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ABSTRACT

The objective of this article is to study the effect of illumination on color changes
in cooked pork sausage packed in transparence plastic linear low-density polyethylene

(LLPDE) and polyamide & linear low-density polyethylene (PA & LLDPE) and stored at

temperature of 3%1°C for 4 weeks under various light conditions before conveying
them to products distribution to the consumers. The experiments were compared
among the storage conditions of dark and light from different light sources (fluorescent
and LED) at light temperatures of 3000 K and 6500 K. The distance between light
source and sample was adjusted until the light intensity incident on a sample surface
was close to 200 and 500 lux. The results obtained from the visual inspection, image
analysis (RGB model) and color measuring instrument were in agreement among them
and indicated that sausages packed in LLDPE had a significant highest discoloration
(P<0.05) in the light storage. Color changes were estimated by decreasing of redness
(a*) or increasing of lightness (L*). The data obtained from the study of the color
properties of this sausage has been used to develop sausage color inspection using
machine vision systems based on the collaboration between the image sensor device
set and the image processing program on the computer. From experimental result, the
accuracy of the sausage color inspection is 92%, which can be further developed as
an automated inspection and evaluation system or can be developed as a mobile

application.
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Avadldnsenunndnuasiiddydmiunmsdaduladentondntusivesiuilna ne

guslamunsdnldfduiudslumsfinnsananuanveswnde dau windusidednilng
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GGG (Eyiler and Oztan, 2011; Gibis and Rieblinger, 2011)
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v ¢ a o o
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walded azinan1snesusveslulaslglulelnatu (nitrosomyoglobin, dMbNO) @u il
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U L3
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v a o Y a a A & = a <)
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MTLATwRFUATImN (Image Analysis) LﬂuﬂﬂiﬁwgﬂmwL?T%L@qumﬁi’mlé’aaﬂ G
nszvrumMsUsznanannazlianisinesnun Wy myind msinvunn Wudu ddunis
Sinnwigunmiundnidedldldfagdesdinsussnananmiate Tnengussasdveanis
Uszanananmlunszuaumslinsizinmine mahliaunmuesn iy Fazdmalinng
Anmeinmdanugniennndedy

nsUszmananmdunisdenldtunewitenssuisle 4 wnsyifuaw e

Usulgenaunnvesn mlilanmlminiinuaudfniudenis lngdunaunisussuiananin

lngldszuunpuiimesitulanisiagun 2.2



nsUszananannUsznaudlsnatsduneu Idud nsfunin n1sufulge
ANIMNTBINTH MTLENEIL uazmsdnngy Sedunousing q 5uawm15035uLLaw‘hGgﬂlﬁGﬁuagj
fudnuagvesnw MeasBundmiuusaziunou fd

1) n1ssudayanin (Image Acquisition) n1ssuteyaninuuseandu 2
mhefiugu wheusnimihfisuaunesuvesnduusindnlnihuazdinszudlniheanuiu
fnduseaUnauiinld uasmisefiaesimihiudsudygaliinlieglusuuuudagya
Ainoaiieasnsntnluuszinanaluiissnouiiuneild Tngodugunsaifiuuasd qaa
sundenilufdnea wu suwniulues (Frame Grabber) \usu

2) nsUszananantmidesdy (Image Pre-Processing) N15UISUIANANTN

X v oA ° 1% A & & oa Y Y] [V
LUBNAIU AD ﬂ53U'JUﬂr]iVnsLmﬂﬂ']WV]§J?JZMﬂ’]WlI’]ﬂGUU YIUNANNUAYNITUIUNTIINIYNUY lﬂLLﬂ

'
= 1

ﬂ’]iﬂﬂ%@u&iyiyﬂm A3ATI9VTaUIRn e luA NISLUANALTRNIANEAINYBINTN AT

9 Y

a a & a = A v v & v
wlasd NITIATIZVANNTIAILG KAZNITVUDATOLANTIN LUUAY

SUAL

l Color Image

FUATN

v

SN Gray-Scale Image
YTULAININ 4 s

Binary Image >
N

4

UY52aanan N
AATIZANIN

¥
1Y

5UN 2.2 TupaunsUsEUIANAN I

fian : Scott, 1998



3) NFFUIUNTUBNEIUNM (Segmentation) nszurunsihiumsuendiues
adiddnuarsmiusoniiud o lnsfinsauidwladuvesing (Objects) dalaidu
2 dmsunseuaunsienandivang s Wi msldaumsylean (Threshold) n1suenlag
Tdvevvesing nsuenlagldnudnuuzesd (Hue) nrsuenlageiai1ud udavosd
(Saturation) wagn1suenlaeAIANUGY (Intensity) LUuAY

4) ns3munInguasn1sia1unNng (Classification and Interpretation)
nsswundngdunszuiunisdangalidng Afansanegiuindutnglungulu Tnsende
foyaildiuiouisuiunudnuasveringfogisiiaglunsiazngy ddussuudesdifogig

VBINRUARENGUNDU

2.2.3 anaIvia (digital image)

aa v a I ¢ o aa Ql' < a v
AwAIaa st duilsnduaodia fooy) lned x wag y Wuiidavasnw

'
=]

LaruaUnaAues f ANAA (xy) lagnielunindaa1n1udunasvednIn (Intensity)

[ 1 = a ) { o o T = a &
AMLUUIUULY Uazlile xy Wazlaunainves f LlUuA191nA (Finite value) 39138ngUNINLN

JunmAdvia (Digital Image) Wazanmunualinin fix,y) Tvuia M waduag N Asduy way

—

[y

#invegaiiila (Origin) YasnmABTIAILALL (xy) = (0,0)
1) a7wd (Color image)
A1NE T0g9a18 3 UMY WU JUKUU RGB § aningd1ns ulaninauuae
peufimes uwuy CMY winzagldlunuiieduniosiiun WWudu
AR DA IUNTIIUSITUTRVDILAIDINAY LAl ILAIRD N ULIILAIUSTY WaIRE
N NI HYINIUSTU AN NN ELLINNTBIN A DR e Ntk UUTTNAEUS 1N waUE
alansy ( Spectrum) w3aMsend1 #39 (Rainbow) g Al39 ATIN WIREU WED MFD9 ke
Y] ~ ~ Y] \ A
LAY LARSRIgUN 2.3 uaslilauaennnsenUlianauedadns wawIuuNdILERANaUEIN
LaeuaEIu wazazvioudund@liunnguiuld WuRaingiisiududues sz dag
& N oA Y v a ) a 9 =~ =~ A o
annauuasd duld avviowanizuasduasesny Jngdvtzasviounasdnnd uavingden
& =
WAANAUNNE
PNNENIINMIANTEENUDITIRY uazanauwaeud CIE wudn wasdidu
) ~ P ~ =~ P b} Y A a v a 9
WA BAREINUTINGE neuns 3 duvesgUaumdend CIE dnineremansle

1%
a o

Ayuakldveanadl) 3 & As @wnd ( Red ) Fle7 (Green) wardudu ( Blue )



ultraviolet rays microwaves

radio rku:

£00nm SO0 -nm &00.nm To0 i

sUT 2.3 uaudalansi (Spectrum)

SYUUA RGB Ao SYUULAIANNUSIUINNNANNITVRINITUDIAULAIE AL N1 THAL

&9

w99 wasdlusnsrduae Wussuvdntdeuldiuialy Tngerdenannisnissmuddveuas

W ety LAkNLEIELAY Lasdle) waskasdmand JAfaws 0 04 225 Wiavuianesiunu
gilinedluidn 3 @A #i9NauAl (Magenta) @Walwueu (Cyan) wagdinans(Yellow)

dloany wasdnamuasuiuaglauasdn daandugui 2.4

5Ufil 2.4 5303 RGB
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sEUUA HSV Wussuvanenfenannisiaaueed (Hue, H) ArAuiuvadilod

WI0AIAINNUTANTVE (Saturation, S) waz AIAIINATINVRE (Value, V) 1ag Hue AoAnd

(%
a 1 1

AN WY FLAY A0 AUIRU TABETEUIE 0 D9 255 aLAR ANUBIALAWINAY 0 AUl

Y
[ 1
aa = =

@ d{' ! ! A = [ = d' U = =
WUALAY BAZLLANYDIANANNLIULTDY 9 ﬁﬂf’ﬂBLﬂaEJu'lﬂ AUANUDAUNATUVDIFIUDG 256

1% v @ 1 a a & % Y a a -
AL NAUN WU UALALIURUDNATI LAZAINITOLNU GLMQQ»IHETJ@QFIWI@@@ AAY WAL O

1%
a

29F1 A0 UAYINAU 120 D9AT WATAUINYE UANVINAU 240 99AN @MSUAIAINULILYDULB

£
A A a = = = ¥

dvveA1AuluvaslodilalAiuTy #9sdANudunInTUT 08 LagATINEAIAIINATIN

aad a1 oa = = ! a X | Yo :s'
VDIFLUDUANNUNINVUNATNATUAITNFAINNLNUYU ﬂ']aiuag‘U‘U HSV ar]ll']iﬂLLﬁfﬂ\{L@@QEU n 2.5

HSL HSV

~ Saturation Saturation

P

—c

Lightness

9 Vi=Ya h H=0"/180°

O u

Swsv

sUfl 2.5 Avdluszuy HsV

N15uUasseUUA RGB 10 HSV iflasannindtiunldlunisuseunanatiuiuan
=¥ 4:! 1 ald' é’l ¥ a0 1 1 d!
dluszuu RGB FeAnddaglussuu RGB tuazUsznaulusmeenduas wavAnaueaindeay
~ o v o A a0 ' | 'Y P
fanududeuly nsuwenuzdiioniAuaasAinnuainmansy menswlasssuud
WUy RGB Trduuuu HSV witeliaiunsaviinisuendlunssuiunisvinmsalaanlamanii lag

SYUUFELUU RGB way HSV @nunsoukanamnudunuslassaunis 2.1, 2.2 way 2.3


http://upload.wikimedia.org/wikipedia/commons/0/0d/HSV_color_solid_cylinder_alpha_lowgamma.png
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v < {max(R,G, B) (2.1)

v—min(R,G, B)

if v 20
§ v (2.2)
{0 otherwise
60(G - B)/ (v - min(R, G, B)) if v=R
H <« 1120+60(B - R)/(v-min(R,G,B)) if v=G (23)

[240 +60(R—G)/(v—min(R,G,B)) if v=B
e R G B unuA1903@lusyUU RGB $A5211119 0.0 - 1.0
H'S V uniAves@lusguy HSV
max = A18egalu (R, G, B)

min = f-iwil’wqmlu (R, G, B)

2) Awszaudw (Gray scale image)
ATNSEAUFWT (Gray-Scale Image) waazfinwavziiudeyavasniuduuaaiy

¥ a = ¥

Toya 8 Un dmnuuuaslafia 256 58U LAgasunuanfmieiay 0 washnuduImieay 255
FaA5EmIng 0-255 awtfuaruduasiulnuding aw gray scale WS INIEAURAFINN A
AULANATNBITEAUAINLTNLAS Tunwidueg Fanw gray scale Wusszaulaiavun 256

sEaU (0-255) Anudunsaunn 8 dntulet laesysuaainans adviunusleway 255

m'
12 L »

100 | 120

[-1
(-]

1% | 130

100

o | s

L3 T0

glad|R|&]|=
4

UM 2.6 nsEAUEIN
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3) 7MWY12A1 (Black-White image)

I
| v

5UNMY1A1 (Black-White Image) JUA WA Usgnausigdviuagdavng

=

[
=) 1

ARuImesAUTa AT UN e iatllateniigunnindy q lngwnuddmmedn 0 uayd
Y1INEAT 1 NTBUNUAMAILAT 0 Uardundmeen 255

A suUasn AT T un1n1e 1WunszuunIswlaIn I nalvinshandug 2

a

sziufie vna lneulasdayanmduniwluung Binary Image) Aleuiduiies 2 szau

(%
a 1

= A A Aaa Aaa o ax =1 I3
U39 1 UnA® O ey 11@8 0 LLWU@@QWWWN?‘GUTJ way 1 LL‘Vlu"q@ﬂ’]W‘Vllla@'] 138NI5NITUAINTU

wadensylean (Threshold) fa AsiUSeUisuAIRinwantuA1AIRAsenINAwmsylaan tag

[ [

Arfinwalunmasiaioeninawmselaanasgnimumdy 1. (gas) wazdiAvefingala 9

Y

IuﬂwwﬁmMﬂﬂ'jﬂﬁawhﬁ’umiszﬂaaﬁ%gﬂﬁmuﬂﬁﬂu 0 (3917)

nsmstlaadidunszurunisudasnindiielrinsuanualawe 2 seeufe 917

I e )

o 3 | ) Y a6 Y & [y 1 Yaa
waran Yulianunsanseyintenui desinniswlasnndlmdunnseauminau tnge1aleis
U A A Y 1A a o g \ 3, a aaa ) a v
afedladnisainam laun Gues S1787 5o AUty Inedendniauanuaeineanisuin
an WwevzuUasoyanmliduninluun3 (Binary image) finsyuaunisulasnimiifiaanudy
nanesesudunInniANULLINes 2 SEeurse 1 O A9 0 waz 1 fasun 2.7

pix value
255

0 20 40 o0 8 100 120§ 140 160 180 200 220 240 255 pixvdue

threshold value

UM 2.7 wadanmsimsvlean
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2.3 MUIMNYIVD9

2.3.1 UIYIMNNYIVRINUTZUUBNBTUAIYY

v

syuumUR M T ulasunswau i aunUgym Tusuiddedis 9 Sauiumin

A10819n15UsEENA LY sEUUARLN MBS ITUAIMTUNUITENAUREARANITINYATLAE

[

a v & = dy
NARNANUNBDINTT UANU

Igathinathane et al. (2008) l9n15UszaunananInaA8lUsLATL Image) @115U

v A =

AFINAIIUNING ALY VBISEUNY TFaausauseunanala 254 + 125 Fu/AunT laedan

o

ANUYNFABININNTY 96.6%

Abdullah et al. (2005) TdsguuuszanananinlunisdiLungUuuuiazainugn

1 a

Yauziles Wnen1TinAuaNwMzIRNIT Yo LW R § AR uBNAI09E wazAIAIY
¥ ¥ o U ‘NI o ' 4 a aa a ) ]
Wnwdhiflaluduunngumemaianiadfwasmaiialasiiigssammiieuiuulssam
Weuna18tu 31n015MAae9lA AIAIINGNFAB9UBIN1STRUNNG A BWATAN AT Alas

1A59918USL@MNEUNAI8TU WINAUT7.5% Lag 95.7% HI1NaInU

o

- a ) A o Y oA = & fay v A o ) Aaa

wanand Gainsimuasesfnkenmed JaluaunsalilldiieAnueniannia
LANANIUEBNAINAY IAEIMITNGWELIUUATENIUEHAEIRLYNAEAMN KaIUIN NN LA LY
Uszananalunoufiunes ddvesemnsldegluinasiinivun ﬁ%gﬂﬁmwﬂaaﬂimmmﬂa

Wi Womaussiuasranuensanty IneiasesAnaniguendiannsaussendldiiiafnuen

0
[ v A Y

a | o v < I3 v v = o o a ao v
G]Q@U bYU WA Nalll bUARATEYNWY O ILUARLLIAN Iﬂiﬂ B AL ﬂi@ﬂqiﬂfﬂasﬂ@QQWQ@UmuqﬂJ’]ﬁlﬁ

WeN1swUsIUeIm s Idusnaduungauvesinualsl 1y ustaina n3n WinAldudssuvia

=0

a 5 & ! a 1 PN Y a A [ [ v
YEANIN ‘Ll’]"\]lllﬂ mionsnvunazlgdvasmsniinnsdn [ uny

a o v o/

2.3.2 sdenngdesiunsivasudvadldnsan

Wn3deduuinladnynfeatunssawinunimaesldnsenlulssiaumig 9
iU ¥lAveusIYin 350150559 wavdrunauvesnandue Wudu (Summo et al., 2006;
Rubio et al., 2008)

Haile et al. (2013) Anwnavesisnisussquaznsiniusauaniuiuiiivauas
Tuiifinifidennuasiivesduazniseendiniivvesdfinluseninansdaiu 48 Falus Fiwud

[ a (Y 3 A [ vy a [ I3 c{' v = a Y

nssunandusiuangniuniialidwalidvendndusiuasusuauadindinisoendndu

'
v ¢ al 1% 1%

YoafiaintY Inundndaeiivierumenegdausaannisiisuvesdlannitndniuanieg

q
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aa o 13

Tuussasanldsdlalunsdidafvluiiiuasaing sdnfausinlouuazidinnuaing (L¥),
wnlulelnadu wazesdda (Hue angle, Ho) qﬂsﬁyu Turafiaranududung (a%), Tasu
(Chroma) wazlulaslalulelnadusas

Bohner et al. (2014) ANWINAVDILRAIN T ALES (Maam\lqamsamuﬁ (FL),
yaamuviaslan (MH), waafﬂ%lqaaLiamuﬁﬁﬁmiﬁuﬁmmm (FL-MP) kaguannwaadn
(LED)) wasmnududuvasonndiau (0.0%, 0.5%, 1.0% uaz 2.0%) Ailsenisiasudwaznis
sondnduvesldnsendu Famuin nswdsudvesdnsonduinainnisesndnduvediulns
Falulolnadu (MbNO) Wuunlulelnady (MMb) §adunauiainnisdafundnSueiid
Aududuveseenduginieliunasinlouasaine dwaliainnududuns (a) vesld
nsenanas Inevaeniidauasiilaiuennaudy (300-550 nm) 1y MaeANgeBLTAIgUA
(FL) asdwmaliminnisidsudlaadisnn druvasafifinanueiadunals (551-800 nm) uas
AAUE12 (801-1100 nm) 19U MH, FL-MP waz LED aztasannisiasudasls agnslsinnu
Fanguiansdnvuieifurdavesunasinidanas gungivoeuas Layszegi195zmIng
WA LT LA LA YN A DIITE 98 I A A BATAIILLE U BIUEINS DA NA DIET 1SV LT U2

a o ¢ & o = v o & ad a N av v
NAB NN %"Jm/lﬂElﬂﬂx‘ism(ﬂﬂ’]iﬂﬂ“lﬂ']ﬂ?'lﬂJﬂiJWUﬁGUE]ﬁzUUEWlLﬂ(ﬂ‘\]ﬂﬂﬂ’]ﬁL‘UaEJ‘LJLLUﬁx‘i“U@x‘iﬂlﬁ

nsaNA8lAANIEIAIAINTILANG 1Y



uni 3

msaammuqﬂmamLLaz'faﬁmsmmaaq

[

NUITBIANYINTORNUUUYANARDILALILATILVINAVDILAIE T UAZYTATDIUTT]

v {

agindneniswaeudvedldnsenuylusznininsdaiiuiianizuawne o lnewseudievann
msdaivlunusmanuasadng uazuasaenduaanudanaswineidaiu liun Wgesisa ud

Lazuoadd Noumninauyinnyu 3000 wag 6500 LAAIU BAIBALATILYIkATNUIAEHARBNTS

U §

a = v % ¢ ay v a o Yo o
Wasudvealdnsen tdn3deitesnuuuiazasniiaunsainsiaaavdldnsen ianunsaurlulddmsy
a JE Y 1= = v o 1 Yy Y oa 1% a ] o
N15ATIvaRUluUS AN UNNITIALAUY L‘W’e]i’e)ﬂ’ﬁ%ﬂ%?%ﬂ’]ﬂi%ﬂUﬁdUﬂﬂﬂlﬂ lngs1easldund1nsu

N30RNKULYANAGEY WazaUnIaingivaeud Meesuigliluuni 3 4

3.1 mswseufleg1eldnsanussage

(2
v A =l

lénsonnysuaiu (Bayern Wiener) fidiunaunanfe tilany (62%) ludu (13%) uaz

Y

\ . o & S/ | & v N = |
AIUNANDY 9 (25%) I@EJU']LU@VH%U@’JUGHQ 2 WLﬂUVL’JV]aﬂJMQN 4 DIANLYALY Y 33830@’]11]

9

'
a (3

W 72 Falie (Hunasannaeansegnesn) udnudddoniduwlanUasuuazdalifisUsasd

U AU LANTEAN WIHA WU gaiden et wazdu o eon aniudndasesunile lagldyn

a

Tufiauadmsuiliounuuin 6 fadwns naudenuanandnivdinaudy 4 wiouundy (@l

Y

' 1%
=

0 - 4 serugaLlua) luseananwuUgyyInIA inaus -0.8 v1sna Wuan 6 wiil azldille

Y

° o & I3 v = gAYy o & Y] v = & A o v
aﬂwiumugﬂwuiaﬂi@ﬂ LIUNIT DAY ULUULUDNRYIU mama%uﬂ@uw%ﬂiawugﬂ LNBBALUN

TUTuma@ e (Natural Casing) @ 9viannlduny nseududaunvaduneudu q redwdudusn

v

Mniueududtadu (ldnsendv) Tuaseseuwuuiissuusuady wevinlildnsengn lnedgamad

'
a o

Tananainiu 71 ssmeadea wiw 30 w1l waziluanaumgiauldnseniigamaianinid 10

ssrnalded ldnsenvysuaiunladdmdes-uinia Wewuu lige Wmidnsedu 13542 n3u

YUIALFUUAUENA1N 1821 [WURALAT AINETT 941 LEURLNAT
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JUN 3.1 uiwiegsdldnsendmiuiieudndnsiam Bayem Wiener

Mniulutumeugninedsdutuneunisussy Isildnsennsndureumuduusly
udussalans S1ua 7 Fudens DandngadaeinosusTansuuuanannia (Uil 3.2) neqelld
ussgugenanafinla 2 vfia Toun

1) qﬂ,‘wémﬁﬁuL%QLa”ummmeLﬂwi"ﬂ (Linear Low-Density Polyethylene; LLDPE)
Foviananindlefunuruuiuindaudu aaumn 80 lilaswas/diu 3oulasdedn gs
LOALBAR (LLDPE) (3U71 3.3 1)

2) qﬂ,wﬁL@luﬁfmaLaﬂﬁu@mﬁummumLLu'usi"'] (Polyamide+ Linear Low-Density
Polyethylene; PA+ LLDPE) Faifunaflduaniivun PA15/LLDPESO Aavianianildulndielud
(PA) vun 15 lalasunsusenuiuflduIndiefiduid udunanumuinyusi (LLDPE) nu1 50

Tulasuns sandupnunun 65 llaswes/snu Seulpggein geiie/uoaueadiio (Ui 3.3 @)
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(n) ()

JUN 3.3 nansdueildnsen Bayern Wiener ussgldgananadin (n) uoaueadiid wa (1) gafite/

LOALDARND

3.2 fﬂi'é]'élﬂLLUUﬁENﬂ"JUF!%Jﬁﬂ’T’JSLLﬁ\?
yannABINAYDIlasainsidnensAsudvedldnson uansiaguil 3.4 Usznoudae
TOPIUANUAILIR 120 x 140 x 140 Wwufiuas wisiufieenidudiu 9 meludanmaenlizin

A9 9 1Aulan LUSO LWPF1-240/PC Tasanunsaususzaznisfnasinaaniiianaslinisain
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[

fuimdasunfiszazans o 16 Ineliiamanuainaieiniesinwas (Heavy Duty Lisht Meter

Model 407026UM) T9ila 1iniu 200 dnd waz 500 and tnsuszanu laun

1) viaeangeslsawus (FL) 3000 iAadu 500 and (Phillip TLD 36w/830 warm white
1 vaoa/lay ga 115 lgufluns

2) vmeavigeaisaus (FL) 6500 LAa3u 500 and (Phillip TLD 36w/865 cool daylight
1 naen/lay g9 105 LWURALIAT)

3) “aenwead f (LED) 6500 tAad 4 500 a e (EVE LED T8 22w 6,500K 2000Lm 1
viaen/lax g4 95 [udung)

4) viaeangeaLsaud (FL) 6500 1aa3u 200 &nd (Phillip TLD 36w/865 cool daylight

2 viaon/lA g4 300 LoURLLAS) lusipaAvaumuns

SUT 3.4 ¥AMARDIATUANANTIZUA

3.3 N1Nnaag
3.3.1 nsdanuldnsenluiuialuauanizsues
Tasldnsenfiussyluganaradnadlunensa (Ui 3.5) welddmsudnauly

o v

osmuauneldanizuasiiwand19iu Inevidydnwallivuguiouansviinvagiussq bd
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6

nsankazanIzkasdInsuNIsIaNY duihgsldnsensenuiUsudunisiudsudvendnd e

loua nsUssliumeanenuysed N153ATIERFNN AR Lazn13indaniesesind lnugy

a v

o o ¢ Y o o ¢ = a v 3 o = a =
Mog1dUnMarATe 91U 4 dUani ndlnsUsslliumeaeuLeduan1sTuinn AT
Junsnegeuwuulivinans 1dfsgrmegeugaindmsuna 4 d&anv dwmsunisiasizidene
.:4' U A g vad | @ ' @ o ¥ o v = N 1%
w3avind 138nsdunediegteanuinnuiatiinvuall vinistuiinaaumgiinielusies

v v = Y

Jaufiundndaeivn 5wl seeiesdieinaumgluazdidufindeya (Thermo data Recorder-
tr51) wieliwilatgumgvesiosiundadmeiliidunddududsiiiiianisivasundag
AuSNvUrvRINdndUY Tngnudngamvgiiniglueiniunaminiy 3+1 e lvalded naen

T2YLLIANVBINTTNA D

5UN 3.5 neiegldnsenussggedanndbunznin

3.4 AMFIATIHHNANITNARDY

3.4.1 N5UTERUNANIUSTEME U E

Ussiludnuagdvadldnsensigismsiisunsaennlneinageuiiiuniseusy

LY

° a = 9 al' [ AN I3 v oA
Wﬂa@‘UW']ﬂ'ﬁL‘VlEJ‘Ua“UENlﬁﬂi@ﬂVlUiqu@éstluqq‘luaQULL63QQW@ GZNQ@LﬂUﬂqﬂlmﬁﬂqquLﬁﬂﬁjqﬂﬂ
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wanenaiu Tnedieuiuwiuguauindeganiinnsuusdesnidu 7 sedu lunsussduiveaeuld

aa = v = a o sy  du ! Ay v y) | Y]
'Jﬁﬂ'ﬁL‘VIUUi%ﬂ‘Uaﬂ@ﬂNﬁmﬂﬁu%ﬂTﬁVﬁULLﬁQﬁQWQLLagiguNa‘WIW (EJ@NTU/L@JEJE]@JTU)

o/

3.4.2 N1TIATIZAFIINANARIIA
InanandnsudiadlundesmuaulasionIuANlian1IsLaALANE MU NNNT
NA909 kavduiinnmma1eAI8naeAdvia (Canon PowerShot A495) Ususiawuy Manual 1yl4
wilay loaivuadaulunisvinauvesndeuniouiunnass aglundesniuauuasiniyy
a oo Ao o a o I o a I s a
wanaAndaiioanni1sazieunil lneldunasindanandunasnngeaisaivudviln Warm
. ~ o a ] = = = Y a Y a
white t0991nROAMLINANNTONDUALDINBAINYTIATLYBIMEE Las Wed UduldlndiAes
fulaaINAeing  vinstuiinninnsiudeuuuaswesdiduiieniunsussiiunameaneni
wagAsgin naenglUskAse Image) 1.5b (National Institute of Health, USA) lnginang

[
o v v

ag/lusyuud RGB nallaISn3aTunauids (Algorithm) NMsuszalananmaAdiaswansly U
3.6 F9Usznounly MU UayanI (Image Acquisition) 31ANA0ATE 1NWUYIINTUEN
drvasnniaulalagdeauitliingitesesnainam (RO) uunesAuseneuvesdluguuuy RGB

warwlaalu Lravbr WienSeuiisunansideuulame@iuisau (§ui 3.7)

c

Image Acquistion

A 4
. L*a*b Color
Select the Region of calculation
Interest (ROI)

Y

Y

Statistical analysis for
RGB Color extraction classification

I—

4
End

'
] [y

JUN 3.6 NsUsvIaNan nAITiad mIuUssliumaUasudvesldnsen
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Convert Rgb to Lab

Enter values for an Rgb to convert it to Lab, or vice versa

Rgb CIE-L*ab

R 224 L 758887204444

LY

3.4.3 N1590F

aaa

Fasetsldnsenanuen 2,56 wuiwies Weteanfvedldnsensuisunasaing
Taeldins ostnd souu spectrophotometer Hunter lab (ColorFlexEZ, Hunter Associates
Laboratory, Inc., VA) fauandly 5Uf 3.8 waz Ui 3.9 navesnisiadnlduandlugy Lra*o (L*
- Auadne a* - aradudnee/aden wag b* - amndudmasy/Aunu) tazduaudInig
WasuwaswesdiuTouiisuiuamaBuduieunisaass AF @un1sil 3.1) vansmadeusiogng

Mgauniivies 39 7 I

AE = \J(L* — L)% + (a* —ap)? + (b* — b)?) (3.1)



5UN 3.9 nnsiaindldnseniieinsesind
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3.4.4 MIUATILINNEDR
UszananateyanisiUdsudvedidnsendelusunsy SPSS lnswssuiiisuaadunieds

One way ANOVA fisssupnnuidiasu 95%

3.5 N13eRnLUULAzaINgUnsalnsadaudlinsen

'
a

yngUnsalnsiaaeudvedldnsonslguusduidu (5 3.1) Usenausigdiuusenaumen

Y

[

3 @ fetl napamuALLas grgUnsaifun T i sud M UNSUSEINARAN LUDNATRT LAy
neufimesildlunisuszanana

3.5.1 gUnsalSuNMNUAEREINLLALES

gunsaifunmifiundes USB 2.0 wunaidn Aivanendesiiundsiniauadlus uaganunsn
UsuseAumwainavesuasls egnalsinmifislinisasiatanuaimuaznisuszinanan e

anAesanNanIENUIINdandeu JelavinisesnwuunaenuaukaIn Tdnway \unaed

AIUANKAITWINENAIMS UL UNMYEIRIBg 1 Tngaseainiasasiiniauia Jvunveinasy

[
g 1

N394 12 93, 817 12 9. Uag g9 12 94, naesunMONAARIBEAUUNYBINGDY Wnasiiiauad

I3 aa o o 1 Y] | o X v & A
LWULUUVIaDALDaBRA 1UIU 2 N0 GﬂLL'V‘U\‘]SUENGD@SqﬂﬂquqiﬂﬂiUﬂUﬁﬂlﬂ G]’]NWUV]IUﬂ']i@J@Q

99004 (Field of View) fauansluguil 3.10

s

Digital

W Camera [

N O |

- Light Light
source source

S

Computer digital image processing

Sample (Sausage)

/S
(n)



/”/
\‘/ >

3. Black Box for plate

2. Black Box for a sausage

. Camera & LED Set

&)

(m)

U7 3.10 ndesmivanwasEmiunsivindldnsonsign1suszanananin
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3.5.2 TWsunsudszaananmsauivgunsalsunn

Tuineninusididenldlusunsy NI Vision Builder for Automated Inspection iasaudl
2014 ¥99U3YN National Instrument ﬁm%‘uL%amiaﬁuqﬂﬂiai%’umwﬁﬁméfqagiﬁ’usqmm‘uqmm
Felusunsuildnmadeulusunsuuuunmnawflefidladne annsausznananmlduuung
234 (Real-time image processing) waranusnUszgndldauldlugnamvnssy Tnslusunsui

ARINNISNINYINTABUNIMDSANNTUUTLUIANAAINITIN 3.1

AN97199 3.1 ANUABINITUBITEUUADLNILADSUTEUIAKANIN

video adapter with a 24- or

32-bit display

Minimum Recommended
Processor Pentium 4/M or equivalent | Core Duo or equivalent
Memory 512 MB RAM 1 GB RAM
Display 1,024 x 768 resolution 1,280 x 1,024 resolution

video adapter with a 24- or

32-bit display

Operating System

Windows 8.1 (32- and 64-bit)
Windows 8 (32- and 64-bit)

Windows 7 (32- and 64-bit)

Windows Vista (32- and 64-bit)

Windows XP SP3 (32-bit)

Windows Server 2012 R2 (64-bit)

Windows Server 2008 R2 (64-bit)

Windows Server 2003 R2 (32-bit)

Browser

Microsoft Internet Explorer 6.0 or later

Hard Disk Space

1GB
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Junaulunisnauluswnsun1wnsniaale Vision Builder Al

1. WalUsunsu Vision Builder Al 1dan New Inspection LiaidalUsunsuuallivinnisea

F9lUs19A MNTUITNUNLNDLSUAUATIlUTIUS AT

& vin st oo =~ ==
-] NIVision Builder 2014 NATIONAL
@ for Automated Inspection INSTRUMENTS

Select a target to run Vision Builder AT Getting Started
] My Computer B £ Help Me Acquire My First Image

[ What's New in Vision Builder AL
@ vision Builder Al Resources

ol lafe* 22

Help
[ Vision Buiier AI Online Help:
Why is my target not isted? ¥ vision Buider Al Tutoral
Configure Inspection Ep NI Vision Concepts Help

3 New Inspection

1) New Inspection from Template -
&) CoVrogram Fies\,..\Examples\Acaire Image from Cameralink camera.vbai e =t

K] C:\...\Acquire Image from IEEE1334 GigE Vision or USE Camera Example. vbai (& Technical Support

I3 Browse.., (@ Discussion Forum
& Request Support

Run Inspection

I3 Browse.

U 3.11 wrhenalusunsa NI Vision Builder A

Fie £o1 vew Operte Toos hep

pll=11 ] ﬁﬂg‘p, -71"97\7-;:7” ALY -.j:i,»r}é” |

T N (T {er——"
‘selected camera andimage acauisiton

Acqure bmage (1394, GoE, or USE):
e
| 1394, Gigait Elhernet, LSS, o I camers.
~ | 4 [BEy] Readnvrte Camers Attwtes: Read and
o |1 g3 rite attrbutes from the ssiected 1222
1594, Gigabe Etharmet,or USE camers.

‘Smulate Acuisition: Simuates the
@ , scauisiton of mages by readng moges
el | e e Bx|@ — e

s A
=

JUN 3.12 mihsehadandalilmdeulusunsy



27

2. \@0nUaY Inspection Steps: Acquire Images #93U 3.13 iieidenvinvesgunsaisu
nnilglulusian drsvinerdnusiidenndasduwuu USB 2.0 wluniswmunluswnsuasdey
1938 Off-line IngLAuninainsegralilulnamesiiiavinnisiteuldsunsulagdan Simulate

Acquisition

-

Acquire Image: Acquires an image from the
selected camera and image acquisition
board.

|

Acquire Image (1384, GigE, or USE):
Acquires an image from the selected IEEE
1394, Gigabit Ethernet, USE, or IP camera.

Read,\Write Camera Attributes: Read and
write attributes from the selected IEEE
1394, Gigabit Ethernet, or USE camera.

Simulate Acquisition: Simulates the
acquisition of images by reading images
fram file,

Select Image: Selects a new image to
inspect.

28 6% 25 2f) |

g‘tJ‘ﬁ 3.13 MIRNUAU Inspection Steps: Acquire Images

3. ii09 Step Name ld¥alnaannansiuilaidugeslusunsy

Main | Calibration | ¥ ﬂ

Step Name

|acqure sprayBottle
Path to Image, AVI, or Folder of Images
lC: ‘Program Files\Mational Instrumentsy E" =
Vision Builder AI 2014\DemalmgYTutorial
1\Image 01.jpg

| Cyde Through Folder Images

;sﬂ‘ﬁ 3.14 #FN9EIUTOY Simulate Acquisition Setup
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4. Iuladléiden Cycle Through Folder Images wén wiadaldulalusunsufanim

(% '
v =

enunfieglu Folder snyssanana winldiianvIaliiUaldeu WWsunsuavyssananamnie
Amdignidenvintiy 3ntiunadu OK
5. N3nTvaeUinglunn dnagdrdnuilun1snsisaeunsesendt Region of Interest
(ROI) wazn15Uszlana UINNINNILATIVERUNINIINLAMEMHaRImalUL:
d‘ (% U Ay v (% a a % A | ¥
« WaUSuUsmaanslnannsnTIvaeuing lnenmvanidesingiliineives

- WaiueulunIsnsaauing

Wedndaiuilunisnsisaeududiuvesingnunsenis sssedldudiuvesing ot

=1

)

aeluiuiidmuaays (RO fringaieldnisnsiaasugnidnll wasdnasusngluduniuag
Arnslunmiviloulaians MINNdeINIINTIRERUILABNIaNIMUAN LT (RO) lun1snyivaey
wuunsslunsanldgenuaslidudou uwidringaiglinisnsiaaeuinisindaudiesunivsed

nsvaunglunan Munlunisesaadey (ROD agAesanansaldsunuasuaznyumuingla

[ v 6w v

melinminsiaaeudy ielviiuilunisnsiaaey (RO) ausawndewgwduiusivinginm

Lo

' v |
v 6 (% aal o al

PTIRdRU FrApdfAsTuLIinEuTuSAudnwa e lanud Ay wasligaguiuuvesing

q

agnelin1snsivaey lngyhanuduneusssalyil

6. LADNLAU Inspection Steps: Locate Features ﬁﬁ'gﬂ 3.15

Find Edges: Locates and counts intensity R
“@" transitions alang a line in the image. |

|
1 | Find Straight Edge: Locates a straight edge |
| in a region of interest. | |

a* ¢ | Find Circular Edge: Locates a drcular edge
+L_J*| inaregion ofinterest.
r

Match Pattern: Locates grayscale features
Q (patterns) in the entire image or a region of
interest,

Q Geometric Matching: Locates grayscale
$ﬁ features based on edge information in the
entire image or a region of interest,

Set Coordinate System: Builds a coordinate
_I_, system based on the location and
orientation of a reference feature. -

;sﬂ‘ﬁ 3.15 RUIFILAUVDY Inspection Steps: Locate Features
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7. 1l@enunu Template LLazﬂmJ;u Edit Template %#118113 NI Vision Template Editor

wUTINYTUNTY 1FBNIAY Specify Match Options @1nLATBINANELEUNINUINELATULAIN
A v

o 1% v ! & A = <) A o
Template lUgswaumudiea1veafiunnminginen1snsivaey Jasdunsidsugalnia

999 Template 9alnAasTUIIM0Y Template NiRaansRagldidusunisluniseuiieu
Tngsuniasuiuvenalniaszegiaudnalaves Template Auansausulasugalnialalag
NN3ENELATEIMINEEUNINUIMALAIMIAMUAATN Match Offset nd391ntiu Tun1snsivaeudng

agldumnislunisilSeuiisuihlugasusuvesssuuiiin

8. \d9nuau Setting faA7ies Number of Matches to Find winfiu 1

A == .—
Main I Template . Settings ‘ Ady. Options | Limits r
Algorithm | Low Discrepancy Sampling v
Number of Matches to Find 1 =
Minimum Score 800_¢

Ma: T 0 Leved

[7] Search for Rotatad Patterns

Time (ms): 2

sUfi 3.16 ntheinsunues Setting

9. l@9NKAU Limits $9A17NY89 Minimum Number of Matches winfiu 1

—_— ~= I
- e .
Main l Template ‘ Settings | Adv. Options Limits |
Pass Inspection if...
(] Minimum Number of Matches 1
(7] Maximum Number of Matches

Sortby | Descending | Score v

Matches Number of Matches Found: 1
X Y Angle | Score A
1 266,00 | 415.50 0.00 1000

Time (ms): 1

stepstatus |uPASSI ok || cancel

JUT 3.17 mihsinauaued Limits
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10. L@0ALaU Inspection Steps: Locate Features \d0n Set Coordinate System ﬁdg‘d

Inspection Steps: Locate Features

— Find Edges: Locates and counts intensity =
BB* transitions along a line in the image.

4+ | Find Straight Edge: Locates a straight edge
++| in a region of interest.

m

¥ | Find Circular Edge: Locates a droular edae
| *,O+ in a region of interest,

y .

Match Pattern; Locates grayscale features
9*15‘ (patterns) in the entire image or a region of —
interest,

P Geometric Matching: Locates grayscale
| features based on edge information in the
entire image or a region of interest.

Set Coordinate System: Builds a coordinate
{ _I_, system based on the location and
orientation of a reference feature. -

31]17; 3.18 NLANILLAUUDS Inspection Steps: Locate Features

11. \@9nuau Settings ﬁ\‘lg‘d 3,19 fi489 Mode 1#idon Horizontal and Vertical Motion

Wesnninginisiedaudasuvsluiuiuny X tasiuiwnu Y widngladnisvyu

Set'Coordinate System Sedup

Main ~ Setings | Limits

Mode - Horizontal and Vertical
']"' Motion
Origin
- LoCatE Sprayer Base MA@l o

Base - Match [1].

ok || cancel |

sUT 3.19 whsinauauwes Setting



31

12. \donlau Inspection Steps: Measure Features G‘fﬂg‘d 3.20

Inspection Steps: Measure Features

Measure Intensity: Measures the intensity ™
of a region of interest in the image.

Measure Colors: Measures the color of a
region of interest in the RGB, HSL, CIE

L*a*b*, or XYZ Color space.
-i Count Pixels: Determines the percentage of
pixels in a region of interest that have &
, 188% 1 given intensity range.
| Max Caliper: Measures the maximum
distance separating object edges.
[ ‘ parating obj g |
Caliper: Measures the distance separating
| ‘l'l' object edges.

Geometry: Computes geometrical features

‘ based on points located in the image. ]
(V]

E‘Uﬁ 3.20 ALIAILLOVVDY Inspection Steps: Measure Features

13. figeq Step Name ladeliasnndasiuilsfduvasiusunsy aantwden Reposition
Region of Interest ifloilnldaunaidoulesituiflunisasiadey (RO figniwualiludunout
fiu Coordinate System ﬁgﬂﬁmumﬁdawﬁﬂﬁﬁﬂﬁ Vision Builder Al @snsavsudumisiay
fiemnsves ROI Tunwlsidaniusiuiu Coordinate System #ildgarmuald

14. Fonuay Limits fsgu fifuans Tuswnsa Vision Builder Al 9ziansdoyarniands

w999 Pixel M9ruaabin18lunsaua unsauns o NuNtuN15ms5I1980U (ROI) ANAIMULTILLEIUDY

1%
a1 LY v A

Pixel 2¢Tg1UAILE 0 019 255 F9A1 0 LANUEAT wazA 255 ALVINAUET1I A1U89 Minimum

¥ ' '

Intensity MA1ua19zLARIAANAAYRY Pixel TTagareluiiuiinisnsiaaeu (ROI) vouveingd

9

a1

foin1snIainazusingiuninlasssrsdeniiilu Pixel @d1 @sazflrnnuduuasiisn) wazniw

[

WUIINNRYUUNUNGIVBINNTEINN (BeazilAnAuiduueaaias)

o '
Y v a v

W Wailingiifeanisnmadiausingeglunin f1ves Minimum Intensity 9261 uae

e

~ T v [ 1 ! .. . ! .
LJJ’E]I@J&I’JG]O‘V]ﬁ@ﬂﬂﬁiﬂii%?ﬂﬂi?ﬂg@%lﬂﬂﬁw A1U83 Minimum Intensity ‘\JSQQ kW38 Pixel

9
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Mavuavesiuflunisnsiaasy (RO iWuiundsresnniiainawingy \den Minimum Intensity

I
v 1

Waan1sldeuAves Minimum Intensity kagdaA1uea Maximum 91 50.00 9ndunaY OK

15. 1@0ALAY Inspection Steps: Use Additional Tools ldan Set Inspection Status A4

U 3.21, 3.22

Inspection Steps: Use Additional Tools

—_ — —
Set Inspection Status: Updates the -
! ﬁ Inspection Status system variable.
= Calculator: Computes numerical, Boolean,
1 E]_,E. or siring results from existing
= measurements,
iar| | Logic Calculator: Computes a logical
expression.
' Set Variable: Updates user-defined variable
values.
r 4 Array Operator: Performs various array
" @" operations on an array produced by
another step.

v

Run LabVIEW VI: Runs a user-spedfied
: E LabVIEW VI,

SUT 3.21 wihsauau Use Additional Tools

set Inspection Status Setup

Step Mame Y.
[Set Inspection Status 1

Inspection Status
@ Setto FALL if any previous step fails

() Set to FAILif any previous step fails or
if current value of Inspection Status is FAIL
) 5et to measurement value

Acguire Spl; y Bottle - Step Status |«

() Set to PASS
(7) Setto FAIL
Inspection Status
Current Value PASS
New Value PASS

Update Mumber of Parts Inspected

[oc | [coe |

gﬂﬁ 3.22 WUENLAU Set Inspection Status
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3.5.3 NNSNAILLUSHNTUUSZUIANANINEINSUAALYNE banTaN

YngUnsaliliiingUszashiiensivaaunmuninvedldnsen lngasdewiinisnvaeudves

ldnseniintunisdaiuTildunsgrunuidmvun Jagduilssugnamnssulseinne1nis

v o = = a P vaa Ao a o aa v ¥ a
fﬂgm@\‘]ﬂquqa\‘lﬂ'mﬂWWIUﬂigU'JUﬂqiwa@ LW@I‘V‘QJﬁUQ'W]ﬂ ll?’]‘mﬂ']w LLﬁgaﬂﬂuqmﬁﬂﬂﬂJqﬂ\‘iQ‘Uiiﬂﬂ

q
I [
LY Y LY

win1sfagldomsidamunmiy desrnilafisdauindauiiaglndd Maanunlunisnda uag

A a & v a ° = ) =~ A 1%
yaansitdlunisudnemisiu o Widuluaufuinsgruivuauadntadenianamali

Y Y

AN vt sUuiUgympenisldussuvesyedlunisyihau foahlnfsauianainidiu

¥ 1

Iilauywdiiaumilasdn ed1annesesdnananiinnuudugnunnnil dderanaintosnd

A o = o 1 o | Y A U e Y A o a v
Lllau’]Lﬂia\‘mﬂﬁﬂall']elnEJGLUﬂ'ﬁV]'N']uﬁQNaGLﬂNaC‘l.ﬂﬁu"wﬂlﬂuullﬂMﬂ']WC‘]']lW]ﬂ']VTUW LLa%llﬁ'J'lﬂ'Vi

q

v Y

Alddnetuanasmalludedadunad fuduszneunislugnamnssy Tnefituneulunisiam
Tusunsudasialul

1. \Unlusinsu Ni Vision Builder tielilunisnsiaaouduesidnsen

2. vhmsidenguilazyinisnaaes Tagazdesinnis Calibration sUnm Tneazsios

AAUATUIA 640x480 NNLLa

4 b vision Beilces. Al {64-bigh {Evalumbior Version] Lonfiguration - Untitied Inspecticn |1

Fe Al Vew Operate Tods Hep

E T

4

pe ([}t

l Man

|
L] Calbrate image

Theimage is nat curently caibrated. Select Calibrate
Tmage bo a3 calbration b e inage,

e e W1 H Depiey Ramt image o v St

JUN 3.23 mathamldnsenidnglusunsy
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3. yhnsasdelazunm wazdengun1niiseanis

G NI Vision Builder &1 (54-hié) (Fvaluntion Version) - Canfiguration - Untitled Inspection 1

Fle Edt Vew Operate Took Help

EEICIELY:y

] Step 1- General information ’."‘

Calbraton ame | sssssse
Operatar Kame
|
Em

Current Date and Time:

-5c9-19 DRALTIPM

valdty

ertre o | Nets>

o™ Toa ] ||
e L)
J \ lfﬁ cemibien. | | & oo |

31]1'7i 3.24 n13 Calibration gunw

Y1gll e »| BX| @

@ i isien Buiider 1 (64-bit) MBvaluatien Versionfl. Goafiguation -Uniitled Inspection 101
Fle Edt Ven Operste Tosk e

| DT | a2 AY Wi 3

NI

Step 3 - Selest T sge Sourcs

sat
[ ]
‘Selectan mage that cantaing at least 2 pants
mparated by & dutence which you can acriratsly —
cefne ired . ]

T ( @
ik on an inmage o selsctor deeslct . E

F LAY YU IOV

ﬂ
]
]
samtzn o33 2322082 {08)
6 oo § 2
sipal| ) BXE Ysisiompm 9 R

< > ﬁ | ot | o || el

5UN 3.25 madengunmdmiulddnaeinisnivaey
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4. Avuegn Specify Real-World Distances 31ntunady ok

P 1 Vision Builder Al (64- bis) (Evaluation Versicn) - Configuration - Ustitled Inspection 10 = =]
Fle Edt Vew Operate Toos Heb
PR o |
nlsld | 2lRIRSA .| "
B T, 1y R T T AL = =
e o -
L
E LY Step 4 - Specify Real-World Distances “."
E Specify 2 dfferent scale for the ¥ 25 f pou sensor
s rectangular pixes, or if you went to account for
E scalng i orty ene direction, Clek Next to define @
vakies for the ¥ aus. -
[ [speafy osifferent snle for the ¥ o
E Select 2pints by ciding the image, then defne the o
distance between the peints in real-world units, Select
i the pointin the lst o a3just X and Y coordinates,
v
L Fonts - < 2
| Paints (5 ¥ A
14 W 3 - Simulate Acquisition Setup
[ 2 User Pant 2 oo g eTE—
[ Cabrate Image:
Caibration _ .
] i S
Rl
40450093 022904 (00) L

)| Acqure Image: Acquires an mage fom the A
s | selected camera and image acousiton
board.

B | Acqure Image (1384, GeE, or USE):
equires an imace from the selected TESE
1384, Gigabil Ethernet, LS, or TP camer.
v G| Read/Write Camera Attrbutes: Read and
= b‘l wite atirbutes from the selected IEEE
- 1394, Gigabet Ethernet, or USB camera.

[ | Srlte Acqusicon: Simustes the
‘acgusion of mages by readng mages
from fle.

406480 031X 28224 (00)
State: Inspect

bil'pn |

X A Display Resuit Image for ths State

@ @ @ M I@ u @ s ﬁ :‘;':‘Tmaa:: Selects & ren image o

‘Simuate Acuisiton 1 1 1 t Measire Intensity 1 SetIspectionStats 1 Custom Overlay 1 Stalus ‘

| v
< 3 ‘

JUN 3.27 nsWeulusunsuwasiasesiiemhunldlunisnsiaasy (1)
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6. N5MUUANISIIUlunsaTIadeudvecldnsen Inen1sleuluswnsuLkasnIsaanty

wsesilalumsussiIakan T feguil 3.28

S NI Vision Builder &1 (B4-bit) (Evaluation Version) - Configuration - use.vbai

Fie EQt Ven Cpeate Toos Heb

bisia|| 2Ri8/R | wlevie]| 9|8 ulk]| simbe ®

Image (1399, GigE, or LSS

- Accqires an e frem the seleeted IE
1394, Gigabit Ethermet, LSB, or IP camera.

| | [WEy] Resd/Mte Camera Attrbutes: Reod and
rite atiutes from the selected [EEE
thermet, or USE camera.

1394, G

Acquiston: Smuates te
acquiston af images by readng images
[A Displey Resust Tmoge for tisState:

Eii; Bles Al [ I LE] B

1 vk tant | 1 et Cox b 1 3 1 1

2|

JUN 3.28 nseulusunsuwaziasesiiemnldlunisnsiaaeu (2)

7. fimug Vision Assistant ta%ignisusiianaressuam lnaivuanwliiesenis

M39dU

9 v vision Builder Al {64+ t) (Evaluation Version! - Coriiguration - usesbai
Fie Edt View Cperate Took Heb
Wl | 2l2RfR (9

JUN 3.29 madeulusunsunigluudensie Vision Assistant (1)
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8. N1514 Measure Intensity IOMUUATUINYBIEINTINNITNTINEBU AU Math Pattern

bi'am|| «ls| B[x @

Todls Help

U N1 Vision Builder Al (64-bit] {Evatuation Version) - Configuration - use.vbai
Fie Edt Vew Operate

LEH|| LLRM | el ¢lnlwp | sEsd

|

)
L ]
®
B

p. | [BE] Acouire inage (1394, GigE, or LSE):
” 7 1) | mg | Acoures animsge from the selected IEEE
/ ' 1394, Gigabit Etemet, USS, of IP camera,
Readjirte Camera Attrbutes: Read and
53 | Wwnie attributes from the selected IEEE
ebit Etrermet, or US

Simabale dcoisiton: Simudales the
[ Dispiay Resuit Imoge for this State

i ?D Becusition of images by reating mages
fram fiie

St Aeryisiton 1
‘ g

<

#Matdhes =1

T Cm Fem L W 0 8@ = '

isan Assstant 1

Sat Inspection SIS Custon Dverlay 1

lAverage Int. =0.0

Inspection
Status.
I v
Wl o~ B BVa WL AN S > M

2

U 3.30 nsdieulusunsuneluuieame Vision Assistant (2)

9. Set Inspection Status NISMIAUALALEAIEN UL NUNTBIINIU AIUNITYINUTDS

ATYUIUNINTIVADU

B NI Vision Bilder Al (#4-bit) (Evalu

ation Vers dn) - Cor
|Fe Edt View Operate Took Hep

Dlew flelgfn silesdall onjep =@z

coamosI R pe1)

ve ([} o

(3| Acire Image: Acqurres an image fram the
— <amera and mage acquston

[ Acaure Image (1334, G, ar USE):
| &g | Acaares an mage from the seieced IEEE

1394, Gigabit Ethernet, USB, or IP camera.
v | [y ResdMiite Camera Atirbutes: Readand
< = E write attrbutes from the selected IEE
1394, Gigabit Ethernet, or USE camera.
State: _Inspect Semuatz Acqusiton: Suaies the
?,godl_ «» BX E ] Display Resut Image for s State

Lem ®em
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9

IINNIANYINAVBIAIATINUNAITLTALES 2 vila Laln iaenrigeeisalwud (FL)
ey ¥aonuLeasd (LED) Nigaumniiuas 3000 LAadu kay 6500 aalu Nildenisiudeudvesld
nseniussyeglugunaadinlavivieianuiinueaueadie (LLDPE) uavianuiiafie/ueauea

aaa a

A8 (PA/LLDPE) Tuanizanyannia Tnedaiulifignmgd 311 ssmiwaidoa szoznan 4
FUant Tngldnsenisudunisifiviiannaiuaing (L9 windu 47.2140.51 wazAduns (a®)
WINAU 14.1840.04 faugndly gﬂ‘ﬁ 4.1 LLazg‘Uﬁ 4.2 pudIsu wan1sUsHfiunsUAsuLUag
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LA “L*” wazan “a*” Mudadlagldiiulad www.colormine.org/convert/rgb-to-lab
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v &
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Ausnulineldunasindauasuuurigesisaieud (FL) ideamgiiuasiniudy 6500 waiy

uazfimnrmainadu 200 Lux uszezina 4 e lnewIeuifieuiufogisiiussglugs

[y

a a A < [ d' =] o 1 % 1 [ oA [ 6
BUALAN YD ‘u‘VlLﬂUSﬂHWIﬂUﬂﬂ’]’JS%lM&JLLaQ MNITFUAIBYNUNINAENN gUavi 1ng

1Y

fnsanardiiddyuedldnsonfe L* war a* (Haile et al, 2013 uay Bohner et al., 2014)

Ferjuslnaaginnsanifionanuanvesnaniugiandveanindmel nsiudsunlasen L* uag

a* Yosinet i uaLanegly UM 4.1 uag U 4.2 anadedu

56

—=g—- Contral, LEBPE
il —-E-- Cortrol PA/LLDPE
52 4 —s—Fl 6 500K, 20010ux, LLDPE

5 50 || —o—FL8500K, 200iux, PALLDPE
-&
48
46
44 I [ | |
0 1 2 c 4 5
Almu

JUT 4.1 msdeusdasan L* veasldnsentussnisnisiainudussezioan 4 dUam

(Frognemuny fe ldnseniidaiuluissdsiaainuas)

'
=

JUT 4.1 uansbiiuindmednsldnsoniiusnwbiluannzunasiilianaaiuy FL 9
= ad o a A ' [ v ¢ a P a &
founididu 6,500 wadu wazdainnuainndu 200 dnd duudlduan L iiuTuay

9

@ v ! o [ ¢ al (J ! ¥ aaa
srgiiareinIsiuinwegadaau lagludavii 4 dregreldnsenlugeueanaadiid
(LLDPE) wazneiiia/uealaan e (PA/LLDPE) a1 uad1awiniy 50.1510.58 uay

49.0910.42 puasu Aasgsldnsenlugiueauneadiid (LLDPE) H8nsinsiUasuwiasues

A1 L* annindnegislugeifite/ueaueaniia (PA/LLDPE) muldannizunasniiauanuy
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v
v

Wweniu TuvueNdieg19nIuAuesiussglugeteaueadiie (LLDPE) wazgeiile/uoauleafiid

=

(PA/LLDPE) Tuani1aef lufluas A1 L* Aaud19A99 naanssesiiatvuadni1siiusne n1s
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Wuduvasan L* ludregraldnseniiusnwlinneldunasinidanandumsizinged
dansitalawan (Ultraviolet, UV) RN AWARAINLEALES TAELRNIELARIN LT ALEILUY
WgeasawuanilassaiinlunasnuiigyayiniawasdleUseveg iy Wenszualilieiu

ihlnleusendasenadsnuluguseddnslalean (Bohner et al., 2014)
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Sy L. FL®B500K, 200Lux LLDPE
2 ¢ — & _ FI'6,500K 200Lux. PA/LLDPE
D I | | I
0 1 o 3 4 5
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LeARTE (LLDPE) wazgeiite/uoawoaniid (PA/LLDPE) uanseglu 3 4.2 Zawudildnseni
U539bUgIuoaLeanig (LLDPE) fidraaududuntanainiussezinaivesnisinunalianine
o I o a ! < v 1 Aa dl av v A =
lunasiiiinuaadng uaziudaeganiian a* anaswniagn Tuvaeildnseniiussqlugd
\0/woaueadfid (PA/LLDPE) neldaniziiunas ndinuasiinisanasvada a* Ueenined

Y

HodAy NsanaswesAl a* vedldnsanlunisneasstaennassiuuidevss Bohner et

i)}

al. (2014) Fsldnsanilulelnatunasilulnsadudiulsznou Wealdsuanusauaznatadu
Tulnslelulolnadu wazaldnsendudaduuaazoandiauagyliinu)iseneendindu
denalidvadldnsanUasuluad Tnenizn1sanadvadmn a* (Andersen and Skibsted,

1992)
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9 NI Vision Builder 2 [5-bit) (Evaluation Versian] - Confiquration - use vbai
;FIE Edt Wew Operate Tools Help

|'o]@ || 202 8%, | ot @=dal-g[n ol | =4 a3 n’ | R ?I:

STATUS : PASS

=
®

3 >

Ol @ IT 7 8 e 5%

€ fromthe #

o= (1394, Gk,
Acquires an imag from the selected IEEE
394, Gigabit Ethernat, USB, or [P camera,

o Rusad Write Camera Attrbutes: Read snd
'& write attriutes from the selected IEEE
4 1394, Gigabit Ethernet, or USE camesa.

ect b wdm:rﬁem’usnm- smu:d‘t«we
= [ ‘auquisition of images by reading images
%%alm o= B x| @ [7] ispiay Reut Inage for this state @ e
— — — » Select Image: Seiects anew image la
Lad 7 + \a inspact.
Bem Plem Hem W= O e |9 Em S

Vision Assistant 1 Match Fatem L SeTCoordnate Syste,, Measure Inensty L Setinspechon Stams 1 CusmOwerly L (Delay 1

#Matches = 1 Average Int, =00 Inspecton StatusPass |Delay = 1600 {3}
. 3 ﬂ

JUN 4.3 msamiaaeuldnseniididuns
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Fie Edt Vew Operaie Tools Hep

D)

S H|| LLIAM s1alsnE | ¢nw

Pomd@hs

[95| Acauire Image: Acquires an mage from the *
selected camera and mape acquision
boord,

Acgure [mage (1394, GgE, or USH):
Acquires an mage from the selected IEEE
1394, Gigabit Etnermet, USH, or P camere.
PRead¥Write Camera Attrbutes: Read and
write attributes from the selected [EEE
1334, Gigabit Ethernet, or LB camera.

Smulate Acquisiton: Smulates the
E acqusiton of images by reading images
from fie.

Select Image: Selects a ne image to
inspect
Vision Assistant 1 Match Pattern 1 SetCoordnate Syste.,, Measurelntensity L SetInsoection Status L Custom Overlay 1
= Matches =0

il Stakus |
Aversge Il = 0.0 Irspection Slatus=Fal Delay = 1000 fms) i3
Too few matches found  Ref. Paintnot avalable. -
< JE [l B Nfd=~. || AW, W

sUNl 4.4 minvaeuldnsenidial

e |
&L
D

=3)

S NI Vicion Builder /1 {B4-bit) (Ev= ustion Version)
Fle Edit View Operate Toos el

5[8n||-#2RfR, lalea; viate | s@ag) oGl TR T
; :

I3 | Acoure Imsge; Acquires an image from the *
‘ | - ‘ salected camera and imsge atqustion
ard.

| bo:

cquire Trsge (1334, GigE, or LISE):
cruires an mage from th selscted [EE

‘ 384, Ggabil Ethemet, USE, o [P camera
sapszoosmooss (00

ReadfWrite Camera Atirbites: Read and
write sttrbutes from the selected FEE

s 1394, Gaahit Ethemet, e USS camesa,
% m| | ﬂ"’ B x| @

¥ Simuiat
=
1) Bisplay Rezuit Image for this State

Bem Pem [ em e 0ms e
Vision Assistant 1 Match Pattern 1 Set Coordinate Syste.,, Measure Intensity 1 Set Inspecton Status 1 Custom Overlay 1
7 Matches =0 Averagelnt, =00 Inspection Stalus=Fai
Too few matches found  Ref, Point not avalabie.

te Acquisition: Simuiates the

ouiston of mages by reating inages
from fle,

Select Imnage: Selects a new mage b
insect.

Tnspection
Delay 1

Delay = 1000 (ims) - | v
| |
N |

JUN 4.5 nsnsraaeuldnseniddliunidnuiuvaieyn
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Fle Efit Vew Opeste Tools Help

taEn| 2 LLoM san | ?(nkp | s@a i1 2|

STATUS : FALSE

Inspection Steps: Acquire Images
0| i [ :

[i| Acoure Image; Acquires an image from the ~
- | elected camers and mage scquisiton
board

Accure Image (1334, GoE, or USE):
Acoures an mage from the seiected IEEE
1384, Gigabit Ethernet, LS5, or TP camera.
Readfrite Camera Attrbutes: Read and
write atiributes from the sekected IEEE
1354, Gigadit Ethernst, or USH camers,

A0 093¢ 255 (04) 3

@ Simulete Accuisiion: Smuletes the
e scquisition of maiges by reating mages
2%aln|| /= Bx & {2 Dl st e for th stete ™
e _ — . Setect Image: Selects anew mage to
= w
B Flm Tm e e fm s specn
Vision Assistant | Match Pattem 1 SetCoordnate Syste... Measure Intensity 1, S8tINERCHon SBWA 1 Custom Overlay 1 deay 1 Sates
& Maiches = 0 Average Int. =00 Inspacton StauseFal |Delay = 1000 {rs) ¥
Toa fe melches fourd Ref. Pont ot avalsble. |
< v & T, ™ NNV e

1 a o

JUN 4.5 (sia) nsasaaeuldnseniddliunfidnuiuvaieyn

% NI Vision Builder Al (64-bit) (Evaluation Version) - Configuration = us€ibai

Fle Edt Vew Gperate Tooks Hep

oleln | PRR ey Flnip simhaa

| | Acauire Image: Acquires animage from the
selected camera and image acquisition
board.

Acqire Image (1394, GigE, or USE):

Acquires an image from the selected IEEE
1394, Gigabit Ethernet, USB, or [P camera.

~ v Read/Wiite Camera Attrbutes: Read and
L. . 4 wite atirbutes from the selected IEEE
| 640¢160 053¢ 255 (00) < 1394, Gigabit Ethernet, or UISB camera.
State: Inspect

Simulate Acquision: Simulates the
acquisition of images by rezding mages
from fie.

Select Image: Selects a new mage to
By inspe

%%(n|| ﬂ»‘ B x| & 2 Dislay Result Inage for thisState

e e _ﬁ\ﬂ- e s = ——

Vision Assistant 1 Match Pattern 1 Set Coordinate Syste... Messure Intensity 1 Set Inspection Status 1 CustomOverlay 1 [Delay 1 olams

#Matches =0 Average Int. = 0.0 Inspection Status=Fai Delay = 1000 (ms) b
Too few matches found Ref. Point not avaiable
< >
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ABSTRACT

The objective of this article is to study the effect of illumination on color changes in cooked
pork sausage packed in transparence plastic polyethylene (LLPDE) and nylon (nylon+LLDPE) and
stored at temperature of 3£1°C for 4 weeks under various light conditions before conveying them to
products distribution to the consumers. The experiments were compared among the storage
conditions of dark and light from different light sources (fluorescent and LED) at light temperatures of
3000 K and 6500 K. The distance between light source and sample was adjusted until the light
intensity incident on a sample surface was close to 200 and 500 lux. The results obtained from the
visual inspection, image analysis (RGB model) and colour measuring instrument were in agreement
among them and indicated that sausages packed in LLPDE had a significant highest discoloration
(P<0.05) in the light storage. Color changes were estimated by decreasing of redness (a*) or
increasing of lightness (L*). Finally, it can be concluded that the digital image processing could be
used as an alternative technique to quality control and assurance in the factory and this could be
developed to an automatic inspection and evaluation system or a portable device.

Key Words: cooked pork sausage, light source, illumination, color, image processing
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Figure 1 Digital image processing for evaluation of sausage color changes
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Table 1 Changes in color of sausages under various light sources and packages during storage for 4
weeks evaluated by visual inspection and color measuring instrument

Light sources Package types AE Visual inspection
Control LLDPE 1.76+0.40ef Acceptance
FL 3,000K, 500Lux 7.46+0.16b Unacceptance
FL 6,500K, 200Lux 5.72+0.18¢c Unacceptance
FL 6,500K, 500Lux 8.94+0.40a Unacceptance
LED 6,500K, 500Lux 8.95+0.74a Unacceptance
Control Nylon+LLDPE 0.97+0.22g Acceptance
FL 3,000K, 500Lux 2.28+0.28de Acceptance
FL 6,500K, 200Lux 1.27+0.19fg Acceptance
FL 6,500K, 500Lux 1.59+0.53fg Acceptance
LED 6,500K, 500Lux 2.92+0.32d Acceptance

Different letters in the same column indicate that values are significantly different (P < 0.05). The
control sample was stored in the dark room.

Table 2 Changes in color of sausages under various light sources and packaging during storage for
4 weeks evaluated by color digital image analysis in RGB and converted to “L” and “a” values

RGB color space CIE LAB
Light sources Package types R G B } a'
Control LLDPE 224 181 94 75 6
FL 3,000K, 500Lux 221 203 133 81 -3
FL 6,500K, 200Lux 229 208 132 83 -8
FL 6,500K, 500Lux 226 209 145 83 -3
LED 6,500K, 500Lux 211 180 104 79 1
Control Nylon+LLDPE 220 177 93 74 6
FL 3,000K, 500Lux 219 194 136 79 1
FL 6,500K, 200Lux 219 190 126 78 2
FL 6,500K, 500Lux 224 195 130 79 2
LED 6,500K, 500Lux 225 191 117 78 2

"L and “a” values were converted using this website (www.colormine.org/convert/rgb-to-lab)
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Figure 2 Changes in the L* value of sausages during storage for 4 weeks. (Control sample was
storage in dark room)
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Figure 3 Changes in the a* value of sausages during storage for 4 weeks. (Control sample was
storage in dark room)
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