Ehs-

r = ot N & e W . : ,
JUR 2.11 dnwngveaaiaanldlunisusuiivanniniialul3aves Instituto Valenciano de
Investigaciones Agrarias (IVIA) [4].

—Regular side

Normalized radius r(t), pixels

—Irregular side

]
9]

-~
i

(¢] 128 256 384 51
Boundary points (t)

< o W O ay v < / a YY) o o
JUR 2.12 mamsnaaeuidiudsilanniasesililunisussfivgaunwindudsalugui 2.11 4]
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2.2.3 msUszgndldimaiianisusznrananwlunisusuidiuanuniwaauznen
dmFuanddotidunisiauives Elena Guzman, Vincent Baeten, Juan Anlonio
Fernandez Pierna and José A. Garcia-Mesa mnqu&ﬁﬁ’a Walloon Agricultural Research Centre
Ussmewaion Fa3dulsvhnsussgndldnmene Visible (RGB) image Was Near infrared (NIR)
image sawiumaiiansUszinananmlumsysziiuaunmuaznen [5] Jauaadunsnsaaziili
Whunanzneniiliinunmdmaudy feiosndlugui 2.13 fuguit 2.15

gﬂﬁ 2.13 Visible (RGB) image uainanznan (5]

gﬂﬁ 2.14 infrared (IR) images ¥adNanznan [5]
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unil 3
n1sasvdeuRunmnddlasliinaiianisuszulananiw

ludagtulaiinswauntdiewmalulaglunisuszuanimunldlunisnsisaoununind
Fununnevaneds iesnniideffotiouseudausany wasnalunsnsieaey uenaininsld
aurimihilunmsasvaeuiilidatdymiuuinmne wu
- AnuatlunsnsEay
- ANNBBUAYNEINNIINTINADY
- wavesAwaTesiuiildlunsnsanaey
NnwmaRanang Mliludagiuiinsideuazsiaunssvuamagauauniwduagunwlnels
weflamsuszianan miusnanne Wetsygnaldnulunsasnae unmnwue i &
fogaraluil

3.1 msUssgnaldimatianisuszurananinlunisiiasznanyuen1an1en eIl du
dmsuendtuiduniswannves Abdolabbas Jafari, Mohammad Reza Zarezadeh ua¥
Atefeh Fazayeli 9InumiAvend Shiraz Uszinadusiu dldtihauematialunisussifiugoniwea
dulaomafiansUTEIINRAN NN TR T RN Y ENNIUAIMYRIRI A Famadiduna1ndn
fnwazmangnmussiadingiBusyusnamunmmelunadudnesislusud 3.1 uay 5U7 3.2

[

=i a w o v
un 3.1 NWUENINNIBAINYDIRIFLLAE EnwzN s luNady: http://www2.atb-potsdam.de/



@
duinwedyanan wszaouindia1ansei

i

Red Component Value of the Pixels
g

Red Component Value of the Pixels
§

-

BREIFEARITZRREIIAEFEFES b

s s

n
11
ol

=R

JUN 3.2 dnuaugnsmBinga (Pixel) vasniwludiuvetninysenaudunsilavinuadumaaaaiuy:
http://www?2.atb-potsdam.de/

991NN ANANLYaA (Pixel) voan W udIuY9999AUTE NBVALAIALAIINHAF ULARE LU UL
AMUWANANNNY Fus1anansoludnsiemnayiinsarwenUseInnvosagunabula

3.2 msﬂs:qnm"’l'z'fmﬂﬁﬂmws:mawamwmnmwd'}wawmmaﬂﬂﬁuiumﬁmsqzﬁ'ﬁaﬁs
UNWIDIUUHIFN

dm¥usdSoifidunswanyed J. Blasco a, N. Aleixos, J. Gomez waw E. Molto 970
1MANeTdy Universitat Jaume | de Castello Ussmasidu Galfiauanmstihnindienaduiinim
gwnduineg anldlumsiseimsesunnsasuuindu (6] swhegdluguil 3.3 faguil 3.6

5Ufl 3.3 Visible image [6]

137824



Eﬂﬁ 3.4 Near-infrared image [6]

‘g‘dﬁ 3.5 Fluorescence image [6]

gﬂﬁ 3.6 Ultraviolet image [6]
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MNFUT 3.3 fagui 3.6 ssiuhnmaeraduluwsazanuenaduaglinmessaunnsos
Ausnanaiuly studiohn wluwdazanueneduuviimsieseisuiudsdsalinnugniesdy
ANSARLENLALUY

3.3 msUszgnaldinaiinnisuszurananwlunismvuiaiasUsunnsveanady
dmsvamddeiidunsianves M. Omid, M. Khojastehnazhand and A. Tabatabaeefar
NMNUMINEEY Tarbiat Moddares Uszinednsau SeliinauanisnmsmvuatasUsuinsesuady
Tnglgwatianisuszanuuan I IneinwagraduIINNasI@e LI TIATIEIMIAUUIALEY
Usinnsvesuaduiiwnmaaeu [7] fashagdluguil 3.7 faguit 3.9

i

(b)

(c)
ﬁl 1 2 o o o o = e
JUT 3.8 dayanmdudmiunisilumuamunawasUSinnsveanadu [7]
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U7 3.8 dayanmitldzgmiluannumunauasUiinaseemadulaemainns
Ussinananmagly

3.4 msUszendldinafianisuszurananiwatnamanedasadnueaaulunisinmevises
UNWIBIUUHIFY

dm¥uanadedidunsiannves Jianwei Qin, Thomas F. Burks, Xuhui Zhao, Nikhil
Niphadkar and Mark A. Ritenour 39nuM1AMe1&s University of Florida Uszinsanigawin a4l
dauenisussgnaldinadinnisuszunananimainninaisasaninuenaaulunsiinseises
unnsesvuindy Inemaideldhnwaienadiiinrmenaadu 7300m wazAnae1IAdu 830nm i
vhmsussurananmsmiuiiomsesunnsesuuingy [8] fsfediiuandlugud 3.9

Registered Image (Cam 1, 730 nm) Masked Band Ralio Image (R830/R730) Binary Image

Ratio Simple

Calculation ) Morphological
/ ? Thresholding Filtering
Registered Image (Cam 2, 830 nm) Fruit Mask Image Image for Classification

ol i - a ¢ | a v . . .
UM 3.9 nmenaeanue1eFulun1sIAsIERI0sUNWIDIUURIENYY University of Florida (8]

3.4 msUszgndltinailanisuszulananinlagldnwdiedansilaloian wasalsagud
(Ultraviolet Fluorescence) 11A573988UTBHUNNIBIVDIRIHULYUDS

dmivnuiteidunsiaunees D.C Slaughter, D.M. Obenland, J.F. Thompsona, M.L.
Arpaia and D.A. Margosan 31nU%1INg&ay University of California, Riverside Ussinmanigaiusnn
Faldvavenisuszgndldimafianisuszinamanimlaglinmdiedanstialoian aoaisawud
(Ultraviolet Fluorescence) 1Mms19@0 U508 uUNNSa4uesduLtLds 1] ﬁmamﬁaaé'}ﬂugﬂﬁ 3.10
SU#t 3.12
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2.5 } f }
Bl rTRSHRS SR, [NERSS ) S|

—&— Orange
—#— Tangerine

2T ﬂ —e— Grapefruit ||
[ ﬁ —¥— Lemon
j\” E —— Lime

154 \ \ 1
: \

Relative Fluorescence
-
" ]

0.5

i i L i i i i L ‘ ¢ - l: i pe= ~ .
400 500 600 700 800
Wavelength (nm)

JUT 3.10 Anuidavenamgenisasuaateaduigg Weasuddansillelanainueiaiu
365nm VBRalEHAA139 (1]

U7 3.12 nwdnedansalilelan Waeelsawud (Ultraviolet Fluorescence) wasmady [1]
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JUN 3.13 MNTDIUNNIBIVONFIEAIINNIUN U sERIaNan W [1]
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unil 4
szuUAsIRdaURUAWRIdNlagldnatianisUsEuIaNanIw

ﬁw%’u’luwf}’%na"nﬁaswamﬁammaswwmmaauammwﬁqﬁﬂma‘h’fmﬂﬁﬂﬂﬁ
Uszanananin Tagseuuiiianniumnasussnaudiediusineg fauandluguil 4.1 2993
Blannselinddmivaruaunsvhnuwesssuy gasivasununmindu ssuvaiswunady
sruuAauenaady wazlusunsudmsumiugunisiinueesssuuiasyszanananin laeil
swavduadsil

Control Computer

CCD Controller | Image —J\

Interface /| Acquisition |-
- ] i
Preprocessing
=
Accept/Reject % Sortin, AT (X s
T I £ & \—(_Calculation | —| Segmentation

_ i‘ 4
@ ORANGE — UV LIGHT SOURCE ! CCD CAMERA
AN

JUR 4.1 svuuesadeauaun iadulasldinalinnisuszanananin

A o / L4 o
’ﬂ?ﬂ:}}ﬂ'ﬂ 4.1 'i$UUWﬁ’Jﬁ]a’t)'UFjElJﬂ"IWN']’dlf[ﬂEﬂ;‘Ut‘/lﬂUﬂﬂ']'iUiSlJ'JﬁNﬁﬂ']Wﬂ%

o w as

Usenaumeudiuusynouidifeyaail
4.1 wasanuiauawwaniilalotan (Ultiaviolel Lamp : UV Lamp)
dmiunasaiiiauasdansblaandmivldlussuunsivasunmn g
lngldimaiianisuszanananini neideldidenldvasalivasusdv Philips Ju TL 10W
I~ a v i =
BLB Feamnsnuaniisazidunlanguil 4.2 uagguil 4.3
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/ £ S A
[ — o |
= / / A
[/
<< e

- -
<] -
Type A B B & D

max. min. max. max. max.
Cap/base G5
TL'4W 1359 140.5 143.0 1501 16.0
TL'6W $12.1 2168 2192 2263 16.0
TL'8W 2883 2930 2954 3025 16.0
Cap/base G13
TL'D 10w 83 T 3362 338.6 345.7 280 |
TLUD 15w 4374 4471 4445 451.6 280
TUD 18W 5898 5945 596.9 604.0 280
TL'D 30w 8944 895.3 9017 9088 280
TL'D 36W 11994 12041 1206.5 12136 280
TL' 20W RS 5898 5945 5969 £04.0 40.5
TL' 40W RS 11994 12041 12065 12134 40.5

http://www.lighting. philips.com/

JUT 4.2 vunvomasalnitldlulasaniside

http://www.100y.com/tw



% 100 pm
g [l
60F
40 8

20F

300 400 500 600 700 Anm
JUT 4.3 amuemeduvainasninvamaonnilglulasinisivy
http://www.lighting. philips.com/

4.2 vauual (WEBCAM Camera)

dwiululasamsiseildidenldnassrunamiugUnsailunstenimnadui
dnasiedeu uffefuesnisldndesuuauiae sieaign aganlumsdendedayaiiiiy
in3esnonfiamesiiunimain USB Tnondaaiunaniidentdlulasinisiduiifuvesusdy
Logitech 3u HD Webcam €310 Tngdnumuzuazoazidonuesndasauuaniliannsouans
Teisegui 4.4 wazmisnadt 4.1

SU#l 4.4 ndeaauumasuFev Logitech §u HD Webcam C310 ;
http://www.logitech.com/
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d R ;3 o s 1
M5199 4.1 AauRveIndsdTunANaIuiEy Logitech ju HD Webcam C310

NABAIVLANYBIUIYN Logitech qu HD Webcam C310

AINALLDEN 16 Mega pixels

Resolution 5M pixels

cable 5-foot

Digital Zoom 4x

Port Hi-Speed USB 2.0

System requirements e 24 GHzIntel® Core™2 Duo
« 2 GB RAM
200 MB hard drive space
e USB 2.0 port
e 1 Mbps upload speed or higher
e 1280 x 720 screen resolution

4.3 TUsunsudmiun13AIuANuLazUsZIaKA

dm3lulnsiniveiorlilUsunsy MATLAB Tunsvimiiinunuuasyszanawa
TaeTusunsuaziwdsoenitiy - 2 dw Ae. Tsuasulunismumuszuuiaglusunsilunis
msn9EaUTEBUAMSDIULAIAY Tnusaudeavestusunsalusasd uaansotandliadl

4.3.1 Wsunsalunisavauszuy

dmsulusunsilunismvaussuvaslddmivauquasinasununmindulaoly
matiamsUsTanan LA s uwnesamenen UsB lasTulasensiduiiidentdnnda
Sumesinaveauithn National Instrument (NI} $u USB-6009 Saitdnuaizuasnmaudids
uandluns1e 4.2 uagguil 4.5

M5197 4.2 AuaETRveInindumasinavesuT e National Instrument (NI) gu USB-6009 [9]

Feature NI USB-6008 NI USB-6009
Al Resolution 12 bits differential, 14 bits differential,
11 bits single-ended 13 bits single-ended
Maximum Al Sample Rate, 10 kS/s 48 kS/s
Single Channel”
Maximum Al Sample Rale. 10 kS/s 48 kS/s
Multiple Channels (Aggregate)”
D10 Configuration Open collector Open collector or active drive

" System dependent.




. 23.19 mm
: 81.81 mm i (0.9131n.),
| (3.221 in.) ! P>
! o T — I i 7
| fu\t _________ o ; ;p i
(Treseeses - T
T lEseseces L =
| I Resecn, o E|
| | =
1 85.09 mm %
| (3.350 in.) sl |
NATIONAL Hp I
INSTRUMENTS 76.09 mm '
(2.996 in.) HI |
D) =
7 . L\ s
iy Aol | o
0.9 0 0 © : : % ___,E
00 0 Q00 O | I ol i
l il ——-—-u;—:':if‘fr-_-l _____ ’ ______ 1_ ':f.’.'_';_i—_—.' __:}
g 63.50 mm I[ i
7 (2.500 in.) i |
! 72.65 mm |
! (2.860 in.) i
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Uil 4.5 SnunisuesniinBumeilaneau3si National Instrument (N1) 3y USB-6009 [9]

dwiunindumeiiaszgninluruANdILAN9Y UBITEUURTIVEBUANN HITIFY
v = @ <
lngltinatiansuszurananindauandlugui 4.6

COMPUTER CONTROL

POSITION SENSOR |

CONVEYOR BELT MOTOR

POSITION SENSOR Il

SORTING MOTOR

POSITION SENSOR Il

JUN 4.6 maeusianindumesiva



U

o
i

dwiulusunsumaihaulunsmuaussuunmuagansauanalanagui 4.7

START

-

ASIVHDUNAHY
o
Position Sensor |
NO
YES
é’qmawqwquﬁmaﬁuLﬁﬂﬁmwaau
o

Position Sensor Il

NO

YES

ATIVHDUTDHUNWIDIVLHIFUARE
o W &
TUsHNSUNWRIIYULN

Y

dAedrewnuandeanazdauanien
Haduuaznyn " amm—

Position Sensor Il

NO

YES

END

4.7 fumsumaihnuvesszuunTvdeuaun nidilagldinadanisuszutananw
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MNUA 4.7 dmdutursunsinuresssuuasvasuamnwindulagldinaiians
Ussinananazdduneulunmsyiaudall 3uan POSITION SENSOR | dsfindaatsimmii
yosanewiu Wieviwihiilunsnsadunadu wedinslivemesmunuaowuadouing
dudngnsanasy eagdl POSITION SENSOR I iilevihwifinsaaaeunadulivganadiuszey
\Auamwesndesiuuaiuasifiunmiiethlulszinanasslusunsunsisaausasunwies
vulnduiianniumn wasndonsuiumesusvinananmaaiadnuiewmesauauaeniy
vhoudieimadusenludsssuudauenyinisdausnraduiifisesunnsasesnluuazvganis
vhawwesaewuilonaduiadouritu POSITION SENSOR il wagseauninasiinadulmivi
WvinnsnsREey

4.3.2 Wsun3ulun13n 59988 UTBEUNWIDIVUHIHY

dmdunisnraeusetunniasuuiadilaglfinalanisuszanananinazisuainaiy
wasdansiblalanasuuinduiinnmsnasudsdiasesunnsosgniasdansililoan seiiia
ﬂﬁ‘iLUﬁIGLLﬁﬂWQE}E}LiﬂL‘UU&ﬁrﬁﬁ‘izﬁUﬂ’huLﬁMﬂ'}’ll!LLGmGl"]\"IﬁulﬂiﬂU%UIWH‘TTUGQﬁUﬁﬂEmL“Uﬂﬂ
sovunwseaiiintuusnasauemady  lagluduvomaduiiisosunwsesnsiianis
Waanamgesisaiaustusndstuinsnin s rssnaduildluvinnisuszinanadas
wadansuszanananin fagURl 4.8 59 3UR 4.10 iivaEsofiasinIsAaLenann
vowaduihinesvaeuls lnoliaiuivessesunvisasiisnuanldinlilunisussdiv

a Y a4 o
JUT 4.8 dnvauznaduilovhnisaiemeuaninvaenngooisaigun
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o Y vooa o v Y
E‘UVI 4.9 anvaeaduiiiovinimismoiasdansthilaan

5U# 4.10 Snwuenaduniisesunndaadlavinnisanesmenasansilalaway

amsulusunsulunisnsivaeusasunnsssvuiindulaeldinatinnisusyananann
eUsENaUMEDanasfiy 2 d1ufe 9anasiulunIsuenNINTa8UNNIDAVBHIFLBBNINNNE
v [ a e 4 A | a v a =l ' &
71 wazdanasnulun1sMIATNUNYEI5BEUNNIBIVLREY Maseavidanmalul
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4.3.2.1 9ana3nNluNTUENATNIBBUNNIDIVRIRIFNDBNINNAF

dvsusanesinilagrimiidunisueniuiideemadudiisesunngos
panin Tnsdanaifiulunmsusziananimaglddanesfiuuuuiniiu (K-Means clustering) @
Husane3iuilifuegraunsnarslumsiinssiutaingudoya (Clustering Analysis) Tn
Snuarduneunisinuvesdanesiuiildlunisueniiuiidvenaduiiiisesunniaseanin

mmsmmmlﬁﬁagﬂﬁ 4.11
( START )

Read the orange image

4

Convert Image from RGB Color
Space to L*a*b* Color Space

!

Classify the Colors in 'a*b*' Space
Using K-MEANS Clustering

¢

Label Every Pixel in the Image Using
the Results from K-MEANS

.

Create Images that Segment the
Image by Color

!

END

5UM 4.11 saneiiulumsueniuidvewaduniisogunwsesaanin

mﬂg‘uﬁ 4.11 Msmsueniuiiduesnaduitisosunnseseanin szEuaNTuneud 1
nslvann e mkadufienesendesfuna mﬂﬁummﬁlﬁ%gnﬁﬂﬂﬂsxmamamaﬂ,u
Fane3iiu Busnmsudasnmitldduainssuud RGB Wussuuauuy L*a*b Color Liteamny
delunisuondueanmm antuld K-Means Clustering Wawsnnwivesnaduiifisesunnses
E}@Jml1%}\1{%6&]’]&ﬂﬁiﬁﬁﬂ?u%@dﬁﬁﬂﬂ%ﬁuﬁ’lﬁJTSﬂLLﬁﬁ\i‘lﬁﬁx‘lgUﬁl 4.12



1 73 ‘;d L d o v s
(N) AMnaERAFUTLSOUANTBNLaYNSANYIBLABans lIlelan

(1) MweaduletudanasnulunIsLeNfuNAveaduNilsosUNWIaIDNLN

JUT 4.12 nan1snaaeudanesiinlumaueniuidvemadunisssunnioasnin
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4.3.2.2 SanesfinlunismAriuiivessesunniosuufingy

dwdudanesivduiasvimihlunsiuanmAvessesunnssauuRaEL
Tngldnmitldansanesfiulumsuonitufidvesmaduiitisesunwsaseanunldiitefuanmen
Muiidsdunsunsmituiivessesunwiasuuinduaninsouandldfagud 4.13

START

Read the image : segmented_images

Convert RGB image to grayscale

v

Thresholding
Measure pixels of orange surface
defect

!

Calculate Area of orange surface
defect

END

]
=l

JUR 4.13 danesiulunmsmiAriuiveasesunnsesuuH N

mﬂg‘uﬁ' 413 funeumsvnanuvessanssiulunsmmiuiivessesunnios
uindy Buamihnwitldansanesinlunismeniiuiivessesunnssauuindunnuyasen
seuudlvinaredu Grayscale ntldds Thresholding iteuuasmamlnanediugy
vostoyafinia (Pixel) faessviviunourslufemsiiusuauinisavesdluudazamiteyi
nmseuanudiuiivessesunnsssuuingy  Tnefegrnisviauresdanesfivaninse
wansleidagUil 4.14



(n) AMRaduiloniusanasnulunsuanNUNAYDIHadUNTTosUNNIDIDENLN
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AbrnaLY. This paper provenis sysicm develagmant for omnge surfare defect detection
wsing NGy provessenn dhe proposed system consseds of conseyer bell, Ulbraesadet (111

tamp, OUD Camera, sleviromse rovails, mierface aend and

and computer Komeans f'!u-:irrmﬂ
amid thresholding terfnioues are nssd for mapection of swifare d'r_ff"‘l' The troge wovnends
ams emploged Lo calinlale wve of surfuce defect The ropemrenial peniliy show Hhal the
pruposed sysiem can be dedoction s surfoce defert

Kevwords: Deface detection. Gringe surliee, Tniee procssing

Introduction. Imaze processing tockinbques ae widels ssod i many andussrial ap-
phiestions 1-3 . food rrmﬁzuﬁwtur‘ng. irdus al avtomation, produd mapention,
and remote snsing. For foed mdustoy, T i used to guality evalusgion of
many food produst such us grading of pnla{mv quuiity eyvaluation of strawherrics, oibris
fruits, apples and seaload, quality inspection of .J(er) carpasscs, quality megsureen
ol cosked steats, snd quality evabiation of meal cuts,

The orange is the frnit of the sibras gpegics. The quality of orenge s based on Hroness,
maturily. texture, color und shape. Freblam of surleee defest in many oranges 15 one of the
meat influentisl factors m ghe price of orange product. Many rescarpbers hive profprossd
method br deechion of defeet inaranze EET E.} M. Bulenen otal. ased polfispee irm
meaging algorithm leodetogs cilrss hasd oo byperspeetral amage data |
I Comez-Sanchiz of al. proposod %ml ;.H"m for carby dedietion of rotte rneas
o by Penicillinm digitatum i mandarios A, Jafari of al. prosenbed orange
erading based on visual texture features. They prr}pnuc\-i non desinetive method for
arading of orange by ki retio G 1 J. Lopez et sl presented hnage analyss algorichoms
for clasalving different surfuce defocts . However, the above mentioned wystorm
I VOTY CRpET This paper presents low-cost system develupment for orange surfacs
defect detection using inage procrssing,

T il 133
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50


CLP13
Textbox

CLP13
Textbox

CLP13
Textbox


1306 A& RERKRATN T CUFYTOOA. A RAPWPOONSUR AND T KAMSRE

2. Systom Description. The schematic diagram of progosed sestem for srange surface
defect deteotion wsing image prooossing is shown in Figure 1

From Figure 1. the praposed system eonsisis of conveyer belt, UV lamp, CCD Crners,
electreaie arcaits, interface card snd computer. Conveyer belt is used for Lransporting
arange samph o detection box. UV Lanp s med to expose ultravicles lght wave longih
shout 3d0nm to crenge sample. CCD camera is employved for Image capture. Camputer
15 erpleved for controb sestem and image sonlysis, Image soquisition system s used for
imsge caplure. A digital image of orange is captuted and stored i U compizer befare
analysis by proposed algerithn, The image scquisition syslem consists of:

LA CCOD camern with § megapixels of resoletion, {rapsmission rate 30 Ips with USD
interfece for image caplon.

2. Notebook computer svstem for store and analvsis of the orang

3. Two ultraviolet lamps (U Jarnpe ) cnit wliravioles dight with

Wi

surface image.
part of the speetrum

3.
REEAR LN

LA wood b withiamtinor of box painted Black to
fixes two UV lamps and OO eqrniera,

o hasekgronnd lght, which

Cantrud Coanpalis

i SOy Canpalles]| Untage (-
. i lwurtuee Arquidtion

Comvener belt i Fref slenthay l

j

b

""" Aren

ol A T
ovept Bejeel Aoatitng i ’
& At L o & aleutation | Sepientation

O% A NGE = I LEGET S0 BOE I CO D adERY

o

Fiovne 1. Schematie disgriom of groposcd systemn for oramge surfuee defeet
deteption using image processing

3. Image Analysis. Orange image from the image acquisition svsten is used for orange
surface defect detevizon by o analysis, Image anslysis s soparated into iwoe parts as
yent i Flgure 2,

Ggare 2a) shows image presvssing algonithm for color segmentation of orsnge. The
thn 1 based on W-mesns clistering and thesholding techmgue 11.89]. Two classi-
fied irnnges wre gonersted By this algorithm, normal end defect surface. The sepmentation
images ere used to calenlate sres of normal and defeet surfeces by algonithm as shoan in
Figure 2(b). The normal and defeet surfaces are used to cvaluate quality of orange.

4. Experimental Results, To ovaluale the performance of the proposed slgonithm for
colenlating area. cirelar and trisngular objoets with size of 1 to 100em® were used in
experinents, Figures Ju) amd 3{h) show cieenlar and tnangudar objects for wse i exper-
LITIETINE.
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Froune 5. Pereent errors of enanguisr ahjocts
£ }

J} 1)

il {dy

Fioune 6. Four orange samples for wsting the proposed aystem. {a] Sam-
pie £, (b sample 1, fo) zample 1 and (d} sample [V

W mnsasurad the arca of ohjorts and oompared with calealablc orea of the preposcod
eleonthm. Fizurcg dand 5 show porecnt crrorzof calculsble area.

To venfy the perfomasnce of the propossd system, four orange sampls sre used for
experiment. Figures 8(a)-6{d} show oranges with different types of surlaes defect orange
for testing the proposed svétem,

Filgures 7-1 show sczmnantation fmags:
FO() show orange images after expost
(k] show color segmentsfion imnges in a part of surfaec defeet JTor orange sanples [ 11
I, and IV, respectively. Figures Tlef. $cl. 90c¢) and 10{c) show the images of Figures
Tiby, 8ib), 9{b} and 10{b) atter usng thresholding tochague, which can distingiash the
image of surface defoet. Table 1 she sereentaze of surface defoet of orange sumnples that

celenlate from aron of surface orange and dedect.

of orange sample. Figuzes Ta). 8(a), 9(a] and

lurnviolet Jight. Fhusmnres 7k, &(h), (b} and
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