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Research Title: Food Texture Image-based Analysis for statistical process control
Researcher: Chumpol Yuangyai and Piyaphorn Mativses

Faculty: Engineering Department: Industrial Engineering

ABSTRACT

Customer’s decision on buying chicken nugget involve appearance, colors and
adhesion characteristic. These characteristics are inspected by human, thus,
misclassification might be occurred. Therefore, this study focuses on constructing a
measurement instrument for detecting the qualities of chicken nugget using image
capturing and analysis. Then gage repeatability and reproducibility (GR&R) study is
used to ensure that the instrument is capable of distinguishing nugget differences.
After the images capturing and analysis, eleven characteristics of chicken nugget are
analyzed. The principal component analysis was applied to reduce the characteristic
dimensions from eleven to only four characteristics.

The experiments and data analysis shows that the characteristics reduction
is useful for detect abnormality of nuggets. The charts assist the process owner to
investicate the cause of out-of-control signal and finally lead to process

improvement.
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wanfnonsyuutmenfunsiiugadiliituenng wu feuutimen liguutimen
waztinunala usu Fawdndausivaiinldiumuioazseniuanguilan iileanin
wanfuriddnvazsnguials findusaifegaiuilon drednvvdetosiunmsgaids
Anuduvendnfusilunssuaunisiimuiou annswauaioanaviaayyinsuneile i
WALz AR o mMsieSevsaUssansavihlfieuasdisiunnamvainane
YoIuAndme Laznanvaiauramwaninsiomsyuutimen vnldinsiivinvesnan
ity guanlildlnuaulolunsnansdadusissanguutiaiuiulaeuion Mac
Donald lenaauumininm (chicken Mc nugget) uazUszauaudisadustied (@msTan.
2537)

31117; 2.1 wuaAtining (chicken Mc nugget)
fian - http://eatthis.menshealth.com/node/106288

211 ulyuneansaudedmiudsznavamiven

utlguneavdoutdmiudsenouamsven wnefa uiliinaufvdnysenoudu Ty
omsneuiilunen Wevilvinsey (@ihaumsgrundndasignanvnssy. 2538) 910
Jemaziiulddn ssdusznevdmlngveutisyunanfouts Fsusznauseanmssuaslusiiu
Yudlug) Fenaendivesesdussneumanidsmaionadnyuzeadndusiulagunonly
AR
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A s 1 s - !
M1919N 2.1 G]'JE}EJ'Nﬁﬂ't}m?d?l']‘iﬂ3'&1'18&]ﬂllLLﬁSE}'Wl']‘i‘UULL‘IjQV]SWUUﬂWN‘]

afiatlan é’mswa’qg anwaTAZANY anwuzesyuLlman
wlanauun wilapay
1. wdead 115 wlunizgineivis dudeaindes wesy nssv
ounUsgaad Ve fanundadu  @ndes
1oy
1125  fadudunianed Fwmdewaueiu weaw nseu
wamgdaomsin
2. wlsaavunls 1: wiladusnniiuly gu  ulslifinems wenagruas
25 lalin du
1:1.25  utliazatsd niladu dmdosiinia wesyies
WOLNUIY Ln1zia  nIBY
2713
3. wtsdnaidn et viladuuiniauly gu  wlild@nemis
2115 bidin
1:1.25  udanidades gu dun liwesy ulinseuuds
a3 lineedn
4. wlatming = wlannagnewss qu wlsnendusgauazdiuiu
pmslidia o153 dudadudan nseu
s
5. wlafudzuaa ):1 dudaaigueimis wlaweniusgauardiuiy
Laidin g3 Audladudvn liwes
nseu
6. wlamas n 3:1 115 deudunied gu wlinseusau wesy wied
9IMN3 wideseuthng
7. wlanaw @ 3:1 1:1.25  dauduniled gu udinseuwludnies weoey &

2IMSAAN7

RGN

wlamad n
wianay @

VNYLNR)

wilvandeunusrarrawnd91adn
wtlaaavuntsiandsdnnidn

P s
11 ; BTUALAYANY (2526)

2.2 dnnala

tnine Wundndusiguutadegunlaasindavuudelu

(battered and breaded

products) smuaﬂwmuﬂiﬁngLUummau’taLLavmﬂausamummm'[wmwuﬂm lngdin1sHEn
mnma‘mmaammmmLmeaﬂﬂumumaumm NTBUANAUAUAIUNANAII L UNED
in3eana winhluguiutsgunendsifdunanndnde utwazdrunandug 1iud inde
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dana Wy T9ne uazipdoame mﬂﬂﬁuﬁqﬁﬁlﬂﬂqﬂﬁumuuﬁqﬂu Wusnwlaemsudidenuds
roufulssuisvenluttu aelikdesumifidimdesnseuinfulssniu (Swman. 2546)
221 tumeuniswAntinuneld

22.1.1 msusnay (grinding) utumeuiiuanauiielideindosuanay dnns
wiundaiiedunisainlusiuduilazanendold udufueiscpsauaziaiesmainag un
wanliduidodetu luduroutaedosmuqugamailunisudauszana 10 ssmiealdea
vidosniy

2219 ms‘ﬁuiﬂ (forming) Lﬁ@lﬁﬁlﬁa'lﬂﬂgumaumﬁummamvaﬂﬂmﬁuww"m
LURUAT mmmaviﬂiwamqq 'Lumaamamﬂﬁuuauimmmmﬂi’lumwusﬂ \l99a1n
Uspnianen swauarguiniiiaruathiasewastasannsvuidounngdunid egrdlsh
purUIALazFUITeINAn N TuegfUALFInsveauslan

2.2.1.3 nmspgniuntadmiunan nmsagnudadnaiiuudsdmivagneimisi
fnguszasdiiieliinvesingavamisodanizfuiudelddity erafinisidundouas
in3eamminsgluntidmsungniefldifioyssusinausa

2.2.1.4 msyuihutiigunan (battering) 1usumeundaunandusivioitiunis
el inansusidanizuindavundslditu thutlunenilinisignumgivszann 10
psrniwalduanionndt uasmsnuedvaiiaueiledestunsiinnisuniuaosrasiutls

2.2.1.5 msrgninanvuni (breading) Hutupeuitasiivisliiifldudusivie
YBITINLAA ﬂwtmmuﬂwuwamLLavmawuuﬂwvmaﬂi‘uﬂmuaamaLzauaﬂwmm'znﬂg‘um
wanFusliday lasindavuutlsieviov (coat) wanfusitunauinsiodsinsie
ﬁaaﬂumiﬂmﬂauLLazmimayLmu‘lm’uaafgauma

2.2.1.6 Mvoaluduusn (pre-frying) Wuduneuitelfiiansinfvosutisiy
dlelalifanundusafiutudasilinmudsgulnensusidenudaieluvildiuazasan
Tu uenvnintsnenrlidvessdndusithiuvdssmuiuiuiasimihidun e oy
msgdsemmidussrinmafuinulasnsudidenuds gamniunadldlunimensglutas
182-193 asrgaiioa dreumgidniuluutsarlian widgumpiguivluoavilidad
videlvsl aniildussanm 30 unit msveasinagnszvilasmsldaewudusimiadnias
asgnszvznan wansusiaiiouuilaadomenfunaissnm 4wl Matufuauin
WAZAUVUIYBINEGR T (S3Anun. 2546)

2.2.1.7 nM3U39Y (packaging)  1un1stesiundndnsignvinasuazgede
AnRusEwiumsiunwluaniwugidenuds

2.2.1.8 mautiBonuds (freezing) uwiidonuisndndnmiigamaisinin -18
osrnwadua ilednengmsiiuinwuazanfanssuveaqduvsdnoudsisiodus

e

3lam
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ATUANEN

I

nstugy

h 4

QRPGLRIRIR

h 4

nsyuddagunen

4

[
nsagninanuunia

-

N1NOAMUTULTA

A13U599

Y

ATUULEDNLT

8/
[

JUN 2.2 Tumaumsuantnnali

222  audnvazidaInisvastinnall

a LY

danala 1undnsusiomnsyunonstramilsdenudnuazyeiomsyunonay
Jusgiuanautivesdamiliyunonuazdmanveaietnnaildygunon
2.2.2.1 audnuniriifeanmsvesdunauvaniotning
uanaN ndu samduazaruanlmivenidetinnauds Sullnadnvurdugiiy
AndnuaEfaIn1san Geanssaunsifensiauuiuvargunendmiutinineliug
Wonuds (Funil. 2546) 8iinsAnwiananiveamdnfusiininalivisdunanveuiouay
dunanvosutanar afdmisfiefildlunisaseaounuaim Ao Usunaaaudy

Usunaulosfu davadn & wasiileduda 1aun Auude (hardness)  Aruwteaniu
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(adhesiveness) At (cohesiveness) iasnaautfivinuamariiinasoniuils
walavaeruilag
2.2.2.2 Audnuniridesnsvaudanaigunen
anautivesutunarqunendldlunisyuneandnsusidninaliduiedni
anuddyrenufianelawaznisdndulavesduilanegraunn Hesnnidudiuysenaud
\daufiognneuen BnsdnuazamnmvestunenasAntundanisnen Famaudnunzi
doansvesutleyunondised
1) dnwuzUsng (appearance) aﬂm'mLLﬂaé’nwmzmmmmwﬁn"wumms
gousurasfuslneldfal (Loewe. 1996)
- AMUBBUYN (tenderness)
- AUNTLEA (roughness)
- A2UTU (thickness)
- \lodurta (textuen)
- auld (translucency)
- AUNFU (porosity)
mogragy mslautednndenazutatinaluntmauygunen szlvdnvus
nsindeuinuniu uideduiavesudnaugunanizdouly Tnsaeidnuasindentu
\esnsraumsiaaAlustuiunnidlusesanniy lunsmssiudunsedeuiiuisnds
wagiimnuduniiatiosnitagviliiinasernainiiiiveutlsaugunen duliesunainnis
seerasiwiliiRIveautmauguventuseu ilvidedudatimunsouuniy
2) # (colon Avaandndmsiyuutiameniiamuiieitesiusgmniuanyoy
Usng mmm%ﬁwﬁumﬂum's*mamu,asﬂﬁﬁ%mm‘nﬁmﬁﬁ;ﬂmamaaﬁ/ﬁma%a%aﬁﬂﬂiﬁu %
fnavinlvAvosndnfamigunonduiy esannsaniuaudlalasmueislunimenuas
yilavasasinasililunismen
3) anuansalun1siainie (adhesion) lussninamsiiusnwnluveudunas
yudadugranariiddgdenisiasuuamuandinisiainizvostiqunen msiziiin
nsiadeulmty ‘U’Nﬂ%y'qﬁﬂﬁmﬁmuuﬂwqﬂaanw%a%uwﬁmﬁm%mmiLﬁmm'm.mﬂﬁﬂ
Tnolanigduilogiuanavesnirusussy uarlunsveauuutnduvian deep  frying)
Taevhaly aeshlinisiafnanas iesanduemsmeludanisuadaainmsidsuaudon
frfuFsmevilituemsiishungunenduanidenou asdglinsdanzitu uenvindu
faflansunegilfidudiunanluntiguneniiiofiasyinlinisBanizdtu 1dud arswed
Woan Tusfuandas dhifuiy uthesndladuasiuaniiy
4) AmunTou (crispness) munsouldugudnuuedfyedramidsiioinde

1]
) ! =4

nsseyUsina dnlundadaeilidinunsevssiindnunemiles vioyuwuulay n1siadey
voautsyunonvedeuandnumnrlasadsestunsiiannsodumaielussssusnuay
Aoy anasiiaytosulondniniogluun

5) nAusa (flavor) dawdiwanfusiesidd edudfauazeunsoudiiusnausa

Y

wilnalagnswauszandudavesyvduazasnseduliiinnisuslaavieufiasnisuslnatiu

q
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1% uenanmsidengasutaqunenilianslindusaiud ndudsduiuislunsussy nan
uazgamgiivesmsven ssrusznauuardnyuzvenihiuilivenuazsiavonninuuutd
1
223  ewAdsiifetesiuqunmuessiningla

Albert et. al. (2007) lavihnsfinwauausalunisganizvesudsguusaining
3 il I6un oxidised starch xanthan gum Wag HPMC Bnviagnyilifandaeisiuandnaiiu
fio nsmeauvutTuvin n1seuRiedauanfounazniseusgeululasian 91ndy
nsavdeunninminianlatlasldnisussinananiw mafilsilinsuiaunmyesinng
Janfilduegfurinvesutsyuuasislunsusslian

Qiao et. al. (2009) lmmiansuszanananmsiuiulasiisuszamiiouie
Anvnisvueaifinenavesininalifignven Tnewdedudavesinuneliilumsfmesi
wrauls Geauanunsalunisiuns ndanudildlugaunnfnuazaiuudeveaininalign
fansn Senantdmaniasudsuuadluamuszezinarlunisven nuansinunuiy
dusrAnsyeanisvinneiiaigd 0.84

Junil wazane (2552) Annsianidavaiyunesdmsuininalawtidenuds
delidnvurresnnuminfimnefunsdameduies manansinvmudanisiiia
dunanluiidolivauaglutamariiidunanvosutsaduazutodnlnadnavinlinmamn
voamandusininalindouuilan @udidenude) Tudnidodudawasdnuassingitu
dudlevidundndusiininalindenuds nuinisdenldutlinudasludunauveadeld
fawfumslutanaiiuutain 10% wioduutsdauias 5% aevitlindnfaeitninela
udaBonudsiinnnmiidu

Akinbode et. al. (2011) AA1271 AUNTURATVUINVBIFHUNAIINEIAYNIN
dmfuqauautiniiganinveseimsneadaiiniiudndulunisiinUssdnsaimues
nsTUIUMSHaTMIWRIWERANS F9ldinsAnyiiieniseduisdnuusuasgnguuay
Uhinainsnszatsvedluivlumsmestninaliwuuiniuvion Tasldndesganssmiiaiged
WUy confocal Tnafiegragnmendigamgdl 170 180 uay 190 °C Tumsdinedazdienw
wunesiiiiumanentazihamniesesinszansluiuiargngu wafildde guuaiuay
narlumsnesiinasenisnszaisvesluliu daumnunuiliiegsewing 4.97% fis 32.7% &
Wusaanangamaifldvieauazvunnuesgwuiinnyszanmseming 1.20 s 550 luaseou

MneATesanatraduasiiuldinansusidninadaityvluteanunménud
dnwarUsing anwaansalunisiaimizuaganumgueutiagunen §991n91uiselaly
wadasieuussgndldlunisnsisdeunuainivanisndaisnisssinananimuasann
nanPTenUIINImTRaeuAunwinnglTUsEAnSHauIn Ty

2.3 wuudnaeed (color models)
=l e s i :t' aid [ U Yo ﬁl [ a =
Adunuanvurvete I vilaniinadensindulavesduslng iesnniludausnd
Austnavgldluysudiunnninludoniu

138192



18

A19197 2.2 Tofuaztainfnvadluuinanddlussuu RGB L*a*h* HSV waz HSI (Rseuial.
2554; RINYWad. 2555)

S¥UUA 97 kRl F2D8719NTT 9L

3

RGB Neeoni1sldanungne dvednindudvaunsalidu Ahmad et al. 143%ans

AMwndieeanuagegly NABY BTN AUAULNBS ysyyqamaninlunisg
Mend . 2006 ' =
S LUakendve901n13

Roberts. 1998) RaUnAlULLAR I NEDY

sz vuu RGB (Fordand

L*a*b* - dvesnandanuaedilyd lddrursawdlalalusiusi - Pedreschi et al (2006) ‘g
Tudugunsaidu ndes AINTUUAATIIMINGAT L*  438%0qs1S80nanan TN

AW AUNULYDS Uay  a* b* fieu (Mendoza. 2006) I -

HUNSIVen
- Nseed (2554) 193513

LAS 8@ U (Yam,and

Papadakis. 2004)

- Jsumlanunaeanne

wad (Mendoza et al Useulawaninlunis

2007) Usziliupnuniwldnsen

- fonlglunwidemuems

(Yam and  Papadakis.

2004)

- fussuufivusd
=l

o s s =

d1usunisinde1unisni

=

AalA9 (Mendoza et. al.
2006)

HSV  HSV ffignauaziBealy  lddansadilaliiuiides T4lunisAuniualugy
nsdnundlduinnda ANBINITUaRMMINGAT  dagginaraifion Gutan
RGB (e ,2550) N uazaLam. 2547)

HIS snzfunwifiaudy - ldaauasadileldwudi Du and Sun (2003) 1455
Yo3EUANANNAU (Ou and fagsAnwinasuda nisussunananinlunng
Sun. 2004) ANUMLNEAT HSI Aau WULENTEAUANNAINY DY
YOANYY
- Avasnwdufugunsn
(Ford and Roberts. 1998)

FaluanuAdelfidenlduuudaesdlussuy La*b* wldlunsiinseinunmiuduves
wninald iesanidussuuailituiugunsal aunsousumldfunaanmsuauandud
Heulunuidemuenis

syuu Lra*b* (uszuunisfadiiduninsgiuaina Waualne Commission
International d’ Eclairage Tull 1976 zuU L*a*b* Usenausme d@iuusenau L* Anuaa
ANaEded Areglugae 0 v 100 dudsenau a* wansesdusenauseninedilenasung
fAnaglurae —128 s +127 (256 5¢6iv) (WuReniuduUszney b* Fauansesduszney
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S¥MINAURULALAIAne (Baldevbhai and Anand. 2012) Tnessuuiifeuldluauideniu

8113 (Yam and Papadakis. 2004) @slusuiddsiazyinisulasnimainsyuu RGB 1u

58UV L*a*b* 1aeszuu RGB 1UTEUUATR9WEY 91nAuiduvesaudndn laun wae 13e0
% a - v ad v | b adda 18

WAy Metiiliaannseuy Lrarb* iednninenindesudniiognavunvessyuu RGB

Lay CMYK

lightness =—e——j

0

sUit 2.3 L*a*b* model
#11 : Baldevbhai and Anand (2012)

2.4 F5n15UszaanIw (image processing)

M3UszanananIw (image  processing) fie nslvinenfinesussinananin iely
ysunwiuAenmeylsvieiidsitauleoglunmuiol Taglidedldarenvesnuindae
findu msnafuaiuina1sds Jwrasisiivsdlevduandreiu lidesdunsiiendud
azya (pixel) 11AA MsAaAuraduviINaIE9IRTINgAY (area) WY m‘sa‘ﬁuﬁ's
(texture) NSAUUY (pattern) NITIATILWIMIFUTI W3ansIATIEiRUURLY WenAi
ansnseylia pmiuiidnuaretils dssilugnistdulaldhasiududeiisnds
Aumvseaulaeguisll (gnswiduayang, 2553)

2.4.1  1Usunsu MATLAB (Matrix Laboratory)

Dugorduaslunsduinuaznisideulusunsy Alanuansansounguaaus
NSAAIUISAND3TIL MIasILuUTIasINALinAanITuaznI5¥n simulation UBI5EUU N3
a%ﬁxwmuau LLaxImaLawwﬁm image processing UWae wavelet NNSASINUNING
ueNaNi MATLAB Sanusavhanléidludnuazvesmshnselnenss fe nadeumdndn
uitazds eliussnanaluizenq vieanunsafisssrummgaddaiulsunsuld @ws
WeALazANY. 2553)

v .&' v cl' af aa
242  anudiUssduingriunisuszanananwainea
aa al Y v = )
nsusznananmdineatlunszurunisildlunisdanisteyadauneivesiunis
2 o o | =Y < 5 D
wlasdayandugunineneg Wiiludygineunden (analogue  signal)  Tiagluguvas
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feyeyuAdnea (digital signal) ieldlunsuszananaiunsnouiumesld wazdanunsa
vanldlunsaadgmvesam Wudu Snvedsamisatirlulduselovilunedu Wy ns
ANLLAY m‘sﬁ'ag‘ulﬂmuawﬁﬁﬁfyiy']mmnﬁLtmwﬁalﬂﬂ'qﬁﬂﬁwﬁ'q n1sifiudeyalily
wihganus o satuamdidansednd ielduszlovilunisvuitundnaiu s
mwaammmw%umu Wugy lunsuasnwlhfudyyanineaty sEUUIBIFUN M
aundoniisuidan (‘sUw 2.42) TuAunlaunsguiung samplmg ey quantlzatlon (sﬂw
2.4b) uardsfoyasenuluzuuuuddnea (Ul 2.40) Mntursufiumesaziiudeyanina
WI8AIUTT IF]EJﬂ’li'ﬂEN'Wu'ZIElF\’NumﬂWEJIuLﬂﬁBG‘LUEULLUU‘UBQE]'ﬁL‘iEl TneArluLRaztadved
p1fisduanaianaianiisngg vesguilniatug uazdumisvosdaserfisdiiduiimun
fuvsvasiinieanieluninge (U 2.4d) (gnswaduasaas. 2553)

Creating Digital Images
Analog Imaging Figure 1
Analog-to-Digital Conversion

Analog (b)
Sine

Voltage
5

Digital Samples. |

Binary" Pulse
Train
Pixel Quantization (d)
3|3 [A6 AT |7E 118018217 4| 83
3 |0 T2 AN N00L TS| 188 048] 118 ] 7 | &0
¥ | 32|51 hoo|tdriartiirsi1ss|i3) 03
A [ a3 {naf1rr sy 17| | 52

Integer
Equi:gient

mlolofole|vluln|w

R R e

13
"%
b
N

3 {134 #jar |0

it ssafasaliasivee| 72f | ¥
e e e L e RS
12496 | s2in | @

)

win|mw|o|lululw(vlofefw|ulelve

¥
=
¥

ale|a|nfuluioleleial-la|®
alajo|ele|wiuu|mln]e

@ [ fu e e

JUR 2.4 mudasnwewrdentiilunm@dnea
MW" : httpy//zeiss-campus.magnet.fsu.edu

Y K
243 UYURBUNUFIUVRINITUSEUIAKANIN
JunaunIsUszInanan nlagmlUUsenaume 5 Junaufigun 25 (Du and Sun.
2004)

ANSLANNUDITUAIN N1SLAILUNTWAE NTUENETUYBININ
v —p b
image acquisition image pre-processing image segmentation
v
nsuUsUsEIAnN | MinRndanuy
classification object measurement
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U 2.5 uansdunounisusznanan v

2.4.3.1 N13linnwegunw (image acquisition)
m3sudgarnangunsalteameane q Feeglusudygimounden ududas
h £ s aa 1 [ ' aa aa W B
wanailalidudygufinea Wi ndesansnwisnea ndasiaviel ndpsiuuan 1ATBS

€ e

aunu w%aqﬂmaﬁ%’uﬁ’fyfgmmwﬁw] Wudu
wavaing Wuddudulunsldnvesguamdmiunisusaifiununinesianms
ANMLVDLATLANANTENURBANNNYBIFUAM Fanmeanelnunmgsazeizanaiuas
anAnududourestunaumsUsrItakan N
2.4.3.2 MIHIBUNINAY (image pre- processmg)
Gudunounisuduussamninvosnm esnnamaeiidyainsuniu Saili

L7 ]
£ 73

AUNNTBIAMARAY FeinqUIsasAvaImsITBL Mt AemsUTulTdayann Tasannis
TnfounaniinauaiifivesnmiiiinudAysenisuszinananmlusunansoly 838013
Uszanananmidasiuil 2 Ussuanite nsussananafiniaiiewiu (pixel pre-processing)
dmdumsusziiugunmonnstzdedldnisasuulasssuud wu mswasuuszuu HS
vidaszuu L*a*o* [Wudu wae nisusvananaimluifossu (local pre-processing) LU N9
USuanudn msUsuanuaing msmdaduanmsuniu Wudu
2.4.3.3 A1TWENAIUYBININ (image segmentation)
Junisuenimgiisadlalunimesnamniundsvesniw 38nsildlunsussidy
Annmwepsudseanidu 4 35 ldud nsuenuinalagnisyiimsylean (thresholding-
based segmentation) n1suenuitanlagldvouvesing (region based) nsuwunuiianilag
NNSYINNSIABUY (gradient-based  segmentation) La¥N1TULEAUTLIUIABNITUUIUTELAN
(classification-based segmentation)
2.4.3.4 MyInAuaNYME (object measurement)
wdsnn1skenduvasn iielilfdunesingiisnauls aanduszrinisin
Auanvuzesing dmiunstssdiuguninvesiemndnsusveimikuesndu 4 ndufie
YU JUe & uaziiloduda
2.4.3.5 MUl (classification)
n1sPuuninglagnisuususeianaueavesdediinlundazuseian laens
Wisuifisuingiiialdfuinusiidimuniningiialdfaulndidssiuinasilauiniian
dwiuisndeuldlunisussifiuamniwe s fe add (statistica)  AssneAAniAquLIATe
(fuzzy Logic) way sxuulassneuszan (neural network)

244  FFMsUszuananInlunIsAIINERUAMAINGINNT
m‘sm‘i’afﬂaa‘u@mé’nwmViﬁ@mmwmammﬂuﬁﬂqﬁ’u%ﬁyuasgjﬁ’umiﬂimﬁuﬁw
aenvesyed ureghdlsinunszuunsiifeddussamdudalunisusziiiu dadvmiwaan
Hadunsaieinerdenaldiedonyuddussifiuuaznadnsiiléfe n1suseiliunaindy
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Araiudusuazaulduiug fafunsemeseuiiiudalutiildssdntaiunnd
waziiuszdvnm iuaugndedlunisnsivaeunasniuansuunsHan Sandmmssed
dunnauiviluduensawasuareendwisdmsunisussunaniwadnealatilgnis
Wanszuy computer vision  Tagliinnldlunisussiiuanniwvesemisiivarnuany
(Locht et. al. 1997) Faszuuiiinumngs Ussvda wiud warlimnugndasinniu (L &
Wang, 1999; Suranjan, Doetkott, Chtioui & Marsh. 1998; Sun. 2000)
Tumstipsreiamdmsundnsiusiowns filluandnuueiiivinawasiuadi

=

= A 1 al vV L7 at s =l
USEANTNINNYILAAAMUTUFDUVDINTITHE ﬂ’JGlQLLaSﬂ’I‘iG\‘S’)ﬁJaaU’Jmq%’m.ﬂ’l‘w ANWYUEAUDN
W = vy a Y] = av o PN
?Cﬂqqﬂﬂqu'rﬁﬂLLUﬂlﬂﬂ?&ﬂqiﬂijﬁ]ﬁaUWﬂL‘?jﬁﬂ']HIU%@UL‘UW?J@Q?WQ FITUIVYIIUTUUINN

Uszauaudnsalunisinduewmansunienmis

245  ewiseiieadesiuisnisuszanananin

PNNASANBIBY  Lu et. al.  (2000) MsusndniwainnisuusdrunIwlunig
Uspidiuna (ovan Téun Aedsuasrrduidsauunasgiuresndudung n1sutangulng
ledideuazdi wisandsnmsnaialasldinatla partial least squares wazuuuIIA
wsevngledssam wazviuneavesdlagldnin nan1sAnsinudn szruunsUsEIIaNanIW
switueietnslovsvam Huedesiefiivssansamlumsussifiunamiuanvonionylng
Tad

M3ATIABUANNINNISNSENEYBIwaAULRs T uEanTlanisUseyndld3snis
Uszananw 1pg Sun wag Brosnan (2003) 1iviinsnsiaaeudnuaenIsunInIE18v099ed
usidemmuuniiggaiensUssnanmanaeniames nafildie n1susziiadieninden
auAana1n 13% aifeuiiisufunisnmaseusenvesyed wayisnistdanniuly
aziunld 92%

Mendoza et. al. (2006) l@vinnsaeuiisumsinduewdniuanianisinunsiay
Tnsinszsinm Tagldiardueanineeinuasualilussuud sRGB HSV waw L*a*b* 3
Feululunsiossfintsanteruummnansuiunuiiiiiolée siananIsaasamuinszuy
L*a*b* \ussuufiuushdmdunnsindemnsiifiialae

3INN5ANYIYEY Pedreschi et. al. (2006) loi1i5n1suszananan nsnyUszenily
’Lum‘si’@ﬁ‘uaaﬁutJ%bwamiﬂﬁi‘z’fqquﬁlumwamﬁLmnﬁmﬁ’u Tngvinnrsulasninannssuu
RGB 1fuszuu L*a*o* ieldlunsiSeuiisudveatud$men nansvaasanuinisnig
Uszanawanmuansliiulinimeniigumgiiguiunfadud Tnsannsafiosanldenn
Adlussuu Lra*b* Feazgniuiinfinaimsmensaiu aamaisniulaglinsiinesnis
Wasuuasisay

Sanchez et. al. (2008) laAn¥INNTILATILHUINIAMNUANF19YBIBIAUTENDU
(lostu erdoiiensiu uaziiiold) waznsIvERUAnNINEARduuaNluTENINANTEUIUNT
wiininde (salting process) feTEmsUszananméiereuinmes nafildde An1sussaa
amasaiunlilunmsinmeilaenissiuiuafuysaug eviunednuurvesusuly
sEIensEUIUMsudnIngale
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PInnuAdeRinadsueziuliiniinsUssanan maINN SR I9EUANNN
Y89819135 AATzimuuanaivetesduseneunieldlunisitungaaninusseimsia
FafuluanAdeiininisussmananminussgndlifunsnsaaeuauaiwininaldiag fu
wnvndunailuiandioyszendldlugnanvnssuemis

2.4.6 Adwinuguiildlaeiialulunisuszunananin

Tunsuszanananmieszuunonfiumesiidianizinnug eldszyddwii
TluenAdedlilunseil 2.1 (gronsduazame. 2553; Ugunsaiwazame. 2551; 7 A3uas
Atde. 2551)

L3

= o w & X £y
A5199 2.3 Adwnnus i leanlulun1suseanananw

oa

ANFNA Aasule

n1sUszuaananaw  Aenstrgunmidnainduvhnsdsguniween unisFenld

(image Processing) Funeundonssudslaq uinsevihiunin ileuuuAmnIwYed
awlldnnlminfaaandiniudesnisidu anuauda n1s
Usgndniuilunisifiudeya vislddmiunisuszananaly
s¥AUguTN NM3andgUTeRnyaeliagulug

3

a g o v 5 o 1 1 nl o v ada v
n133L1AT1EYgUaIn  Aenisirzuaimignainuuviinisdeaininlaesn 5iagla
. . A o L7 s (] s
(image Analysis) ATLUIUNSUTEUIRHAN TNV I LAAINTSINDDNULY N5

uadnuagnaliiluaugaavnssy (g

nsutasnndliidu  Dunssviumsudasnndlviinisuanamaliud 2 seAvfe 112
° ° v v [ = . =l
A1 W Y928 1 uwagi laeszudasteyanmlviniwtuluud (binary Image) &
- :Jd 17 s & eld 17

(thresholding) ASEUIUNMTHUAINTWNLAMUIUNAETEAU WUUANNLAINULN
a Y = a o A alal
Wea 2 szaunie 1 Jafie 0 waz 1 ey 0 wiuganwnddu
wag 1 uugnnmaNdm walamseleanfsnisiiieuiiigusn
- L2 1 Ad 1 1 & 1
AnwanuApINisenInAmsalaan (threshold Value) laee
a Ao v R °
Anwalunmidaiesnitanselaadavgnimundu 1 (ga
A1) waaAvesingalag lunmilaminniansavindunge
Teasazgnrimualiidu 0 (gaun)

° - | a0 "W a
JUAINY19 (black-  jUamiusznaulumedviuazdnvintu rsufiunesaiunse
white Image, binary Aasgnzunmaiiaiiladiienitguameiiadue esngunmw
Image) Y1IindlAndeyaiiies 2 AWty lngazunuddineni 0 uasd

I ! <4 = o W ' = v !
Y1EA1 1 Mseunudaimes 0 wagdu1ime 255

JUn W& (color image)  jUawdarilaguateguuuuidu JULUU RGB  Famunedmiu
LaAINauUDABNRIADT JULUY CMY  wnnzayldluanud
Wenfunsesinidusiu

- = aa -
RGB Image w38 true (Juguifivlagldensisd 3 48 vuia mxnx3 lagil m Aaau
color Image 817 Uag n - AoAUNIveInInluvlIEIanw dulinanving

1 = a

v TuusazfifazifiuAauweniu Aedune Alen wavdiku
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8

A15199 2.3 Adwinugrunldleamilvlunsussaiasaniv (se)

AW ABBUNY
v = ! - 2 v 2 a2 e = [
sUnmsEAuEI (gray-  UWsagiineasziiuteyavesruduwandudeya 8 In vih
scale image) WusasAngaaiusadinnuiduuaslang 256 szau Ingasunud

ANAIELEY 0 WAZWNUAYIAIELAY 255 FIANSEWINY 0-255 g
Wupudukaslulnudin

Anwa (pixel) HuduusznounteSenldsnagamilvingnnin S1uruves
fnwadanndaesvhlinmiauazBeanudnunddiy S
aeRngaanTaLnuiganIuzandn 0 uaz 1 Afirduudas
finwaesuanedannadsvosauidunadusmiifneaiuuny
og TnuAmasiinieatiiedaus 0 s 1

TBN1TUOUNMN (edge  ABN1IRTITAaDULlAENITAINEUYBUINIUMTBLNELALITURALA
detection method) Tngnsduanainnsasunvasesanuduludumnd
TndiAssiugadandnn de3mavnueunmusznausevans iz
Tusnddeild3s canny lumsvnesunamilesanizandnndl
M3l gaussian filter NPUNTMIYOUIIAINITAIUANTEAUAIY
avidunveavaunmiidesmsuaraunsaandyasunuld 39
drldaruisnantunounisuseurananinidoady

(preprocessing)

2.5 n1spanuiuuniITnaas
2.5.1  n999nLUUN1TNAaad (Design of Experiment : DOE)
\umaiiansaiftugsililunsuiussdannezvesnssurunsiinsauvioli
Wuluauanmfliardesnis lngerduuuusiaemdeaunisnisadamiansuiesuie
AuduiusTastad (factor) Aiflasienszuiuns annsafinyinavesaneq Jadendeuru
Tunanfeatu Fudeunndstiaiulddaszninninsiaeilufunadiavesnisesnuy
N1SNAEDY AD "‘J%ﬂ'}'ﬂmaﬁ"ﬂﬂﬁnLﬁuLLUUm'iaaqﬁmamgﬂw%aﬁ'mwmamﬂ%’uﬁgwiwaa
nszUIUTiazAl (One-Factor-At-ATime)  Wilavdidons Imﬂ%‘ﬁ’ﬂﬂﬂmuamﬁmaaagﬂﬁ
nszvaLMTImdngamneiiaresnslii wasdunsdudeminenslumsinsgilay
Audeyagandnadslivungauagedafunszuiunisiifinavosanuduiusiay
(Interaction Effect) seninafutsvaanssuiunsmeiuies dedefveanaianisoaniuy
nMInAaed Aelvinavesrnuutiuduaraugniedunsiinsgideyaldednegs lavanunsa
seyeanuiumfiammniadifuansdsiseduamiuddyussiul sidiarenssuiunis
uaﬂawnﬁé’aﬁm'uJ'i’JmL%’J’Lum'ﬁﬁ'}Lﬂun'l'imsmaaumm‘a‘umﬁmm N139BNKUUNITYNAADIA
Hwismsiiuteyaiiiuszavsamlngnsiuagunlamideusurves input (factors) aghl
i}m.,l:\‘i‘m.l’]tlﬁﬁl&‘ﬁﬂﬂﬂﬂ’ﬁmsﬂmmﬁwm output (response) iAntu
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Controllable input factors

X1 Xz Kn
Input \L l l Output
== Process >
Zy Zy Zn

Uncontrollable input factors

A 1 o GIJ
JUM 2.6 vjudaewnluveanszuiuns

ﬁm : Montgomery, 2007

2.5.2 N159RNUUUNTSAABLBILWNNaISea (Experiment of Factorial Design)
AN3PRNLUUASINABATIUNANEE A minefia n1svaaesfifinnsaniianaiinain

Mssaufurasseiuvesladsnmuniidululslumsmnasatiu nsesnuuuidunnnedead
Ustlaminaneuszns Wud silianansandnidedymiinansunsiservesiiadeiay
neliAndoaguiRananald issnluniseenuuunisneassiiiiussansnmivilendins
naaeWiaziedy wasiliisiauisaussnanavestadanilsiisedusingg vostadoauld
sumiliisansandeaguiiauvauanaendeulvvesnsnaassddgeniseenuuuidae
winvesealiogmeiuvaswuu laun

1)  AsesnwuumMInaasdwinnedua 2 Jade \Wuniseenuuuidaunnne
Foaviinfidieiige swferdestuliady 2 Jody 1y Jade A uasilede B Taetedy A 9z
Usznaudie a sedu diutlade B axusznausie b sudu Fdluusavisndinnueenisvnasiae
Usznaudiensmaasssdaduianuawiiu a x b nmsveaswaslneunfissfisiuiuma
\AmsTann n As

2) NNPANLUUNIVNAADITIUNANBISIALUU - (two-level full factorial) 1Uu
msoeniuumMsnaaedlunsdiitads k Jade fusasdadeussnauie 2 sedu seduvanil
9199t finandoyalBeUFua Wy gl anudu ¥3ea19uinantoyaidinmA N Wy
\A3dns Auruuarly 2 szﬁuﬁﬂénﬁ%muﬁ'saizﬁuqqLLaw‘fwaaﬁﬁ&mﬁaG] Tu 1 1sn@Le
piusysaidmiunsesnuuutuil asUsznoudiedeyaiisdu 2k feya nsesnuuunis
vaassuuuiiiuseleninndenunaasdugiaduusn defitedudusaunniisideanisi
gATI9E0U NMssenuuuIuiagilfAnmImaaesi Il figaiiansaazil

3) ASPEAKUUNISNARBLTIUNANBISALUU 3 T¥AU NIBN1TODNLUULTINN
val3ea 3° (three-level full factorial) vanefia n1seenuuuidewnneaiSsadiudaztade
Usenaude 3 sedu ldun sedui sefunanatagsediugs Fadndnuolildunussiuiiaay
9199% 1A 18 -1, 0 Uay 1 MINEIRY Funpdnisvaassuuuiiesiisyduitanumesiiadoiy
anlutuushass Fehliisiannsafiazuanimnuduiusseninmansy uastladediaulaly
Snwardnwauriduaunsuuunensfnld
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4) MIeRNLUUMINAasLdsnnvaealLuuLiy (general full factorial) Tusa
WUUYDY General full factorial n1svaaesavasdluwsasiadasiidseiunane g
soghay Jade A &I 2 sedu Uade B { 3 sedu uay Uade C 4 5 sedu nsveaasluyniu
agvhasunnArseaurennady dauuy General full factorial @199z luldlunimaaes
yundnitevhmsdnidentads (screening) Wi tilavinnsyendifiian (optimization)

5) AsPRNLUUAIAaILUUIANEIuIBwnyeatiea (fractional Factorial) Tu
N1INAaBILUU full factorial ﬁ’]ﬁlaUﬂum%Qﬂ’ﬁ'ﬂﬁﬂunﬂ‘] Lﬁ‘au"l,*umswmaaﬁa%Lﬂunﬂﬁ]ﬂ'ﬂ
sziuvesyniade Feenvaedesdinmhniamasessiuiuinnads degradu mavaassves
two-level full factorial w04 6 a3 agafesdesfinismanessiuiu 64 Su wie nsdlidl 9
99y 2sdin1smaassegnaties 512 Yu iiteilunisusendainaiuasiunuameI9¥iinig
ganuuuNsaaasliinmsiimavaaesamzuisdouly fuuy factorial Minsnaasdl
asuynideulviiendn fractional factorial designs TUsunsa Minitab @nnsnadtedauuy
fractional factorial l¢audisdiuauilads 15 fdeniianisvaaes fraction factorial il
auddgyegrannlumsvaasaienisdmdentlads (screening) Insnzdniinisandiuauu
avumdoruInmsvaassiiannsaviildeds Suiignidenuvhmsneasadusuiiegluyans
viaawasiuuy full factorial Fslunsaifliildvimmeassnsuyniteulvvemniiadeazsh
TAnnaetamilsiliseninreun g (confounded) 39 Aaunad vianeds Svdnavesilade
ldanusarinisusadiuruenosnunldifiend wareradenindu aliased Tag Minitab
LEPaANT1984 alias TaglugUnuurasnsnsunng nsizinEasesaeunig viliavsna
(effects) vsalsiannsamelévilinmsidennisvi fractionalfactorial #oudendiuitazan
vilvignioudielilanadnsitléenld nsidendrunisvanssiiiign visnsietoasdedly
Anufensfenfunsruaunsuaskansiiodndulase

253  swAdeiineatasiuniseenuuunivaaes
qaned (2547) fAnunisusuUgaUsEiviamaecddnndelagldinaiianas
poNLUUMIVARDY Tumssanuuunavaassutadu 3 duneufie n1smmasauiiondas
seAuvestlads nmavmasaiiemavinavesiadsanuuusiasuasnisvnasaiieduiuna
yasAndadufimnzauvesiniasdinndas snnuanisnasazmslinTsideyaldeaia

o L o

szAulpddn o = 0.05 yilnldavesdadeiimnzausenisnseinsildend msutiniusas

at

U

2N a

Inls91d (2550) IdAnwInsanamuu s minussgveaiasussquiladngldis
ynsadAioUiuUsgunmesmsnanlunseuiumsnanuls Ingerfevdnisusmsaanin
MTATIENsTUUNMTInLaN1SRNKUUNMIMAaBIUsEgnalY lagnn1sAinwanmiagiu
Arsevianvg nsesnavgiininindnanssnuLasNAAOUANLAFIY F99INNANTVIAADN
wudmmaﬁﬁmamwusﬁiamqmﬁ'mmwaqﬁwﬁ’ﬂ fio svpgeseminnderuseg daduls
yhansauau shlsidviauaunsovesnszuiunsfistuwasannsoanaudsiuures
thwiinussgld
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Mendoza et. al. (2006) lavinnsaeuiiisunsindvondnduyivianisinunsiag
MWnsiemziaim ludureunsiaseiniulvesdlussuu La*b*  1niseeniwuunis
naasaduinneisauuy 2 910 4 Yade Tiud vesiunds Eduazdrn) fienienisng
$19819 (0 °: wuIUBULAE 90 ©: LLu”.J(,":l]jQ) AUAZIBEATBINTIN (640 x 480 uaz 2048 x 1536
wnwa) uae srevn (ANeIWiE 5.4 uay 11.3 wu) lagladindndean 6 gn (szau 7) Tu
svuu Lratb* ednnsaniadeffimuduiusiunsidsuudadudeulunmsiuninuas
EULL‘UWmmsasﬁauuawuﬁ’uﬁﬂﬁa

Jarimopas et. al. (2007) lvhns3daiewaunaumuvsaniasfnuunnsian
dwiuinussnsgugnualiivardusznaunsvuiadn 38nnsusenavludenisesniuu s
¥4 Mavadeu MsUsEdiunamsimnssakaznaasesia Tneriasuuuuiiniseoniuy
FUNTIRIUMLUUUUNTIBUALHITR9INAR LA TR 1AL IOV DI UMY feludunouns
nagaulagn1sanLuuNIIeaatlvnveiiea 2 Uade WulnuuInvedinsiednvuinlas
Aranuuinaiisssulivdify 5% sesnsdmnsuuidouveigdunid Usravsnmly
NSARTUIALLANNANTAIUNTADANLY BV DITIAR

PnAtednaiiueniuliimseanuuunmaaesaansatunldiients
U%’Uﬂqaﬂisﬁm‘ﬁmwmmLﬂ?aaﬁaLLasz‘gaulmﬁmmsauﬁumiwamﬁﬂmzqé’ammmamm’m
Funsiiintulddaenndesturuideiiseanisinsieiesfusenovdrdgluszuy
_Uwmawamwﬁa’aNaiﬁﬂmﬁﬂwm“ummwd'zEJLﬁaaﬂmmﬁuwiﬁ%Lﬁﬂﬂﬁu Fafumndianis
aaﬂLLU'Uﬂ'1*mﬂaaﬁqgﬂﬂﬂm'[*z’fl,ﬁaaﬂmmﬂ’uuﬂsﬁ%Lﬁﬂ"ffuluwuum'sﬂ'sxmamamw

2.6 MIlATEisTUUNTIaveaATesialunUEInANAN N

Fn1suszanananwligninnldedrsunsvanglutiagiu ielinismuauamnin
wAnSasiiuszavsnw dndete azmnuaziinugniedunisussdiuguaimiianniu
FafupnasavessEuunTiadaediustuaanin  Seilelddrdaaudrdysena
UszAnsnmuazarudifedeiind ey Snfadufuusslevdifieldlunisuiuuss
nszuaunTs iesanlunssuaumsiimuifeadestunisiawasuiveuindildanmsiney
fimuduwUsifntuiaue Reiauduwlsiiiatusadaimauensruunsiaagainds
fhethaiisisansin (ARdNA. 2553)

2.6.1 AMUENNITAVBITLUUNTIA

AuamnsavessruUnsTatuetausenauludae aruauisolunising

(repeatability) Famuneds mmsﬁ’uLLmeﬁﬁmﬁLﬁmmnmﬁﬂiﬂEJﬂ'}ilﬁz’i’Q"T@ﬂuLﬁm gunsal
Sadermilumstatunuiuieatiugng  waseuaunsalunisiamileu (reproducibility)
Famnefa mundsuwesaindiinannisligunsaitaieafulumsiatuanuiienty
sodeulafiuandeiu Tagaunisi 2.1 aunsoesuisanuaunsavesssuumsaluguuuy
yosFAaUsUTulade

2 s 2
Ototal = Opart + Ogauge (2.1)
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lag
ol FD mmuﬂiﬁmuﬁamiﬂ
Olarre A AULWUTUTINYRATUY
2 = d A w
Ofauge AD ANULUTUTIUUBLATDINDIN

L2
=

] 2 - d A o 1 Y 1 w
WU Ofguge VIDAMULUTUTIUTRUATDINDIAYIZNOULUAMIEAINAINITOLUNNTIN
U (0Fepeatavitiey) WazANUARNTAlUNTIOMIOY (02, 0qucipiticy) AAAIIUANNITA
P [ a a ¥ o w oA r L L 1
2.2 Faradupuulsuruiiinongviinsia 3Blumsia gunsaldneglussuuin dhaa
9 < =2 da & a
Tumsin uagdu Muluimuuusununinulaesssuyid
O iy + 02 ; (2.2)
gauge — “repeatability reproducibility :
ql) A s =l 1/ 1
sULuUNseRNUUUM IMAa I lUaANwIANaNNTaY0eTEUUNTTTR HauUslaun
=:l i v o & [
FUU (part ;i = 1,2,...,a) Uaden 1 (factor 1 ;) = 1,2,..,b) waztavy 2 (factor 2 ; k =
1,2,..,C) UARIRIANNITN 2.3

Vi =1+ T+ B+ v+ @Bij + (Vi + (BY)ji + (TBY)ijic + €iju
(2.3)

Ty
= U A
u Ao ALafY
T; A9 BVBSWATDITUNIU HAIAINLUIUTIU (INU 62
< a o LY 4:] I 1A 2
B A Bvdwanintladuh 1 demmudsusiu wihiu of
Vi Ao Bviwaarntaden 2 drmnuudsusiu Wil of
& a a | Py o A a W 2
(t8)i; Ao Bvdwasamvesdusuuasiladen 1 ddranuuususiu Wiy oy
e = 1 Qy ar A = 1] L
(TP AD BMEasInveaduuLaztaden 2 dmauulsusiu Wi o,
BY) e fo dviswasiuvesaded 1 uas 2 fidAnnuuususiu vty of
V)jk o - By
= = - 1 - o o a0 1 at 2
(TBY)ijk P® awﬁwasau‘uaa“z‘i‘umu Uadeh 1 waz 2 darmnuwlsusiuwinnu Orpy
Eijie AB MANUAIIAAGENYBITEUY IAAMMLUTUTIM WU of
[ A9 TIWIUGIUBINITNAADY

AaturANUKUTUTIUNIMEaveasEUY V () fif
sl 2 2 2 2 2 2 2
V(yijkl) = 07 + 05 + 0y + o5 + 0y + 0y, + 07, + 08 (2.9)

262  FEnsUssfiunaninuanansalunsiaguaziamiiou
dlanismaansduanas Fesiinsussifiunaiaguaiwyestoyanou 1y n1g
Usziflunannuanunsalumsugnanuuanseueasodiedn ANAIIY LAZAINADIIUYDY
sEUUMSIR AntuTsinnnsUsEliurnaruaunsalunisinguas Sanilou 3153015
Uszliuwa 3 3570
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s

1) 33e1deAids (Range method) wmuneunsainsmaaeslutasdug wagli
finsiad Fenstiaderfeyssiunaldine uiifoideiid e ldaunsausnaruaiusn
'I,umﬁmszjgmax'?ﬂmﬁauaaﬂmnﬁ’ulﬁ

2) Feordurnadnasidy (Average and range method) L‘lﬁu']“’ﬂ‘t_lﬂ'l‘wlmaa\‘]
Frluudardsiogeamineuiaudazay S935n1silawsousnnisingreanainnisia
wilouls Lm‘lummsmLLEmmmwuLLUsmnmms}mmw1ﬁwua'mLLaswunmmmaammm
s Yaale

3) 2891 BN1TIATILIANUUTUTIU (ANOVA)  1mungiuni1sinszing
msAnildainmsssnuuunmsmeasaiiefansandamdnausaziua Wuamguesaau
fuuUsetneiifeddyviela uagiinistazanuisonsnaanuduulsanamnIansening
fusuuazwinmuineanainAnistatild FBnsiidedenssiifinnugsenlunisiey
wusnhlildlusunsunsniamasaaslunsiam RffnA wasswifinadey. 2553)

TunsinUMINERANITIIATITRIINAITNNITIATIENAMURUTUTIU (ANOVA)
aefpasuanmnseiauifeddyuesdvsnasau (Interaction effect) SEMITUY
wasndnaufoudidmuindninasaussninetunuiundneudaiitedidy uanside
Wasuiusulinihnuauduinsiaudmanisiaasieuld Ssvswuindvinasouiing
10 warlunsdindninadiuiiteddnIndusosianumuneaindvinandn (Main effect)
gpaninauianieduaudn Wszdudannandnvesninauinssgnilouiinasgialald
uamﬂ:g LmmeiqanmawawammuammsﬂsvLuummmwuuﬂsmummmuﬂ'imiuma’m
Fuavmsiaviloureuaiasiotn (RdnA nasewifioiwsy. 2553)

2.7 msinsesrUsznaudagy (principal component analysis)
Tunsdiffimansaseunudnungemnslunaty sundeufulaonisussiananinih
T fudsnatoia fedmmaldnisiesmgiauamiullden dafunaiiniiases
oadUsznoudAy Ssgnihanlfifieandruausulsiaenissaufiuswans 4 dlieglutlads
vioosAuszneuidaiu Ssiiodndusudstml wazannsomendoyald Sondh factor score
Feanunsadludufudsdmsumsinszinadfnely
2.7.1 AUNUNEVBINTIATIEBIAUTENBUA AR
mMsTefasUsynovdfy visunasaienit nslnseiesAuseneudidy
vandumadalunsanfuusvdesunguiuusidaudniusiullunguriossduszney
WA 51";LLﬂiﬁaq"LuﬁﬁsLﬁmﬁu%ﬁmmé’uﬁ’ua‘ﬁumﬂImaL%adwﬁmmgﬁaﬂuﬁaw's
wianthy Fsmuddeuiifntuenaiesnaniimsiafiniloutunny duiusiuotsaniy
Tufiemnauan (Wlufiemadentu) viefimmaau (Wlumeesatudom) Al dusuysiegau
avosrUsznavaylifirnuduiusfundeliauduiusiutes dwiunsfansanaadildan
nmstinngiaglivdnmaualunissyy Wiedmunde) ssduszneudils nasnmsiases
psAUsENaUAAYILUIINg ARG 9 Tiddy fio A1 communality (h)) WuAALLUTUTIY
Fusaziudsudalifuunaresduszney Lﬁuﬁ'auﬁ%ﬁmLLm'asé'hLLUii’ma&ﬁUWﬂauﬂgu‘]
srufufudstunnniesiiisdla a1 eicenvalues  1Hunasiuidasswesdulszdniaes
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¢ ' ] ¢ 2 v A ) | = a 1 g ¢ a v a
asAUsznauTlulsazesAlsznou Jenesdialininia 1 Jeazioinlusifusznaununase
d7u factor loading 1JuArtminesrusenevreiudaziuyslussrusenautu (faen.
2544)

2.7.2 TUABUNISIATITHVDIMATLAILATIZaIAUTE NaUEdALY

?Jzumaumﬁmﬁsﬁ"uaamﬂﬁﬂfimi'}sﬁmﬁﬂssﬂauﬁ'lﬂzgﬁ'uumausha q fiddiy 4
fumeudsiiie
2.6.4.1 n1safrsunIndanuduiusssnineguaduusynsia (corelation
matrix) mia%"mL;Jm%ﬂ%ﬂﬂuﬁuﬁuéiwdﬂa@:mmﬁaLLUmﬂcfhLﬂu’ﬂsumaumﬂ‘uaam'ﬁLﬂ‘iﬂ::ﬁ
parUsznovdrAgiazdndunismanuduiuslusuuuuidunsilagifane Pearson
correlation
2.6.4.2 N13afnasAUsznou (initial ~ extraction of the components)
Taguszasivaamsainosivsznau Ae namduesilszneuiiausaldfud siamuayn
g Tnserdevdnanuduiudidadussninsiuusiliifudeyassdusynauddny Aenns
weadadunss (inear combination)  wasfauUsiedutensiuLlsestayaliuniian
Pntunnswaniigesfiansaesuremsiudsidnniandususuiiass Tneitliduiusiu
nsuauusn YuiliFesluaulfosdusznevdifyianunsnesuenistuny syeayniauysle
AU FaasdUsznavdidyageSuisnisiiuudsidfesasmudiuuazynesduszneulsl
dunusiu
wadwsildannnisainosdusznau avdaslunisdnaulaiisafuiuiuves
ssrUsznoutiioifulidmiuldlunsinseideluluauian ngiidnigadmiunisimun
$uuvenrUsznaufie “eigenvalue > 1 7 A1 eigenvalue \upfivavandeaiuaninse
19999AU52NBUINNLRTUIBANLYTUTIUTBINgUAIBg s lauInToaLieals Tagunddd
sfUsznavtussuIsAuuUsUTIuTasnguiiagndlddasndt 1 eigenvalue  wdaflail
Uslemifaethesdusenauiusrld
2.6.4.3 MINYULNUBIAYIENAY (rotation to a final solution)
nsnyuunuadfUsznauniousnfauennisuyuunuilafeifuduneuiiey
fiumsusndauusidusiuininduuswils 4 msezdneglunguvielusdusznela
idlasanlunisafnesdusenavensasldesdusznauidsivionatsesnusznou Fauraz
afUsznevasinnsTuvesusuuudadunsusiymiietu Ae fudmils 9 a19as
WDumndnlunangesivsznavdesndenislimnuvuneuagnisivuaiessdussnounie
orldrumsnsveusazesdusznavlidaiau nmavmuunuaziuitnisiesiliandnues
wiazfudslussdusznaunils 4 Faautu Seluemuadeldidenldnsmuunuuuuyuain
(orthogonal) Wuu3uNng (varimax) daduisnsvyuunuuuuiliunuvesesduszneuvu
ndundaduludnunzdminfunaaanatiifinismyuunuiendndunsmyuunuuuui
asfusznauLrarenUsynauliimnuduiusiuae
2.6.4.4 m3denmmiinuazliaumuneuiousyneu (interpreting  the

rotated solution)



al

nstaumneinesdUsznoudutumauiiasfasimuadondel ki umuneun
psrUsznouvserudsTuiild Tnsfinnsanitlussduszneutiug Ussnoudefuuserlstng
Mduandnegudiosnnlussdusznaunilen Usznauludedudsynimduandn o
dhwinveamsiduaudnuanseiu fafurewasld aArumneutesiusenoula 9 msezdes
finsundendansiinesifuanidnvesesdusznauiu 4 unfian udinduiali
mavneufesrUsEnauiliurazesUseney (A4, 2544)

mMslaseesdUsznevddgidnuarasdietnideerannluidsenisusaiu
sysumAvesruduiuS s suUswasfumAnuisansadddasiaiaveaniodetn &
finitedugfinamendesturlunsiinseiesduseneuddy wifdediinidevinudu q 8n
litesfindnilslusuunnies uenanidiiiiguludeswenisulaninumnesanis
AinszviesdusznaudAyignialaefiuysuneia finneuegennlunisulanumneeg
e vaisaumnunangidelifitugiulumsuanadwsilasnisdsidntaywmilsiiiaty
UoelAgnfumsimseiesdusznavddy tufensiinssiesiusenoudidnlilnadns
Tlunsuddgwnla WReafuesdussnovitld wisdsnindunadnsildfliauisouda
mumineld MliiAamduInlunIvaaesuIsHadwsld (sasu. 2556, 33

2538)

273 iAdeilinetesiumiinnzissdusznauddyiiisadasiuaims

91N974398V8Y Vainionpaa et. al. (2004) lAToufiuAIuLANA19UD5N1T
AnTeilun1snTIvasuAnaMUIsEInAlugeusTRanduilngndulesldnisiasey
peAUsznavddy Fanisidsunlasann neesusseinialugaussuandasiingeduly
sewinmsiivlugifugnnsieaeulaglditnis 4 wuu Musnseiu léun duiivsueniaan-
gl (TTis)  MsAlanesiqdundd  arsdunsesinusueniannimuasyssamaura
Uszilua TneifleiTouiisuresniulivesnuninlaglinisiinsesiosdusenauddsy
WU BMTiATEingadineuas TTis Tinaiieriusastsondanmnimldunnndnn
ansdunszimsuenienuaimiasussamdudaUssifiune visotvagUldinesdusznaud
BaUsznaudevatganstsuen (ade) Sssibusviiivsuenianmnmldiionvindu

UAws wae 5978 (2550)  AnwIN1TAATIEANgANTINAIUAIINrEnvaILllas
Snvnmipdudauoscautvisduiia Tiun uavinereden ulwing ulsfudivends wavuls
i wuedautiisstuiinavlviavemeginssusananuansiatuegiaiited dymig
adid (p<0.05) Wieldinaianisinsiziosdivsenauddyy Snsisianuduiusvesviauled
finasar s iiinesiiiasizvils wuin PC1 wie asdUsznouvesmsiAniaadinuduiugiu
Frnmilailosl iy luansil PC2 wio ssdusznoufumumilniinuduiusiue
auniaveaiudswazyihliign uenvniidfeldinefindinssissdusznauiiameidnuasy
dedudavessautmuanunsausdnunrvesaautseanlfidu 3 ndu Aowautlsiifianu
favguuazinilongs wauleiifiaudanguuazmiorunanuasoautiifinnuBaneu
wazwileItay
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INATANYIUDY USTgtazang (2554) TAANINISRAIUILUIANUAANERA L
tnnalidieuududdagldununimanudesnsvesfuilaasiuiunsiiasziesdusenay
dndty wudlaldramnimmedunenmuendadueiininaliuudsivienis Wuduwuy
Tunrsiauesnnidundafudiilifuazuuuaiuveulassuainguilaauiniias
UBNIINTINNUHLAINAIILTOU ﬁﬂﬁmm’immmwLﬁ'aé’uﬁm@uﬂﬁwﬁﬂﬁﬁwaﬁa
arweulagrauvesuslnanniian sesawnferd Tnglawizagnadarn adhesiveness 1u
Jaduilinaidauandesamureulnesin uazaniedudamdudutadeilinadeauden
AuUlABTIN WU hardness springiness Wag cohesiveness LHudiu Fatunnswaun
aunmiiadudalundndasidninalduasininaliududedeiiauddyuasidnsnade
raulngsmvesiuslnanniian

NIV BEUNILaLANY (2555) liausnisainsirinueanagedeiayio
uilupnsuey uazssuuayndidnvseindlumsusnuezidosanvilnsing 4 tefazyszgnddu
ssuvayndidnnseiindareirinvieunluaiiveusely ludwvesirinvounluaisueu gn
asrvieiIsanagnaulassmemaaiivuuanudsuiuinglulasiau Lasuuuvnainamusau
fufinglelasiau nanismaasuiukeanssed Usinginuuuiiaideainmnufouiufinele
Tnsieuliinaneuaussiiinin dwivssuuayndidnnseind lihinluvieanatavans 4 viln
mumudueriisditmalinseinaldisiassvesruseneudifny naflliauisausnues
Wesanauviiaiuanmsdulddaisslominodnandefaniiolinnaaeunazaiuauamuan
luiosdu

MneAdeiinantsfusriulaiunainnsimsieiesduseneudfyanunse
u1UszynaldlunisiiTe uis uauuAnNa199eIAaN BaELAENIANFUNUT VB
msfinesuderuusifethadivsyansnm suiulumidteiitdshmsinseissdlszney
ddguldlunismanuduiusvesinusaudnvusvesinnal tiesiufuusidu
asrusznaulninounsihesrussnousinanluiduimulsdmiunsiasigsisaly
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A5ALHIUN15IY

[
a v aSaw

Tuddviiiinguszasdfaiiednvisnisnssasunmuninvestninalilasl§iinng
Uszanaramenminiunsiiasiziesnusenavdfy 5ﬂ'?13aﬂ’mﬂuqmmwﬁﬂmm‘tﬂ%a’t{f
FBsmuaunsEUIuMSEEd LAy sanmMsIsRana1deiy Tnowdseenduduneundn
fun msadueiesislunisUssnananimuazesniuumsneassfinudadeiiiedoeivd
yaanmeeiioanmLduLUsianAntu MniudieseisruumsTavenadeileysznana
amitasduiteainannuiule ntufuisnsnsivaeununmienndnvaslasns
Usznananm fewmhaudnuaeiilfmihnsiinseiesiussnevddgitoansiuauiuls
fazldlunisiiassi mnﬁuﬁwméﬂixnauﬁaﬁ"sLLUﬁTwﬁﬁﬁLﬂswsﬂﬁlﬂaaﬂLLuumUfju
nszurumamesmadaiaitelilumsmuauauniiniaeld uansiagud 3.1
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niinla

3U# 3.1 dunaumsAniuaniey

3.1 prsafruadesdioUszurananiv
311 wdnmseanuuuAsasiioUssanananiw
9MN9UTTeva4 Pedreschi et al. (2006) ¥asrunsasiolunmsuszinananmiile
l¥indveiudSanoanseu deun Asgnal (2558)  lAdaudasuazadranissilelunns
Uszanananiwdieldindvadldnsen Farnnansitenuinadesielunisuszananann
fseral aretuannsautuendvadldnsenldidivetha
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JUN 3.2 fegaATesdiayssnananiwyed n) wiediiaUszanananinyes Pedreschi et al.
(2006) ) IATBIIDUITUIANANINYDY AU el (2554)

uAdawuinaTesdiaUszanananinves fisgnl tulimulimansansgin maiduasalisald
dnadesiievszanananimiuifiarsuiieu vl aliliauanysaluasiunsause
geamnssuemsuIngadu ddldfivuamialuniseanuuuunaindiuugiives European
Hygienic Engineering & Design Group : EHEDG (2007) laglafiansanmuussiiunssaluil
3.1.1.1 Jannldbiidusdunseuazidswienisyuilouonms
d a s A a W P 1
ilefinnsnniaTesiisUsrinananinvas fisgral aswuirtaniusznaulunass
[ et ] val i ] LY - < o g o a o o1 P
Mannldigsenavinlviidu dutagiusznavilulassinanmvanduisaiulade d
nauatinnavihliiianisuulauiuaimsninuvedoule
) al-lvd o 1 v =i W «
3.1.1.2 Jagdldfirunmu wiauwss azanrenisldauuariijudnualasay
a5 NIAT AR UTENIaRANINYDY W al zwudnaIesilailvuiaing
g s U dl o d -] :t' o ¥ o L] s
uminAsudranniliasainiannlsznauiiulaswiunanmangaitbiduindmiuns
ol 1 ] a _da _a « <k < w 19 i s ' = )
wdaudne lifdUaniedia wargunsainldlumsdadundssaisnndlidunauazudans
o v 1/ = 1 =] d' a:l' ] 1 1 a: o - = 5
219 lvindauinnsnnaunIBlnasuNEHafaAMANYBIN a8 AILUNIIATIEY BT
1 ) P < ;
ldannsnsesiumsnmvdauaunnemsiinsindeunluaiewiulaluouinn
L q’j = 13 t‘-’l L A a s A:I' 4
aatuidlasanuuuinsedioUszudananmdsu 3.3 Taefersudagiunzaui
Trannsulssanamiiognsdiiauazmuauuziives EHEDG (2007)

< A i oo
UM 3.3 wuwreuadesdleyszinanan nitlyluamuide
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B2 aammvmﬁwmaaqLﬁaaﬂmwﬁuLLUsﬁLﬁmmmﬂ?aqﬁaﬂizmawamw
%maumiaanLLuumswmaaa%’mﬁw?ﬁ’mﬁaﬁnmﬁﬁﬂlunﬂ%‘mﬁaﬂ'izmawamwﬁ
a1y Tnadutlideiifetestuivesnmanetunuidesnisusznana Woannuduuls
#en99ziAntunnAIeile
Fegaildlunismaassayldnseasmdesun 10x10 wuwes Weswinaganly
nsnaassazldinudvoninng LLamﬁ&‘gUﬁ 3.4

UM 3.4 nsgavdnldluduneunmseeniuunsvaass

321  $uABUNSAELILNITOONKUUNITNARDY

3.2.1.1 finsantlaseiomaluszuuuszananann

fvrsandedeiaualussuvyszmnananmiiisadestudr dvesningae
ForsantaderamuniiiiotetuAdussnmmelussuy L* a* b* Ysaniweneduuay
ﬂ'saa{]'ca'{'fa‘[ﬂa‘l'ﬁmmiﬂ'm'tJ'iza‘un'ﬁzﬂLﬁaammmﬁuuﬂwmiwﬂlmﬁaaﬁu

3.2.1.2 99nUUUNITNAADLUULAYEIUTILWANBLS LA

frenmauaulagldiadesiionisussunaenin aantuiadainniweredueu

(gﬂﬁ 3.3) laglglusunsy MATLAB Lageenikuun1snaasdluuLAvd I udunaneioa
(fractional factorial design) A niadefimdssinnisnsaslududu 9anduRansanawil
veddyreatiedudendvesnminglussuu L* a* b* fisziuainudoriy 95% iarmualy
Hadeiiiinanemdveanmenadumasilunisidiedssiioussinananimiitoanatutuusi
suiAntuluszuy

3.3 ATHATIEAITUUNTIA

Tdwdnnisaauanunsalunisiadiuaznisiamileuvesadeaiiodn (GR&R) lun1s
Ains1giiaiesiletn eadeanudeiuluiaiesilefadrdriitaldaniatesiotail
Auannsalumsiumensdniaivazausodlildlunismvaunssuiunsdeadadely
1]

3.3.1 fegniildlunisvaass

egililunmannassasldnsvavinudundaviesunn 10x10 lwuRns

10 fhog ieaninazmnlunsmaasuazlddindosidafuieunuanuuansiatuvedd
ilotinina wligunenuazgusuveatining LLﬁmcﬁ’agUﬁ 3.5
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P o o ) =
3UN 3.5 dveanszavdnldlunismeansainsydu 1 fa 10

332  fusaunsauiuaunsiassiszuun1sin
3.3.2.1 frsandadelussuumsinvaunissiloUszanananin
frsantadeluszuumsiavesniosioszinananin dadutledeiiliiinaresa
gpannangluszuu L* a* b* ﬁﬁzﬁ’umwm%aﬁu 95% mﬂﬂ"umaumsaaﬂLmeimaaﬂu
Wite 3.1
3.3.2.3 9nLuunIsvinasdlaunaneSsawuuiiu
Fadannmasiunu dludiuiesldnseaed 10 sudu ﬁ’qgﬂﬁ 3.5 UAdDU
lngaanuuunsvaasudunanaGealuuliu (full factorial design) :ndadelussuunisia
gauAInslaUszananin ldlumsimssissuunisiavaaniasiioUssinanann Lite
NAABUAIUAINITAVBITEUUNITIATA T ald s A aailedinraansalunisutanen
HARAUN
3.3.2.4 NMSIATIVNANITNARDA
ﬂﬂ‘iagaﬁlﬁmnmsmaaﬁLﬂiﬂsﬁwaimaﬁﬂﬂmmu MINITAB 16 lagld balanced

ANOVA 21ntiufiansanaiauuwlsusiudlainaisns ANOVA

3.4 n1saTvdeUAManYMElagn1TUTTUIANANTH
3.4.1 msléfuwmgﬂn']w (image acquisition)
srenmiuenluniasdiaUsyinanan Tnsnseenmezidousiode USB Hu
rouiunes lagldlusunsy EOS  Utility AesissiArfaudnuuzvasnmaisdaslusunsy
MATLAB
3.4.2 ASIASYUAINEY (image pre-preprocessing)
ci'lsm1wﬁ’nanﬁmﬂ%‘amumwmmqq 2 udms Uiuugsnmunmguaw
routhludinssy Inadaiuvdwesnmdelfindsamsduiludnnela ﬁqgﬂﬁ 3.6 Liio
wisnamdetnnangeinsastaevliniend miunisinsswug Uanaugngu Andves
el ulsyunoauazgngulussuy La*b*  Tasfnnsandiiuanseiy  Tneldlsunsy
MATLAB Tudumausisly
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JUT 3.6 msuTuusspuameaniwdie n) amaedninelaildannmsdienm @) suam
dninalanrunsianumnd

e i

JUT 3.7 fedngunminviminisuendau n) juamluszuu RGB ) U mszdudin

u

A) FUATYNIA 1) Huvean waretninmlaen1smIsaunIn

sUil 3.8 fhedhagunmiiimsnisusnduning n) sUnmininmiFesnsuendnma )
gﬂmwehul,ﬁ’aﬁ’mﬂm A1) gUnwduutaguneatining ) guawdugnsulnng
3.4.3 MSUENAIUYDINIWEAIE (image segmentation)
34.3.1 nunmiuiuiitasUinagwgy
14lusunsu MATLAB TunsTanuamiuiuiuazuSinngwusasininald Taeth
ameneiiviulgudidedueanmitldavegluszuu RGB Fedesutasnszuu RGBTy
sUNMNsEAUAINT (gray scale image) ﬁamﬂé"mmﬂugﬂmwm?ﬁﬂ (binary image) tialwnns
usndnvaImiedauBtuasmuivesnmaetninalasnismeeunm @fﬁgﬂﬁ' 27
3.4.3.2 Yanunmiudvendald dvesuthgunon Fvasgnsuluszuy Larb
1Husunsu MATLAB Tumsinnmnménudvsaiiotning dveutlmunen dvesg
wyuveainneld Tnsthamereiiuiuuguddadvesnmiildazegluszuu RGB Jedpautas
9In32UY RGB WusEUL L*a*b* 9ntiuuendauvasnenedlasnisidendauiiiuilorninn
wanazgngu Welilusunsudnamineaiifisdlndidus Swaillddonmaveudazdi
vaining faguil 3.8 Asuthawddusnduldunduine L* a* uay b* 1ds Jedaeds L*
Ao 0 A 100 a* A -127 v 128 uay b* Aa -127 v 128 szgnuuadlaglusunsy MATLAB
iflrneglutiag 0-255 sis 3 e ileliawmnsonisiiasizs
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3.4.4 n3IRRMaNENE (object measurement)
3.4.4.1 SnRua UL TN
dlousnduveanmdreudy mnﬁy‘umwf'i"lﬁmnnﬁmﬁmﬁz i ‘ﬁuﬁuavﬂ%mmg
wswuaaumnmiﬂawmsmwammnmqnuummuﬂwwaﬂ Faguil 3.7 Eﬁwmmwuﬁﬁﬁwu
Wuituismesweuutls devivwesmsiiane (raansalunisiamniy) LAY INIUTAVLA
duiuidvnaeidetninauazutlagunen mnduiuswiuiineanwludniduiuiid
mﬂunuwnmaﬂuaawumnwmauﬂLﬂ%&lﬂmmnmwwaumw aeldirdesaziiuiisnuves
tnnatuug Taglélusunsy MATLAB
3.4.4.2 Saqmunménudveuield Fvesutlyunen dvognuluszuu Lxa*b*
dleldnmdvesusiazdruasinmng faguit 3.8 9anduthamilduniassiandl
spuu LYa*b* TeentsAuiaAiedsued L* a* waz b* lupniinea Tneldlusunsy

MATLAB

al

3.5 nmshasigvisandsenavdnf

Ly
s

sleldandnuniziie 11 audnuoy (i USinaignsu A1 L* a* way b* geailetining
uwlsguneauazgniy) Iwgninsziesiusenevddylagldlusunsy Minitab 16 iean
dnnuimudslaemssiuiulmansy 9 Mlieglulldeviossiusznoulieniy

351 asuvindanduwus (correlation matrix) iensadeuaudius v
Ardnuniziie 11 4o Tngldlusunsu MATLAB

o o o ¢ = ) o vy ow
352  dfnesduszney amdnnuesvsenauiianunsaldfudsiansannsald
TnsandundnaruduiudiBudussuirshuusiliiduieyassdussnoudidny

353 @endsmaviyuunu wendiudstiiuaudadndudmia 4 aseedneglu
nguvssluasAvsznaule

3.5.4iGenAvunesAysenay (factors score) waznd¥oasAUsznaUNIATIZALA
fsndendudsiminsduamdnvetesdiusznauiiu q uniige vasmniuds
TauvuneunasrUsenauiliinazesnlsenau

3.6 msmuaun‘ssmumsﬁwicﬁ'mﬂ%aaﬁa
@ ° a « Y] o o o - A o 1 1 Aw 1%
NAIINYNANTILATISHITUUMTIA WS 1eaudaiulupIesdisTainA1nialaann
Lﬂﬁammmummmmsn‘lumnwmaﬂmasmmmLtaummiauﬂtﬂﬂ'ﬂumsmuﬂuﬂivmums

o

Lﬂiﬂaﬂm‘ﬁﬂﬂuﬂﬂulLUﬂ'ﬁﬂ?Uﬂﬂlﬂ'iuU'Juﬂ']'iL%\‘lﬁﬂW\]u‘U'ﬁjﬂﬁ]Hﬁlﬂﬁnﬂﬂ’]‘i’lLﬂiﬁuﬂ@dﬂﬂ‘iuﬂaﬂ

s

?I"IﬂﬂJEJ’]LUuWJLLU Tlmidnsy NINAdaU QIJ‘UUWEUIUﬂ'ﬁﬂ’JUF]‘QJﬂiﬁU"JU ﬂ’]'i'&‘d\‘lﬂﬂﬁll}ﬂdu

@

3.6.1 fmagretnnaliildlunisnaass



40

s L3

lduAndsitnnedn 2 vila iielfunudnvasvestinnaliiunidgud 3.9
wazdninelaffaunddegud 3.10 lagldmnuuansraresnudnuziidosnismmoasufa
unmdvesutliyunen (PCL) aunmuamudnvesgngu (PC2) aunmdvouiatnng
(PC3) wavpua @AMy (PC4) Fuduguidnuusildannnsiinseiesdusznou

o ) o o
dney Wusminvum

U7 3.10 fregenldunudnuuzveninnnliidauni

3.6.2 naidenldunuglinIuAy
NNMIATRdsUandneuzsinnalisnmsUsznaranw aildaresnin
Vi 11 §us waslodinsisiosdusenovedldfulstuiifios 4 fauds tiud e pct
PC2 PC3 uaw PC4 fayavesesdusznauildannnisuszaanananiwegluguuuudndaing
Wit (individual observations) fatiududenldunugiimugudmsusiethuisivesda
8130 (shewhart control chart)
3.6.2.1 MINAGBULNUANAIUAY
nagauunugiinuaulagliunugiiuiugiinuaudmiusediadelunsaueu
NI¥UIUMT MInAdeUfiinaniiensIvasuauiawaInfiinanaulanatauuud 1
(type | error) ﬁaﬂizﬁﬁﬁmﬁuhﬁcﬂwmm"1nsxmum‘sagjmEJuaﬂmiﬂ'mﬂmwiﬂ’rmﬁjuﬁd
uwhegnelimsmunu uazanuRianaialuud 2 (type Il error) fonsdinsindulefiawane
Inszuumsegnelinmsmvauuiaudusidiagnisuenmsaiuau (Montgomery,
2009) Tnsutsooniiiu 2 Sunou wail
1) *ﬁy’umaumiaammmmuqﬁ (phase 1)
oonuuuunugillagldunuglimuaudmiviegudeiioiasevial PCL PC2
PC3 way P4 dmiudethaliinalififidnwasunivieiinsiasuudrinduresd Ui
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3.7 917U 80 FI9gN LﬁamaauLmunuﬁﬂ'mﬂu'hﬁﬂ’mﬁmwammuﬁ 1 (type | error)
wislil Aeumsiiiinauaululdlunssuaunsmususioly
2) %‘;umaumsmqu‘%aﬂﬁl‘z‘fl,muq:‘Jmuau (phase 1)

Tdununiimuguiviegainnalafifidnuusund dagui 3.9 $1uau 26 feg
WIINARALALUTTANAEINY LLazﬁ’ﬂLﬂmldﬁﬁé’ﬂwmxﬁmﬂﬂﬁluﬂmﬁmmwﬁ‘uamﬂa‘qwam
(PC1) faguil 3.10 31U 1 faede Wevaaeuiumugiimuauannsonsaduddaundld
visaliveilnuiianaiauuuil 2 (type 11 error) wioli wazvmsveaeuludnumsien
Lﬁaaﬁuﬁﬁuﬁﬂnﬂmlﬂ"luﬁauﬂadqmmwﬁmmmﬁﬂ‘umgwqu (PC2) Auawdvauiownina
(PC3) UaTAMAMATUAILNTY (PCA)

363  Anwdnvauzyssdoua
Andnundeyasduszneuitafudoyaussnaumslivusugiauau dafy
Johmsnsiaeutoyadsil
3.6.2.1 MINTIVABUNMIUINUAIMUVUNR (normal distribution)
3.6.2.2 MINTIABUAVANILS (correlation)

UNN 4
NaN1sNAaBILaLINTalNg

PnmMsvaasmTuneuluunil 3 nansvaaewseaniiiu 6 duile nsatiauntesio
UszanananIn n1sesnuuunIsnaasieiansantletedilnadeddvosningis n1s
Arneiszuumsin mInssaeuaudnvarlnensUsznananw MylAsgiesdlsenay
dfyuarnmsmununszuIuMseadia uansiedeluil

4.1 wamsa¥runseedloUszanananiu

MmIRRLLazdaLauATesdloUsrnanasInauITeues Pedreschi et al. (2006)
uaz Ragal (2554) Tnensinsanianiiorldainsuussnaiiiiodshiawasmuuusii
84 EHEDG (2007) museidiusaluil
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Jaatunasannnigusnuazannisasvieuveuasnisluld lnsusznavlaifundesdinasy
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Wainmuaszavresadie 6 Jatefiiwmdaainnisnsaslududu #9n1s199 4.2 uay

[l a = 5 2 5 6-1 v
DONLUUNITNAADIUUUIAYAIUTUWANEITEA (fractional factorial design) wuu 27 @

PULA 32 NISNAADY ARSI 4.3

]

A1397 4.2 szavvestadenlglunmsmeassanuiifeddty

o3 6 LAY

#1 (-1) ga(1)
HYINNTVIARDA (A) AU 1 AUl 2
ANuMdaeduIY 8) fi 17
FUMLIN52193UU (©) oq naN
Iunasalv (o) 2 iaon 4 ¥aon
WaINIBUN (E) Laidi i
sozviretiunuiundes () 235 cm 355 cm
15197 4.3 FULUUMSNAABILAZHANIYIRdRUAT Ml TEAN Y
aau 416 U Ja3w HANIINAADY
nMsaN  veaeg 0 g Al TR AV TR N he a* b*
21 1 3181 \by o 1 -1 80.8328 -4.9729 19.8416
3 2 i 1 L 000\ [ 1 759295 08427 46.375
15 3 -1 1 1 1 \ 1 90679 -1.7152 439415
8 30 1 1 1 e 1 773140 -1.1903 459894
16 31 1 1 1 1 -1 -1 950440 -4.3397 41.5148
11 32 Yo 1 O 1 1 -1 943446 -2.8746 42.0624

19215047 normal probability plot of the effect vasan L* (gﬂﬁ 4.2n) warNanis
AT1YANNWUTUTIUYDIAT L* 91nTande 6 U338 fam19799 4.4 wWuI1BnEnasnsIuay
vaealy (D) sreevinsesuinTuauiundssaienin (F) dnadeni L* Aseauanndeiu 95%

(P<0.05)
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Normal Plot of the Effects Normal Plot of the Effects

(response is L*, Alpha = 0.05) (response is a*, Alpha = 0.05)
Effect Type Effect Type
L @ Not Signficant : s @ Not Signficant
51 uCF . L] * u Sigaficant 954 ¥ > ar ® Significant
o : .Isé! i T S B ! iy % W Factor Name
‘tn £ ' N Operstor A Opemtar
LAl J B Backgraund a0 8 Background
o 7 c position L ™ € postion
€ 4 0 NO.Lamp E 0 NO.Lme
8 = E D utside fght S =] 3 Owtside Sy
kol F Dhstance 5 o [ Ditance
& x & xq! :
b 24! !
1], 10 !
54 - s+ =0
uF (14 :
-5.0 2.5 2.5 5.0 75 10.0 12.5 -2 -1 L] 1 2 3
Effect ﬂ Btfact °l|
Lenth's PSE = 0,321403 Lenth's PSE = 0.150291

Normal Plot of the Effects
(response is b*, Aipha = 0.05)

Effect Type
: x ® NotSigaficant
T T ] o Sigaricant

Facor Hame
Opentor
Backgmund
position

HO Lamp
Outside ght
Dktance

e s>

Percent
w ? yusnsa’g § &

Lenth's PSE = 0.218288

g‘d‘ﬁ 4.2 normal probability plot of the effect 98371 L*a*b* Tudumauniseanwuunis
NAABa 1) A1 L* 9) A1 a* A) A1 b*

A15197 4.4 #ANTILATIERAIUUUTUTINYBIAN L* (analysis of variance for L¥)

source DF Seq SS Adj MS F P-value

main effects 6 1212.89 202.15 155.45 0.000

operator (A) 1 0.16 0.16 0.12 0.736

backeround (B) 1 1.56 1.56 1.20 0.299

position (C) 1 0.55 0.55 0.42 0.530

no.Lamp (D) 1 1107.09 1107.09 851.33 0.000

outside light (E) 1 3.04 3.04 234 0.157

distance (F) 1 100.48 100.48 T2y 0.000
2-way interactions 15 Binlb 2.08 1.60 0.230
total 31 1257.04

\dlefinnsan normal probability plot of the effect ﬂaam a* (iﬂ'ﬂ 4.2%) HAZHANTS
'JLﬂ‘i']”ﬁﬂ')'}ﬁJLLU'EUTJ‘LHIEJ\‘Iﬂ'I a* vnvavue 6 Yady & Ham1599 4.5 wmwaﬂﬁwamnawu
%ad (B) N3 LY (O Fwnuvaeald (D) wavszesrieszwindunuiundsa
fenw (F) fnasiann a* Aisziummuiiesiu 95% (P<0.05)
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A151991 4.5 HaMTIATIERANLLUSUTILYEIAT a* (analysis of variance for a¥)

Source DF Seq SS Adj MS F P-value

main effects 6 103.584 17.2641 199.34 0.000
operator (A) 1 0.013 0.0129 0.15 0.708
background (B) 1 56.187 56.1866 648.76 0.000
position (C) 1 17.206 17.2057 198.66 0.000
no.Lamp (D) 1 1.934 1.9340 22,33 0.001
outside light (E) 1 0.191 0.1907 2.20 0.169
distance (F) 1 28.054 28.0544 323.93 0.000
2-way interactions 15 6.302 0.42 4.85 0.008
total 31 110.75

al a 1 . i
A9 4.6 HANITIUATIEVAULYSUTINYEIAT b* (analysis of variance for b¥)

Source DF Seq S5 Adj MS F P-value

main effects 6 354491 590.82 139.12 0.000
operator (A) 1 0.13 0.13 0.03 0.866
background (B) 1 3229.51 3229.51 760.45 0.000
position (C) 1 3.90 3.90 0.92 0.361
no.Lamp (D) 1 280.81 280.81 66.12 0.000
outside light (E) 1 0.00 0.00 0.00 0.991
distance (F) 1 30.57 30.57 7.20 0.023
2-way interactions 15 570.96 38.06 8.96 0.001
total 31 4158.34

\lofa1306 normal probability pLot of the effect ‘UENF’]’I b% (su'n 4.2@) uazHans
AATERANLUUTUTINTRIA b* 9T 6 i']%a F1m15197 4.6 wuddvdwasndny
vda (8) rurumannl (D) warszezvissywinedunuiundssaionim (F) finasiaA b* 7
seRUATIGRi 95% (P<0.05)

W158u1 residual plot woeAn L* 'l.uguf?‘; 4.3 WUIIRMNAN (residual) HnsiSeeindu
wunse manssaredudunuuuni @ versus fits wag versus order Ui ArmnAIeiAIY
wUsUsauneil dsludiuvesdn a* uay b* luguil 4.3v uas 4.3n mudiu Alfnawudioat
ffu residual plot vesri1 L* Feanunsaaguldindnndneesdeyalifinunddaiudsannsai
foyaildanmsdinnesinldls



48

Residual Plots for L* Residual Plots for a*
Normal Probabiity Plat Versus Fits Normal Probabiity Plot Varsus Fits
ki . b “e%
= i . .y . . 3 ey ....u .
1R T LI Ts i .
: H | E7 i,
1 e © I
4] p= - v &
P [ P % = : 1 [ 1
Fitted Value Fitted Valus
Versus Order Versus Order
12 4
w0 2
: LA A T EERATL
£ Y gl E [ At 1Y
i [IFAdT i RIS ; I
£, A * 2
: < : - “
- 3 2 1 6 1 2 3 I 5§ © 15 2 2 l z 15 O 5 2 = U
Reskdual Obsarvation ardd Obsarvation Orda
Residual Plots for b*
Normal Probability Plot Versus Fits
. -
"3 =
} i - )
o %
-10 ‘e £
2 »

Versus Order

i:L_hA: A MM

g e

E 1 5§ 0 15 20 25 ﬂ
Obsarvation Or

= 5 ' 5 ' 1
3U% 4.3 residual plot vesA1 L*a*b* ludumsuniseaniuunisnaaad n) A1 L* ) f1 a*
A) AN b*

MnMTassitadeiiinarilindvesn maedunuluszuy La*b* wWasuudasy &
faum 4 Yadedalumsiuaiesiotssnananwluliddesmualidededengndy
AAsTiitoananufuulsLaranmRanaaiiosfintulunisuszinananin Tagldfmue
el Aundanaduan B) = /1 Furian1sIt Uy (©) = nane wWuvasaln (D) = 4
Waen LarsyETesiuIuiuNgs (F) = 35.5 cm
_ diugvinisveaes (A) wazuasniguen (E) wulliifinaserd@ninaneduay sz
anudasiu 95% (P>0.05) ﬁeﬁu’iunﬁﬂisﬂmawamw‘laﬁwaLUﬁauéﬁﬂmimaaw?a'Lums
den ezl iaies Gluaanisuen) viedaduaies (Liffuasneuen) flidmaliadves
awghetunilussuy La*b* Wasuuladly

4.3 HanITNAABINITIATIZHIZUUNISIA

M&IINN1TBBNLUUNITNAGDILAE AT TS RTinaro A Eve s wE BB uauviale
aunsoanauiuLUsiiaviiniulunisussinananiwuds drutladeiilifinasdendves
Awanetunulaun Avin1sveaedLazia@nIuuen Faterndudiunilsvasszuunisinves
mMsUszinaran fauduneuseluazifunisimsgissuunsinveaniesiioussnana
AN BNAZEUAIINEINN3ATBITEUUNNTIATaAS BlTo T A s lun st auen
HanA N levIaly
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4.3.1 MIAATILATTUUNISIA
POARUUNMIVAaBLTIHANaISsalLuuLiY (full factorial design) 9 niadelusyuy
meTaveuniasloysznanann (HyinnsvnasuazuaInIguen) warlutuneuiiozindues
AwEgFuY 10 %uﬁﬁﬁumnshaﬁuﬁ'qgﬂ 33 uaznnuaszavveladelunisnaassa
15797 4.7 Idnsmaaasiavan 40 nMsvaass livhennsvaassianised 4.8

u:! s a 4 =, s
A137199 4.7 szauvestavynlylunisiasiew

Uiy LU
EYINN15AABA (operator) AUt 1, aud 2
WaN18UBN (outside Light) i, g
A9998uY (part) 1,2,3,4,56,78,9, 10

A1519% 4.8 EULLUUﬂ"I‘iVlﬂﬁa\‘lLLaZNﬁﬂﬁiﬂﬂﬂ@dﬂ?iﬁLﬂiﬁ%ﬁﬁ%UU N5

SUMTdY  @1iUnAaes Todt ' Wil
part operator outside light i a* 0%
30 1 8 1 2 86.1155  1.5589  77.0611
8 2 2 P 2 91.178 -0.3656  12.7657
24 3 6 2 2 87.7307 -3.3916 43.1814
22 38 6 1 2 879775 -2.6741 451633
40 39 10 2 80.1826  3.7446 45.2459
34 40 9 1 2 85.2196 37304  52.4798

INAITNNITIATIEVALLUTUTIU (ANOVA) 289A7 L* 9m15797 4.9 a=isiuldan

o = as v o el o v dn:u v ci d' L di n‘;
aviswandnangvimvaaasluiinavinlied@ninladsundaclufissiunnudedu 95%

1= - = o v ddu v cf a; s ‘d -:! d'

WEdnSnasnnuasnNIsueninayntvadnMalailasunlaslunseauanudesiu 95% 9919

| 2N} 5 - - o v 1 : A
wlannuninglaIlaIn1euen AN IwAINan e L* vasnimanefusiuiuasuudas

clj = s o s =i at d o = a  =f 1

uslugunaunIageummiivedniladeniunfiatsanlussuunastadedsdanaliuas
meusngilowinaglifinallawisuiuladuaugninadon L* 1nnan dsdulunsmaaes
o v as o - Y - oL a ¢
msimuakasnteuaniiduiladoasimefeanaudunysiaziinludiunanisiasiev

as

AMULUTUTIUTRIAN a* way b* lenadnlifinswavdnuazdndwasulaliuasseaiituddn

o

ADAT a* NSTAUANUTDIY 95%
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ANOVA: L versus Part, Operator, Outside light

Factor Type Levels
part random 10
operator random 2
outside light random 2
Analysis of Variance for L*

Source DF SS

part 9 407.864
operator 1 0.014
outside light 1 1.851
part*operator 9 0.336
part*outside light 9 0.365
operator*outside light 1 0.003
Error 9 0.136
Total 34 410.569

x Not an exact F-test.
S=0.123119 R-Sq=99.97% R-Sqlad)) = 99.86%
Variance Error Expected Mean Square for Each

Source component term
1 part 11.21884 e

2 operator -0.0006 \

3 outside light 0.0911 *

4 part®operator 0.0111 1

5 part*outside light 0.0127 7

6 operator*outside light -0.0012 7

7 Error 0.0152

Values

1,2 3, 4,5 86 7, 8 9,10
i 2

1,2

MS F P
45.318 722.26 0.000 x
0.014 0.56 0.503 x
1.851 65.35 0.002 x
0.037 2.46 0.098
0.041 2.68 0.079
0.003 0.19 0.671
0.015

Term (using unrestricted model)
(M+2(5)+2@)+4a(1)
(7)+10(8) + 2 (4) + 20 (2)

(7) + 10 (6) + 2 (5) + 20 (3)

(7)+ 2(a)

(7)+2(5)

(7) + 10 (6)

(7)
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Residual Plots for L* Residual Plots for a*
Normal Probabifity Plot Versus Fits Normal Probabiiity Plot Versus Fits
[ELT - 0.2: = ”
- w att Te ¥ " j 01 LA
- e .
H i = i § oA,
< 2 = e e & : ..
0,081 L) N 0.1 .-
L . w e R
0101 % @ - N 0z s
-1 00 01 ) “ ] 2 0.3 0.15 0.00 015 030 -50 -25 0.0 25 50
Residual Fitted Vatve Residual Fitted Value
Histogram Versus Order Histogram Versus Order

0.2

i “" A 1 ﬂAf\ M ;

3 * ¥ e -0:1 iy li 3
::,\Af \[Wv } n Bl e M w ¥
Observation Ordd Rastdual 2 tew nulirv::e«urq

N a2 o =

Fraquancy
Residual

Fragquancy
s e B B
-

Residual Plots for b*
Normal Probability Plot Versus Fits

UM 4.4 residual plot ¥3A1 L*a*b* ludumeunisitaigsissuumsia n) a1 L* @) a1 a*
A) A1 b*

fatismssmnanmuUsUsIuaisludiuseen L* 9nnaumsi 2.1 Tt
diaRa13an normal probability plot wudAAnAseaiann Lx (sﬂﬁ 4.4n) wag a* b* i
nsesindudunse amsnseaedmiuualdilndifesuudn® @ versus fits way versus
order wuTEanfiaLUsUTuATsTuSsliRaUnR

2 ) 2
Ototal = Opart T Ogauge

Oear = 1131440 + 0.091+0.011 4+ 0.013 4+ 0+ 0.015 = 11.444
Ogauge =0 + 0.091+0 =0.091
Ofare = 11314

i o v =1 = qv.l vV A
UAZINEUNITA 2.1 Vl"llﬂﬁ’lifliﬂlﬂi&f‘l_lL‘VIEJ‘UFl’]'\1JtL‘lJ3U5’Juﬂdﬁﬂﬂ1ﬂﬂ\‘iﬁlﬁ’]dﬂ 4.10

= = - _ P '
7195797 4.10 AT NUTHIUNEUNANTTILASIEANULUTUSIUYDIA L* a* b*

ANMuLUIUTIU L¥ a* b*
02 a1 11.444 7.822 468.284
I 0.130 0.077 2.068
Ogart 11.314 7.745 466.216

% OZsuge/Tnart 0.805% 0.179% 0.003%
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IINMIAUINENINTAUSBUTEUNANISIATIERAULUSUSIURIRNS19T 4,10 wanald
WiuAuwsUTINYassruunsiaiadesunnilowSsuiiisufuanuwysusiuiiesaan
Fus FuilaBsuidisuiuiuushdmiunneinsseniulneilud AAG (Automative
Industry Action Group. 2002) Ifszyl311 drdndrummudsusasni 10% taewluud
foansawausule

4.4 waminsIvdauRuanvuzlagn1sUsTINANANIW

wdaIminsiasIEsEuunsia WieadeanudesiuluadesdioTnindiialéann
Lﬂsammmnmmawmm‘lumnmmanwamﬂausnu,avmmmmlﬂ‘l*ﬁumsmumniumums
1o 11muuwmmsminaammawmvmaauﬂmmlﬂ suawamnm‘sﬂsumawamwwﬂﬂﬂ
ﬂmanwmzmaqunLﬂmlﬂwq 80 mamqﬁ’[ﬁj‘lumimaau Viavum 11 Aoudnuee

d el a 1 Q’I
A1719% 4.11 Nﬁﬂ’ﬁ?‘!i?ﬁ]ﬂ@’l_lﬂ'mﬁﬂ“tﬁfﬁUS“UEN‘LJﬂLﬂGI\Lﬂ 80 ?IUIWEJHW?U?SN')ﬂNaﬂ’]W

! Adodining dulayunen dswigu Aui oegngu
L TR 1a* 1b* 21 2a* 2b* 3L* 3a* 3b* (area)  (%pore)

1 250.00 12229 15189 197.24 12178 17442 9794 13044 17006 10048.0 12.67
2 251.27 12221 15236 189.07 12373 17526 128.05 131.04 179.57 94950 11.92
3 252.69 12206 151.80 18863 12404 179.45 9698 13235 17266 10743.0 13.02
i 25042 12211 15263 19912 12364 17655 7113 12982 162.67 10126.0 11.40

76 25240 12199 15242 17387 12378 17478 11509 131.18 179.27 126410 1093
7725272 121.99 15199 180.03 12475 18119 14246 131.23 18292 101920 9.96
78 25281 12197 15218 17211 12452 17554 12496 13435 18154 113400 6.23
79 25266 121.89 152.88 18205 12387 17307 10484 13505 17576 121700 11.87
80 25035 12213 15359 18436 12576 178.62 11838 13291 17847 114080 10.07

mnmmw 4.11 i}.,mulm’mnm'iUsumaNamwmmmmsfmaammanwm“mama
uﬂmmlfﬂﬂmmﬂ 1 ﬂﬂ.!ﬁﬂ'b‘mu Lo A ww‘mmmﬂ Uimmiww ANd L* a* way b* ‘UENLUE]
UNLAR Lzﬂaﬂquwamaugwqu

4.5 wWanNMARINITIATIEHBAUsTNaUATY
wiannInTIdeuandnuuzlagnisUssinananw aiuldilfuusiuansds
anwauzaunmYalninalivalesiuls ﬁqﬁumaﬁmqﬁLﬂﬁzﬁaqﬁﬂssnauﬁwﬁ’mﬁagﬂ
dnlglunmsasduiudinys lnenssdwdsvans q Mlveglusulvsiessdlsznay
ey ?xﬁlaaaﬁﬂizﬂau*ﬁla’fﬁazﬂuﬁmﬂs’twﬂﬁamwnwwf-'ah‘ﬁaga‘lﬁuaxa’]mmﬁﬂmﬁﬂsznau
mnanluidudmudsdmivnisiassineainnelurinisiiaseissuunsia ead
rudesiiluiasdio TainAiialsnniniedletriinuansalumsutauens@adusiua
annsathififlunseugunszunumsmniufvhnsvaaesiinsizosdusenauandiile
MnnmMsvsanananiitefiansandulsiidanuduiusiulilunduniessiusvneuidaai
Fanrsinseiluiunausionnil 4asen L* Ae 0 fla 100 a* Ae 127 e 128 uas b* Ao -127
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flv 128 szgnudadlnelusunsu MATLAB Tifirnaglugag 0-255 ¥ 3 e tielfavmandants
WATIEVHALAZNITAII
4.5.1 wam s uAIngANudIRUS sEiguasdaudsnne
ainnuaIndauduiusTEninsguasiauUsyna (correlation matrix) i
Anuduiuslugluuuidunsilagifues Pearson correlation vosnudnuaziininaliva 11
fo uansiamsad 4.12

- v = a L 1 ! a 5 .
AT 4.12 HANITATNUAINTATNAUNUITENINAYBIMUUT (correlation matrix)

fs L 1a* 1b* 2L 2a* 2b* 3 3a* 3k* area  Y%pore
1L 1
la* -0.813 1
1b* -0.507  0.040 1

2L -0.85 0.166  -0.207 1
2a* 0.159  -0.217  0.107  -0.637 1
2b* 0.080 -0.106 0.074 -0.180  0.694 1
3L* 0243  -0242 -0.13¢ -0.125 0.058 -0.017 1
3a* 0.114  -0.023 -0.105 0.233 0.013 0.094  -0.136 1
3b* 0277  -0246 -0.159 -0.040  0Q.107 0.075 0.868 0.012 1
Area 0.046  -0.061 0.199.  -0.1900~_0.196 0.001 Q27 L0037 e -0M160 1
%pore  0.183  -0.057 -0.226 -0.031 0.286 0.183 -0096 0055 -0.114 -0.036 1

Wensumdulseansandunuslunnsed 4.12 aswuiduds 1L* way 1a*
1L* uay 2L* 2L* uaw 2a* 2a* way 2b* 3L* way 3b* fdanuduwusiursudieuin lnedan
dUUTzANdandunUS -0.813 -0.850 -0.637 0.694 way 0.868 MINEIAU AILUIIAWATH

L3

= P Y ' i v o =l as
?Lﬂ'SWSWNa‘IULUQQWUim?W AuLdsaa 5ﬂ'ﬂﬂa'VJ“UWQﬁUﬂjiaEﬂ,UBQﬂﬂigﬂaUlﬂEnﬂu

4.5.2 n1sanaesAUsenay
anmeaAUsznau (extraction factor analysis: factor extraction %38 initial
factors) lagl435msimsigiosusznauddty (principal component analysis, PCA)
Bninsiviesidsynevddydunisdelunindanduiusiiiaududeulnine
pan1503u1e waviduisiinlvesdusenaviainiu viatdudasedu dainldartdndn
13 E: =t s a o v v & LY s 3
93AUsENBY (factor loading) Wurdnyszansandunusvasiiulsiuasnlsznau

= v ¢ ) ¢ Ve a ¢ ¢ o
M13194N 4.13 Nﬁﬁ‘ﬂﬁﬁ]’]ﬂﬂ’l‘iaﬂﬂmﬂ‘di:ﬁﬂ@UIﬂEﬂ‘U’JSﬂﬁﬁ’ltﬂi’]xﬂadﬂﬂssrlaua’lﬂfy
PC1 pC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11
Eigenvalue 26483 21194 16305 12405 1.0842 0.8089 0.636 05501 0.1351 0.1011 0.0459
Proportion 0.2410  0.1930 0.1480 0.1130 00990 0.0740 0.058 0.0500 0.0120 0.0090  0.0040
Cumulative  0.2410  0.4330 0.5820 0.6940 0.7930 0.8670 0924 0.9740 09870 09960  1.0000

= L3

o e " ' " &
0NN 4.13 gnuNUBIRUTENRUNLAN e(genvalue uinna 1 BEJJYNWJJW 5

asAUszneu lngasivsenauiidrdyiigafio aedusznauil 1 (PC1) ilpsainanansnedune

=

AuLUTUTITesteyalmnniigadanunsaeiuislang 24.10% diussuszneui 2 3 4
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waz 5 (PC2 PC3 PC4 wag PC5) Aed1Any599a31 WAlioR150u1A eigenvalue 98wuUIn
03AUsENaUi 5 fiA eigenvalue Wlnd 1 wavanunsossuredeyaldiies 9.90% Jsaedn

- d' ar Q’: 5 L « = o 3 A 2
nsiasanluadduszneun 5 dduludunsunisadinesdusenaviadiesdusznouild
W15 4 mﬁﬂiznaUT,maﬁwmmm‘ma‘ﬁm&Jmmuﬂ‘sﬂnuﬂmaﬁagzﬁlﬁ 69.40%

o v & W ¢ ¢ '
A1 4.14 plaawsannisanmadrdsenay 4 adﬂﬂ‘isnaunauM‘smgmmu

fuus thutinedusznau (factor loading) AU
(variable) PC1 PC2 PC3 PCa (communality: h?)
1L* 0.758 -0.252 -0.457 -0.292 0.932

1a* -0.716 0.085 0.209 0.469 0.783

1b* -0.282 0.48 0.507 -0.284 0.648

21 -0.41 -0.578 -0.351 0.145 0.646

2a* 0.582 0.732 0.052 0.196 0.916

2b* 0.408 0.564 -0.058 0.421 0.665

3L* 0.603 -0.453 0.537 0.101 0.867

3a* 0.014 -0.026 -0.48 -0.049 0.234

b 0.629 -0.457 0.456 0.162 0.838

Area 0.015 0.407 -0.077 -0.624 0.561

%pore 0.223 0.224 -0.51 0.435 0.549

Variance 2.6483 2.1194 1.6305 1.2405 7.6387

% ANuLUIUTINSI  0.241 0.193 0.148 0.113 0.694

A13197 4.14 uansAniminesdusynau Mldennisataesduseney Wedainm
wislamsegluasdusyneuln SrvfinnsanAniminesdvsyney 5’1?1"ufmﬁﬂméﬂsvﬂau
‘uaamLLUs'luaquiuﬂaulmumww (g +1 w3 -1) LLa“maaaamJimauau 9 fifsin (g
ﬂua) ’{laﬁmﬁiLL‘U'S‘LVEE]Eﬂ.‘LJ’eNﬂ‘lJ‘i"ﬂEJU‘V]S.Iﬂ’m’]'MuﬂENﬂUiuﬂi’J‘UE’N Failofinnsaunvzwudne
thwinesiuszney Tussrusznausingg Truanaeiulidamu m'lﬁ“lummimmm{mﬂm

4.5.3 \@an5n1vuunY (factors rotation)
iesananiminesdusyneu lussiusznousneg fauandraiulidaou &
wanslumsad 4.14 vilwldannsadadaudsle JefarhmsuyuunuasdUsznauiausnd
LLUi’iwmumwmﬁmuﬁaauq wazAszdneglungunialuasAausznaula laedannisvyy
wuussaIniu (orthogonal) niatliudaseiu wuu varimax Jaldnadnasamsnedi 4.15

A13199 4.15 Hadnsanmisadnesivsenau 4 Jadendsnismyuunuuuy varimax

. vhminasdusenou ,
fruds : AT
PC1 PC2 PC3 PCa

1L 0.083 0.139 -0.916 0.258 0.932
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1a* -0.105 -0.169 0.858 0.086 0.783
ib* 0.081 -0.088 0.317 -0.73 0.648
2L -0.57 -0.153 0.125 0.531 0.646
2a* 0.926 0.044 -0.152 -0.185 0.916
2b* 0.81 0.005 0.023 0.091 0.665
3L* 0.001 0.913 -0.183 0.008 0.867
3a* -0.023 -0.318 -0.25 0.264 0.234
3b* 0.039 0.887 -0.201 0.1 0.838
Area 0.045 -0.37 -0.344 -0.551 0.561
Y%pore 0.479 -0.238 -0.089 0.506 0.549
Variance 2.0955 1.996 19777 1.5696 7.6387
% ANuwdsdsausie 0.19 0.181 0.18 0.143 0.694

A1519% 4.16 agutladsvesurazasausenauiiiassls

PC1 PC2 PC3 PCa
217 g ALY 1b*

2a* 3a* 1a* aL*
2b* 3b* - Area

- > - % pore

flunnsned 4.15 Wudnimthesddseneu Lﬁaﬁmswquunu{]ﬂ%’&ﬂﬂa‘i‘%‘ varimax
wnuirtiminesiusznaudsuuadidledisuiuaiminesduszney dedlsifinng
wyuunuwdinlidiminesdusznavassusasduseneuiidnnnidaifivuivues
paAUsENOUALY AeiuanranIsTns1eilunsed ¢.12 4.15 uay 4.16 mssaly

peAUTEnauft 1 (PC1) Usvnaudeduds 3 MuUsio 2L* 2a* uay 2b*

asfUsENBUT 2 (PC2) Usvnaudheduls 3 fudsie 3L* 3a* uay 3b*

aeAUsENaU 3 (PC3) Usznausemuds 2 fudsde 1L* uay 1a*

p3AUsENBUT 4 (PCA) Usznausesus 4 daudsie 1b* 2L* area uay % pore

wazanuadns lunisnadt 4.15 aqﬂlﬁiwaaﬁﬂszﬂauﬁa 4 aunsaaduieaiu
WUsUTIUTIMesRuUsA 69.40% edUszneuil 1 esuield 19% eedUsznauit 2 14
18.1% oeAUsznauit 3 18 18% wazesrusznaud 4 14 14.3%

4.5.4 \FonAntimiinesdustnau (factors score) wathsdansdusznauiidiasizile
1NAUT 11 Mansedaliuasiiies 4 asrusenau whnuldunisandiudsann
11 61 wide 4 fuds Fefiefufudsing dausmmiinesdusenay (fFactors score) wgnly
WumAwesesdusenau

15199 4.17 factor score coefficients

factor score coefficients

s
PC1 PC2 PC3 PC4

1L* -0.037 -0.037 -0.468 0.089
la* 0.051 0.01 0.462 0.132
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1b* 0.01 0 0.108 -0.447
oL -0.227 -0.075 0.039 0315
2a* 0.437 0.011 0.006 -0.053
2b* 0.423 0.008 0.115 0.137
3L* -0.016 0.46 0.005 -0.024
3a* -0.017 -0.201 -0.156 0.154
3b* 0.01 0.443 0.005 0.04
Area -0.068 -0.229 -0.286 -0.392
%pore 0.279 -0.14 0.025 0.375

- o w i L3 da 8 =~ 2/ as a’l’
LﬂJi’JU’W]')LLU'i‘?J?NLLmﬁ&‘@@ﬂUSL’ﬂE}UVI?Lﬂ?ﬁ&z’ﬂﬂﬂﬁﬂﬁ]ﬂﬂiﬂéﬂﬂmﬂﬁi %’meu

PC1=(-0.227)2L* + (0.437)2a* + (0.423)2b* (4.1)
PC2=(0.460)3L* + (-0.201)3a* + (0.443)3b* (4.2)
PC3= (-0.468)1L* + (0.462)1a* (4.3)

PC4= (-0.447)1b* + (0.315)2L* + (-0.392)area + (0.375)(%pore) (4.49)

f9snnesdUsznaudl 1 (PCL) Fsusznoushoduds 3 fuUsie 20 2a* uay 2b*
WU 3 fauds WuswlsiiAmdesturanuadng (2L ﬂ"]ﬁ*umLLﬂmumamﬁgﬂudqwaq
Ader-une (2a%) uardihdundos (269 @9 vilavSedunauvodsyunenudasaiindy
uenaNaEisar @ arudunila AuansalunisimeindelnfiuandnefuudadlrEngs
nanenlutusuiuandeiu fuanddunised 2.1 wisssanalunisnenidmalidves
uwlaguneniauunnsnaiuldiguiu Saanunsadunesiusznoudt 1 1691 “esdusznauves
Aunwdveswleyunan”
8adUsENaUTl 2 (PC2) Usznaudamuds 3 fudsie 3L* 3a* uag 3b* Fafauus
¥ia 3 fauls Rendesfiudmmmainwagngy (L9 Afen-un (@) uardihdu-wdes (b9 39
éx’mﬂiﬂzwm%ﬁmu mamfmanlﬁﬁammﬁﬂ?'fu‘uaﬁ Jaansaisenesddsenavi 2 1an
“DIAUITINBUVBIAUNINAIUAIINEN VD ITNTU” mamLUammmﬂlem'J"awﬂ';'lunﬂwaﬁ
mum’muswmwmumwlemawaaun'mwwwummaﬂ Luaamnumaaﬂﬂlummuwaﬂ
annsoaulu m'mewma'ﬂlmuawuumw mmimﬂmmanwmgwqumlmmnuummﬂu
awmuannsaliuigndeldsuaueuiunnndu ullasinnsnessaunnty duuds
Rngwgusnniuuasdninniy viseilnveautsyuneniiseiufidamalinandmidaumgui
AN
83AUsENaUT 3 (PC3) Usznaudiesiuys 2 fuuUsie 1L* uag 1a* Tngsaudsia
asndusmulsiiisatostumauainuasdifo-unmweuiionning audisu Taduietu
uﬂwuwamﬁ"uﬁaﬁwmﬂdauwamaqlﬁaﬁnmmLmnsi'mﬁuﬁ%dmalﬁﬂmé’nwm%mqimﬁaﬁ
wAneefudig Faaunsaienesrdsznaui 3 1éin “aaﬂﬂivnawaqﬂmmwﬁwauuaun
na” warludiumeailety definsanansdnsinsisemeniasiulid Luaunmmwanum
vl muwaq"luan%uau,mﬂm anwuzAouYsla JelissrusznauamemuaInasa
We-Ua ﬂquumLmnmNﬁ]'mmmjssﬂawmqmmwawamﬂwwaﬂmanvmzsmuamaaq
JaiifUsvesdmdnaiussdusenause
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8aAUsENaUT 4 (PCA) Usznaudieiuls ¢ fauUsie 1b* 2L* area wag % pore
= ¢ ) | i 2 ° 9 w ' a o w
Yeosausznaviliifudsdesiideutavainvane yinllviennsdanisAsrsuimauduiusuas
nsfivuadessAUsznau uwillsRvsadmulstoslussduszneunuiniismuusivivenis
Ly <4 ] as @ al - v as =t o
dnwnuzUsIng Ae area waz % pore daufuus 2L* Aflmnungadesiuntagunan Fois
area Uaz %pore MfgtosiuLlsgunenufeiu Sauudgiuindudsa 3 fauus
AUAgITaINY dduls 1b*  aldannsomiaruduiussiuiuiuysouls uwdile
#orsanaunsi 4.4 awnwuindmuds 1b* damhminesiuszneuvieridulsyansesiignlu

i
as

vavun 4 fuds Jadududsidanuddylunseiuisanununsvesesdusenavites
Vgn Yaonavhliiaasdnuagniaiianudunussiuiumulsdunluesdusenauldes My

= o L3 = | - « 3 v s "
JsiansanasAusznaut 4 ldiudu “esAusznauvaspainwdudnwazUsing

i 7
PC1 Bl
. 93AUsENEUYDY . BaRUsENaUYeY
AUAMEYDY ALATNATY
* 0| * ) ;
uihgunan 1b* 2L snuailinng

darea

%pore

PC3

PE2sai :
- asdUsEnavTe - piflsznovues
AUAMIINAS Aunndvesi
uning

U 4.5 nansliseiesAysEney



uni 5
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5.1 d@sumanisivy
muﬁﬁ’aﬁ'ﬁi’mqﬂizaa&ﬁaLauﬁ%‘m‘sﬂimﬁuNaqmmwmaaﬂ’nLﬂmln’lmalﬁmsﬂssmawa
amsnuNTIRMgiesdUssneuddnuasiauedsnsmuauauawaiAvestinnala

it m%aﬁa’tumﬂsxmamamwﬁ‘l‘ﬂumﬁﬁﬂmlﬁﬁmuw1m’m3ﬁ‘1’waa Asqal
(2554) FalfiaTosdlofiidvundnas thuiniunasazandenisiadoutne ’zamﬁl‘ﬁluu{lmm
raaaauuLLavaJuLwaammiUuLUaunummswmmmaau aﬂmuaﬂn'smﬁlﬁum‘wmunaaa
mﬂmwmumuauuwmLwaammsmnwaumamaau*nmaamamaﬂmmwwaqmwmwﬂ“
U AsIEn

2. AnwismsUseiiunadvasininalalasldisnisuszananin wasiiieanainuduuys
s fndusienudnyussasnmdisisesntsisinsantadetmuniitAsdostussuy
mnﬁu’uaaﬂuwn'ﬁmammumwéqu&%auwrmaf‘%amﬁaﬁﬁmmmmﬁﬁuﬁﬁﬁmaqﬂﬁa R
MnnvaaemuTateiifinadodlussuy L¥a*b* Ao FRUMAI19T LY Fuvitan1sne
Funu Snuvaealiuaszesinwesdunuiundas ddlumsinatedioUsanananimly
ld3smadmunlitadufinarifiudasiiiioannudundsuazannnuianainfiasiaduly
nsUTEINaNanIw

3. easnaudeilunisauaiedletndainsdnwauanansolunis iae
wazmsinmileuvsandedlota Imm‘sﬁnﬂa%’acﬁﬁwmsmaaquaxuaqmauan%ﬂuﬁ%i’aﬁ
Lifinaserd@nwdgluinimaasniiodnssissuunsialagn1sesnuuunisnaas i
wnValBEaluufy MANANTNAABINUIISEUUNMSIRTind@ndiuniuuUsusiuvesd L* a*
Waz b* Wiy 0.805%  0.179% wag 0.003% audey dauandsiifiuinanuulsusiuees
ssuunsiafiantesmnnidiaeuiisuiuanuulsusiuiesaniuau  vilsidesuly
indasflofadadriifaldanniedesiieaiiauannsalunsulsuenndafosuasanunse
lvlglunismuaunsyuiunsideadinsaly

4. MnnsUsynananmansan vasUAManyuefagadnna lildiomn 11
Ansdnuy oun A L* a* b* waeﬁaﬁ'ﬂmm (1L* 12* 1b%) L* a* b* yeaudaguvan (2L* 2a*
2b%) L* a* b* vaagwiu (3L* 3a* 3b¥) fuivigin (area) LLa“‘U‘iu’Im‘i‘Wiu (%pore)

5. m'nLﬂ's'].maaﬂﬂivnaumﬂmaaﬂmaﬂwmw’uaqumﬂmlnmwm 11 ﬂmanwmu'ﬂlm
INNTUTEIIANANTW MARANITIATITRBRUsEnavd Ay lagn1TRINTUIINWLASNY
AuduUS Msatnasrlsznaulasliisnsiinsgiesdusznoudfyuaznismuunu
Uadlaes varimax vinlilmdusuusing 4 fuds %wzgnL‘%‘ﬂﬂdﬂﬁﬁ&lﬁaaqéﬂisnau
wazaNsnasuteANuMLUTUTIUTINTe s uUsTH 69.40% Taedt sedusznaud 1 (PC1)
Usenaudig  20% 2a* uay 2b* 1t “esdusznavvasqunwdveudyunan”
ouAiusENaU 2 (PC2) Ussnaudie 3L* 3a* uay 3b* saudenh “84AUTZNAUTBIAUN N
duadudnvesgniu” oafUszneufl 3 (PC3) Ussneude 1L* uar la* saudend
“sefusznevvasnunvaaiioining” asduszneuil 4 (PCA) Usvnaudne 1b* 2L* area
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way % pore M8NIN “asAUsENBVYRIANAIUSnBUEUSINg” waziiiotanimin
89AUsENDV (factors score) °uaaLm'asé‘hLLﬂsu'}L'?J&Ju'lugﬂ"uaaaumiﬂswalﬁﬁaﬁ

PC1= (-0.227)2L* + (0.437)2a* + (0.423)2b*

PC2= (0.460)3L* + (-0.201)3a* + (0.443)3b*

PC3= (-0.468)1L* + (0.462)1a*

PC4= (-0.447)1b* + (0.315)2L* + (-0.392)area + (0.375)(%pore)

Favilanunsomddoyavesesdvsznounsetadeluiiiairatuld uazarusamhdeds
ananluilumudsdmsumsimssvisely

5.2 darausiuy
1. Wasnnmegrainnalnitumegsudutinnalafiueanyieamatayililiwuee

= a 5 = v o a idad v Ly 1 s =l =l
LﬁUﬂﬁUUIuﬂﬂiﬂﬂﬂBQQQIQHWUﬂLﬂﬂlﬂVIﬂU‘W@LLa3ﬁaﬂ‘lﬁﬂi’JLLﬁlﬂﬁl’NﬂHLLWu’U@QﬂLLaﬁ"UBGLﬁU

v ]
= o

witlioluuwimalunisnsrvasu Famniliegwvesiivazvaidefildannszuiunisuan

= o

v ar 1o v = =t = € ar a
PFuihlinnutymessnuaimidninalinuiade Geenvelnldnisinseinasnadwsi

(44

annsoiluldesaldnndedu

2. Iu%umaunﬁswﬂaauLmu.ﬂuﬁmu@mswudmmugﬁﬂwammm PC2 w38
psAUTENEUTBInIINANvaIgNgY Tilaunsansaduanuisinfvesiiegald Sae1aiinan
AsRATMINEYeIesAUsEnay PC2 Aanatnuiearaluammnainlulssnanan sl
a'\msaﬁdm'mLmnﬁhwmmmﬁﬂﬂnﬁﬂaa@mmwﬁwuﬂﬁﬁmﬁms fafumasildnuides
nsfnumsnelunsiinTgiesAvsznsutasnisusuusalusunsalunisussanananwlii
Ussavsnmnndstudaluluounan

3. luduneunisifusethaitevinimaaes AITANAIDEVAE Y YARIUIAT 9EYIA
ANIANTIUNISWAINLABIA AR YBINANTIDE 19T s Tad 9B edaUszannsle wasyihlar
aunsadenliuugiinuauliassiudnuvuzvesdoyadwaldnisiunugiinauaunldond
UseANEamannd ety

. Lﬂﬁauﬁhaﬂaauﬁmﬁm%ﬁﬂmﬂﬂumﬁmﬁzﬁﬁéfae'[%’msmuauF}mnm‘ﬁ'ﬁmm
i’u%’aumn%yw‘%amsamaaué’ﬂwmzﬂmmwgu‘] WU YR JUIN ioduia

5. MInsIvdsuaunInlaen1sUstnanannansaldsutumaiadis Uy
§aadus 1 fuzzy logic Wudu Wemtslumsiasisiamuazanunsatislunisutssydu

AunnlALIN 2 seau
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UTTUYNTY

s o

NIENTNEAAMATIN. 2547, wmsgrundndusiyuvuldnsenny uny.330/2547.
AINNUNATFIUNTENTIRAEMAT T,

ffaen ilwdiiywn. 2546, msAssiadAtugaiag SPSS for Windows. fuiadd 3.
NFUNNY : 535UANT,

nBY Un.  gnuAsugie. 2554, 10-12 waedneu.  “dunialveglanieganunedas.”
FUATEFAR. Wi 2.

AffNA waoswidnady. 2553 N1IATIEHSTUUNTTA MSA Ussuaanadae Minitab
15. njUNHY : aunavdasumalulad.

Yuwil gRuzwadaTsn suns lsung way gvsned aluzwadassd. 2552, mswautuvan

[
9 o

gunaadmivtininaliuhidanuds. nyanwg : dninnuanznssunTITeurand.
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. , @, vavlady NAN1TVIAADY
d1aunTau F1AUNAADY
: Bf @D\ E b o a* o

21 1 =1y MY ARSI I\ 731 80.8328 -4.9729 19.8416
2 2 -1 /AT N TATY AL d 75.9295 0.8427 46.3750
15 3 -1 1 1 Gles==atey 1 90.6790 -1.7152 43,9415
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13 5 -1 -1 1 1 -1 -1 94.3468 -6.4764 255972
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26 12 1 -1 -1 1 1 1 90.4788 -3.2362 334832
14 i3 1 -1 1 1 -1 1 91.0707 -4.6476 31.6459
17 14 -1 -1 -1 -1 1 1 81.0743 -3.3509 15.3303
2 15 1 -1 -1 -1 -1 1 795797 -3.2380 15.6040
28 16 1 1 -1 1 1 -1 94,3738 -2.8044 41.5596
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' part operator  Outside light g a* B*
30 1 8 1 2 86.1155 1.5589 77.0611
8 2 2 2 2 91.1780  -0.3656 12.7657
24 3 6 2 2 87.7307  -3.3916 43.1814
33 4 9 1 1 85.5812 3.0285 49.6772
19 5 5 2 1 91,0706  -4.2888 32,3485
20 6 5 2 2 90.9807  -0.4191 32.8775
37 7 10 1 1 80.2326 3.3907 44.2221
23 8 6 2 1 88.4700  -2.5809 45.4522
26 9 7 1 2 89.2048  -3.5757 47.5851
2 10 1 1 2 90.0598 1.0946 11.7804
38 11 10 1 2 79.5985 33722 422139
25 12 7 1 1 89.6180  -3.8686 45.4518
21 13 6 1 1 88.4372  -2.8469 44,9731
9 14 3 1 1 87.6818 0.3648 12.5269
27 15 7 2 1 89.8043  -3.2569 47.5022
12 16 3 2 2 86.6494 0.3874 12,6987
7 17 2 ) 1 91.8846  -0.3879 12.8393
11 18 3 % 1 87.5273 05113 12.5400
39 19 10 2 1 80.4661 3.6008 44.4562
16 20 a 2 2 87.9229  -0.8568 17.1935
31 21 8 2 1 86.2415 1.7501 76.2953
6 22 2 1 2 91.0959 0.0279 12.6047
14 23 q 1 2 87,9270  -0.6745 17.3230
17 24 5 1 1 913089  -4.2686 33.4801
10 25 3 1 2 87.0168 0.5428 12.6080
13 26 q 1 1 88.2612  -0.5256 16.3962
3 27 1 2 1 90.5407 1.3823 11.5873
36 28 9 2 2 85.1275 35756 51.5791
29 29 8 1 1 86.0371 20974 75.6410
18 30 5 1 2 91.0259  -4.1949 33.4113
32 31 8 2 2 85.9238 1.5241 76.7343
a 32 1 g 2 90.2951 1.3974 11.6006
5 33 2 1 1 91.6695  -0.2044 12,7255
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1 34 1 1 1 90.5448 1.3332 11.5199
15 35 q 2 1 88.2321 -0.5025 16.3282
28 36 7 2 2 89.4553 -3.4554 48.3290
35 37 9 2 1 85.6815 4.0193 53.8106
22 38 6 1 2 87.9775 -2.6741 45,1633
40 39 10 2 2 80.1826 3.7446 452459
34 40 9 il 2 85.2196 3.7304 52.4798

ﬂ"lﬁ"l\i“;"l n.3 Nﬁﬂ’]'ﬁLﬂiﬁﬁﬁﬂ?'!ﬂll,‘l.]‘iﬂi’lﬁ‘ﬂﬂﬁﬂ"l a®

ANOVA: L versus Part, Operator, Outside light

Factor Type Levels Values

Part random 10 i, 2, 3% 4.5 6N 8 9 10

Operator random 2 =2

Outside light random iI,.2

Analysis of Variance for a*

Source DF SS MS F P

part 9 279.1865 31.0207 723.48 0.003 x

operator 1 0.0115 0.0115 0.06 0.850 x

outside light 1 0.0489 0.0489 0.28 0.710 x

part*operator ] 0.6049 0.0672 18 0.428

part*outside light 9 0.3153 0.0350 0.59 0.778

operator*outside light 1 0.1979 0.1979 8.33 0.101

Error 9 0.5343 0.0594

Total 39 280.8993

x Not an exact F-test.

S=0.243646 R-Sq=99.81% R-Sq(adj) = 99.18%

Variance Error Expected Mean Square for Each

Source component term Term (using unrestricted model)

1 part 7.74446 & (M+20B)+2(@)+4(1)

2 operator -0.00971 * (7)+10(6) + 2 (4) + 20 (2)

3 outside light -0.00623 H (7)+ 10 (6) + 2 (5) + 20 (3)

4 part*operator 0.00392 | (MN+2(@

5 part*outside light -0.01217 7 (N +2(5

6 operator*outside light 0.01385 i (7) + 10 (6)

7 Error 0.05936 (7
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ANOVA: L versus Part, Operator, Outside light

Factor

Part
Operator
Outside light

Analysis of Variance for b*

Source

part

operator
outside light

part*operator

part*outside light

operator*outside light

Error

Total

x Not an exact F-test.
$=1.02753 R-5q=99.94% R-Sqlad)) = 99.76%
Variance Error Expected Mean Square for Each

Source

1
2
3
4
5
6
7

part

operator

outside light
part*operator
part*outside light
operator®outside light

Error

Type
random
random

random

component
467.216
0.010

-0.001
-0.112
-0.253

0.002

1.056

Levels

10

55

16822.71

1.06
0.54
7.49
4.94
1.08
9.50

16847.33

term

~N o~

Values

1,2, 3. 4,5, 6,7, 8 9,10
1.2

1,2

MS E P
1869.19 5741.97 0.109 x
1.06 1.24 0.565 x
0.54 0.95 0.716 x
0.83 0.79 0.636
0.55 0.52 0.828
1.08 1.02 0.338
1.06

Term (using unrestricted model)
(M+2(5)+2(@)+4(1)

(7) + 10 (6) + 2 (4) + 20 (2)

(7) + 10 (6) + 2 (5) + 20 (3)

(M) +2(a)

(M) +2(5)

(7) + 10 (6)

(7)




81

(Gw) z.rc.mxcﬁ_‘nnw?wrc_wawﬂm. 08 _CHGSC\@vmpnaﬁc\marpmmmnwswrcmz qu __v_,vrwr_m

198269~ 19°19- 8g'c6 €0'L6 Le01 00'zesct 9LTLl povel 86'16 01181 8L9Z1 L0pST 167251 q0zet [ANATA 1z
8l'gese- 86'19- 82601 bs'e6 L5711 06'5868 bl6LT £9'0€el be'ect 0,081 ST'9¢1 8v'/91 (A S6'121 AR AT 9z
9¢'288¢- 6219~ €001 1.'58 SL'6 062686 6L°6L1 reel €8 L1 6U°LLT 8¢vel 09261 L1'eST 26’12t €512 5¢
0Lzv8e- cL1S- cevll 2526 SO 06'L1el 8¢'e8T Svzet 61621 2081 09'vZ1 90691 E 4] 96'1¢1 YRAATA e
26'156¢- 66'19- 10°0T1 8L'L8 89'p1 00°€L001 09°LL1 £5'1¢l 095zt 01181 81'vZl 28'681 Seest £6'1el [A*NATA €C
¢Z'048¢- 96'19- 6Cv11 15706 Wil 06'1986 15°11 vL'921 687CeT 66'9L1 [AXAAS €L'681 be'zst 26’121 §L'ese 44
92'9¢elb- c9'19- 06706 12°66 [4A1 00°2¢0zZ1 £5°691 ce6cl 1L'v6 6£°08T 8v'LZ1 05wl 12°¢51 80'ZZ1 81ese 1
0L'59Lb- 26'19- 8066 626 ce'el 0o'setet 68°CLT egeel L9'86 it [4AEAS I5'ell 80°25T 66121 vlese 0z
171586 €6'19- 59'18 61°L6 9Z'b1 09'65.6 £1°591 €TEEl 69'9L vS's81 L0821 91991 1zzst 96121 TNAT4 61
6L°9599¢- €L'19- Sv'L6 29'68 cepl 09'81¢6 LDl cL'sel £1'¢0l 66'Z81 £1°9Z1 10°681 98'¢sT Z6'1zt PAATA 81
8e6lbp- £8'09- 1p'88 26’58 S9°01 0019211 LZ°691 LARA 1698 LTaLE seect 88'881 cLesl ) A cLeve L1
£6'6905- 00°¢9- §2°001 0928 Ev'é 00'co6Z1 be'ell £6'GeT 12011 LE'DLT L9zl £1°081 FANAYS L6'1el 88'25C 91
S0'v99¢- 1€°19- £8'1S L6'06 L6'T1 05'82¢€6 02'991 09'8el 08'8 Se'181 IATA 8081 £9'241 orect £5°15¢ Sl
68'Lv9- £6'19- 81°001 1S'v6 1621 00'8z811 16’181 £gsel §5'SZ1 18081 8L1Z1 0991 XA ve'1el 12°e5¢ !
Sr'SobY- el'19- Le'e8 19°¢6 §5°01 00°59¢T1 €6'LST ¢60¢eT Z9p9 85°081 920¢1 8L'TLT 8v°Z61 stect 02’182 el
zZe'LLoY- 8819 €011 1926 bTEl 0028201 Zyi8l bO'ZET 9,221 orzer =9k 15241 91251 00'zel 59752 4
0L'¢96e- 8L'19- 86'101 Ze'l6 1Sp1 0086001 €991 62°5e1 087011 09°¢81 97921 16281 61151 0¢el 25'25¢ 17
gevBee- E1'19= 6%2C6 ev'le 6L'6 080198 ogoLt 0s5°zet vLb6 £8'181 EYATAS ST°8L1 erest 86'1Z1 €0'1se 01
AT A% 26'09- 81°66 £9'16 1e7¢l 09°8v56 €961 96'TET [4A /o) 0.°8L1 1179zt eLn 6¢'est €czel £8°05¢ 6
6L°¢Lie- 8L'19- 8e'v8 S6'G8 A RAS 00’5196 0891 CHSET 1908 £e9Ll 6e'eel 9v°281 Leest 10°zzl sb'ese 8
LTbege- 9619 zL'88 Zv'98 8¢zl 0£'69L6 SUOLT €7'8el 1168 9z'LLl 9v'ezt 8781 €8°161 80221 581z L
96'618¢- Lo'19- 66'96 1€8 10'6 05°€€L6 oL 86'gel 0v'T0T 9Z'sL1 18221 65161 L1281 Lzt sz 9
88'50.¢- 25'19- Strel bl'es L1l 9°9bb6 81191 veg'sel S5°¢9 Le'ell S8'1¢T SZT'v61 £e'esl S0ZT1 £6'15¢ g
16°0L6¢- 8L°09- 69'8L 15°¢8 ov'TT 092101 19291 Z8'6z1 €rTL §5'9L1 b9'ezl ZU661 £9'Z51 11zzl Zr'0sz b
12°612h- 1819~ 05'v6 62°L8 2oel 0'epL0T 99'¢cL1 seeel 86'96 SP6LT pOpel £9'881 08’151 90°Zz1 69'Z5C €
9v'9TLE- el'19- [AAN 87'G8 (A4 0'S6b6 L15°6L1T p0'1ET §08Z1 9¢'SL1 eLezt L0681 9¢7est teeen LT 156 Z
61°0b6¢- 05°09- L1b6 L TAYA* 1921 0'8b001 90°0L1T pboel b6'L6 bl 8L'1¢1 L6l 68'151 6ccel 0005z 1
2d €dd 234 12d @owﬁ (eaie) «a¢ - <1 «9€ ez W11 +ag vz W11 —
neuatnEte nimios A nEmEp BEUANAANE wuunene T

Krc.mzmﬁ_.nnw?wrca@wﬁm 08 .CHEC,_c\m_.v@a.namwcwmwc@?@m?nwawrcmx Sy W@Phrs



82

NQUALNLLE MEMEY Wr nbuEy BEUNRLRNE suIUneMTE bLRAL

(CY) MLUBMBLIERENELURYME 08 _c._,gSCﬁ.v@?na?c\mafpmmenwgwrccz G'U UpLELY
bS1zZLY- 90°'19- 16l 6188 €C6 00'ceoct SZ'91 Ogeel s0¢L 61°6L1 ) £5'eet §5°081 60'pST LZecl €0'6be bs
06'L29- ZL'09- v0'c8 £8'88 0601 00'98211 ze991 leteel 9’9l V6L S8'ezl 15181 p8'esl 0zeen 8¢°05C €S
c0'0zLp- 6819~ 69°L6 25°68 65701 00'1T0Z1 pSCLT 89°8¢T b0l 11esl £9veT £1'891 88'C51 68'1Z1 85'C5¢ Zs
98'90Lb- §8°19- 197201 vZe6 JAA ) 00LL61T vLOLT geeel L2011 16081 8.°6¢1 25891 ap'est 18121 Ly'ese 19
b6°0505- p8'19- 9£'901 9vv6 £9'8 00'95821 9C'6L1 8rzel Syott 19°¢81 99921 b6'691 v6¢st 06121 EANATA 0%
05'506¢- ¢s19- £¢'501 26’ 4244t 05866 v0'8L1 1Leel 62°GTT LT°€81 £8'9¢1 ELTLT (474 v0eZ1 v6'15C 17
[ARAL 1 eL'19- 8L6L 86 0oet 00’851 26’91 05'1eT coel £8'z81 19'9¢1 0S'ell S6'CST 96'1¢1 0g'ese 8b
19°'808¢- 18°09- 9596 cLl8 16'0T1 06'6696 S9'CL1 0s'pel [ARAe) S ev'8Ll 99'¢Zl vt L2251 Leet 19°05¢ LY
L9'8bSY- 26'19- 12708 £6'88 586 00728511 0,891 Se'gel 86°¢L 95°081 Svvel 82'v81 1e°2s1 66'1¢1 CL'ESE 9
10°86.Lp- L1919 1'v8 L6 b0'6 oo'stezt e9L91 9Lvel L6'08 08'6L1 18’521 ST6LT Se'Zst s0zz1 §Z'Z52 S
19'0L6¢- 96'19- bg08 5806 69°¢Cl 00°80101 €€'691 119¢el1 00°9L beo8t [AN-TAS 1591 29est 26'1el TN AT v
IANAY S0'T9- bS68 60°¢6 el 00pI2IT 10°691 65°eel 8868 L8081 SR TA 66'951 98'¢s1 eleet 10°1s¢ e
91'8Zvb- bs'19- 0268 8e'v8 9811 00°g6Z11 TUTLT 11°8et 8968 Le78L1 A RTAS 0’661 [A XA 60¢cl €¢0ese [47%
beleed- SZ'19- cl'68 8L'¢8 666 00°z8sz1 6e°TL1 66'9¢1 5868 10°z81 blect 2e'80Z 867¢51 807¢Z1 8¢'15¢ b
£6'CleS- S1°09- eb'e6 L6 ps'6 00°0gs¢eT 5L 08'1¢eT SSv6 cz'18l PARTAS pSpLT §gest se'eel 0g'6ve op
9v'8L I~ 6119~ S£°001 p0'ce 8201 00°008T1 LZ'9L1 Zseel £L'901 Zu'8Ll [4°RTA4¢ S0p9T best 0oezt 8v'ese 6¢
6L'v8ey- 10°29- v§L01 €026 So'etl 0020601 10841 0L°0¢T 0p'611 10081 vl'sel 60241 26'151 86'1¢1 16252 8¢
£5°289p- 16'19- 1582 £8'88 10°¢t 00'8Z611 98'¢91 8L°1¢el1 0L 1£°8.1 gzvel p1°081 v0'Zal 66'1¢C1 [ANATA A%
Sb'e89e- 88°19- §56°¢6 Sv'68 16°¢l 08'18¢6 TCEL] bs'6ct 0056 0861 00921 19°¢81 ¢cest L6'TET £925¢ 9¢
§LGe8e- 90°19- 2e06 £9°L8 el 058916 plgLl 00'8el 98'06 €18l 1L€ZT S0'p8I1 S0'est 81'zZe1 80°15¢ se
[A2°TA" ) 6619~ L1'¢01 25’18 80'cl 0056221 8b'9L1 Le'lel 1111 9e'9.LT 00521 cLesl bo'est 96'1¢1 bg'zsz be
L8'68L¢- 86'19- ie eL'v6 80's1 0v'1v96 98°0L1 06t £9°¢0T1 0z'e8l 9¢9zt 91°L91 ps'zst 6121 08'¢se €e
1276511~ €9'19- ovell 98'98 188 00v6501 o081 056z1 £e'6el oL'LLl eeect 68'681 Leest 86'1Z1 1rese 4
29°0e6v- v9'19- (44708 St'e6 TSt 0095521 9v'LLT §9°¢el coell 928l TAWEA el'ell £8'esl vocel 61252 1e
8LESLY- 68°19- 6T'6L i 8.1l 0080121 9Lp91 09'set1 elel 09'pL1 09've1 v1081 157281 S6°121 $9Z5¢ 0e
S0'9bes- 16'0%- s0z8 0226 1A% 00'819¢1 16991 ¢8'sel 86'9L Le'Z81 be9ct 92911 9v°¢sl 96'1¢T 89°Z5¢ 62
6l'lely- 18°09- pO'SL £9°06 0€6 0085021 €5'651 lcoel w99 6L°LLT (4274 05'ell 86'CS1 [AN 44 69°8b2 8¢

t2d €2d Z2d 12d (310dgg) (eale) g 7 ol La¢ 7 KT «OE 27 W11 Cnets

NEURLMLE nimtes unm nimip WeUNREQE wuuRenE Recy




83

¥2d €2d (L] 12d (210dgg) (eale) Pt <BE %1 «4¢ L * 1€ «a1 xB1 w11

S 13 T PLRELY
NEBURLNELE nimtos WM nimg WEUNMRLN BulunEenIE
5 [ s e

?arqﬁzcnnnw?wrc_uaw?mw L tﬁscﬁc\m_.v@:.naﬁcmaepmmﬁﬁwawrcGz 9°u WZ.W...E

86'8LYY- bL'09- 08'901 99'88 L1001 0'80p11 Ly8Ll 16°2€1 8¢'8T1 Z9'8L1 9.'6Z1 9e'v81 65°¢ST IANAA Ge'05T 08
€S LLLY- v6'19- p6'86 1098 L8711 ooLiet ATl S0'sel v8'001 L0eLl JRER AN S0Z81 88251 68121 99¢se 6L
6L°95b- 16'19- 06011 09'68 £z'9 oopelt pS'181 sevel 96'uZ1 pS'eLT FAR A 1eLt 81241 6’12l 18252 8L
00°¢00b- 16'19- 61'oct 62°06 96'6 0'¢6e101 c6'c8l e€C1el overl 61181 SLpel £0'081 66151 66'1C1 eLese Ll
b8 v96b- 9L'19- 66'501 9588 €601 0 1v9ct LT'6LT 8T'Tlel 60°S11T 8L'pL1 EIRTA 18°¢l1 Zbest 66’121 0v'ese 9L
€0'5006- b6'19- 88201 06’16 or'st 00'evlel ep'LLl SThel op'iit 8e'LLl L1921 85'891 co'ecst 86'1Z1 INNATA Sl
€v'8925- £6'19- bb'1g 19'68 598 00'62bel 2g8'e9l o0zZcet SO°LL 66°LLT 91vZl 8C'c6l 0L'gst 16’121 19'25¢ 7
bO'LLLb- 16'19- 16798 06'88 (I7ArAS 0009121 28691 8t'gel £0's8 6'ell ezt £0'0L1 §eest S6°121 61'¢sC el
b9'65Lb- £6'19- A 28'98 bLL oo'9ziet GT'G9T 05'SET 0562 OT'SLT ZEvET vS'L81 At 96'121 I ArATA zl
60°61£5- 0L'19- gv'Le 12’16 96'01 00'Teoel TLTLT v9eel 98'16 98'8.1 119zt 100LT [ A L6121 STAIATA 1L
L6°026b- €6'19- 8'c6 PART ot 0o'pisel 257691 v6'0€l ¢o'L6 LE'8L1 1€'921 9¢'941 61251 €6'1Z1 1Lese 0L
el 9Tve- 0819~ 68'68 ST06 ol 00°£898 09'991 £9'621 09'16 6'pLL Stvel ST'L91 167251 S6'1¢1 bb'ese 69
S0'085Y- L6°19- 9¢£'66 ST°06 Lot 009911 S9'9L1 60'9¢T St's01 £9°081 06'vel 16'6L1 157241 S6'1CL 08'¢se 89
bosecy- £8'19- vLb6 1906 c8'6 00'be011 S9°CLL Stoet 0,96 G9'6L1 A TAS LUSHE 12051 [YA 82°¢ST L9
621260 L6'19- S6'L8 £8'16 €eol 0092521 20691 0c°0¢1 1€°68 crell PR 7A 98'691 59°¢S1 S6'1ET 6L25C 99
6v°08bb- £6'19- 69'G0T €916 69'6 00'e6ell TkY | ZRTAS €611 9T'pLl 90'vZ1 €651 west L6121 bL'25e 59
9L'185Y- 81°09- 05'96 §9°L6 107¢t 0069911 - 15991 EVATAS SZ'v01 L8°LLT 98'9¢1 Sy'apl AR v0'ect G€'082 v9
Ge'Zoeh- 12'19- 1v°001 0088 806 0015601 9LvLl kAt 92901 8L°GL1 19221 L0941 §9'¢s1 91°ZZ1 8¢'16Z €9
(A7 PAT 15°09- 9296 90°66 61p1 00°¢802T 9S°CLT povel Z6°'101 SC081 8v'8zl Z8'9v1 06'es1 60Ze1 09'6ve 9
p0'98Zb- £8'19- 99601 vL'16 0L'6 00°60601 L8LLT ee'eel LZPTT 127181 99'sgl SUsLT 66'CS1 06121 9v'cse 19
90°958%- €L'19- 6988 1€'v6 elel 00v9eet 18°0L1 qelel 12'88 68'¢81 19°L21 v8'zLL 617251 16'121 1e'ese 09
LY Tv9b- S6'19- 18'66 'i6 G591 007C1811 1€DLT 18°5¢1 GL'66 CL9L1 18've1 18991 AN 66'1Z1 6L°¢5C 65
b6'cL6Y- L6'19- bZ’s6 v9'v6 9511 0099921 FANAN bleel LV'66 £C'181 T8l 6L'8L1 £5°2S1 b6'1gl 61252 85
1¢'096¢- €819 0Z'L8 €6'16 YA 0095001 59891 c0pel 18’68 69'181 99'5¢1 06°GLT 1e7est 10¢ztl PAAT4 LS
SZpeip- 0Z'19- 25'e6 6L°C6 S6'T1 006401 1eCL1 QEECL S1°66 56'081 IARTA 8L'691 99291 60Cel 0152 95
6£'8E0b- 18'09- b1'Z01 L0'L6 Ge'8 00795201 LULLT ereetl LH0TT L0641 60°L21 €L'051 plest €6'1Z1 AT 1)

v2d £2d ¢Jd 12d (310dg) (eale) +4e %EC »11 «de xeZ w11 «qe FLr4 «11




84

bDd aen ZDd Lwten (|| aseyd) zr:wc?c:ms:m:m.ﬁmc:am__“...?mmﬁgprt «x £2d R8N [Dd LULER (|| 3seyd) :cpoc?c:msézw@ﬁmc:amm?mm%%?_@ .

16'96L¢- £6'19- cv8l 0v8 85'ce 01'6896 bl'b9tT Lpel 65°0L cOLLY eL'eel 16°L61 L9°eST 8121 |RATA Z
1Ly €519 SC°66 85768 veel 00°zeloT 26891 LaiSE 82801 81°8L1 bO'ezl 68161 18041 eL1el §9°182 9z
Se'SSLp- 86'19- 92’501 2068 6291 0092121 25°041 €L'6Z1 bS'61l ULt 1o'vet SES61 9v'vs1 15'121 SPese 14
S6'19.¢- b6'19- 1226 be'L8 LU 06'2856 LS'TLT 62'eel 8r'eé 9v'SLT kA TA ov'I81 Tb'est 18121 .mm.wmw 14
9e'cely- €6'19- 09'LL 61°L6 ¢vst 00'8e0zT 00'¢91 jZANER L0°69 66181 TUATAS 88'851 eb'est 8.'121 AT €z
v0'6.8b- V19 JARANS €598 L6'ST 00°Level Lb'8Ll LP'6Z1 86'8¢1 €6'LLT PAR 7AE 10681 G6'eST 6L'1C1 91°Zse 44
69'80259- p8'19- 96'9L 09'68 9¢91 00'692¢et £6'291 ogeel €5'89 TLULLT szl 6T°LLT LyesT 18121 w'ese 1Z
1€°Lv09- 86'19- S6'¢6 proL 8l 00'8pYsT 99° 1.1 ovzel 8L'96 bE9LT 66'121 20'8ee 857¢ST SL1ZT 29'25¢ 02
08'¢9¢e- LZbp- 64'¢6 6871017 Sbee 0b'gss8 I ATAS 65°SbT 6586 04'981 LY'Spl veLLY ov'291 v9°621 L5°2TT «02
£9'v06¢e- 9L'19- 2068 S8'v8 STel 0£'5566 L9t SLIZT 01’88 0L'6L1 ov'eet 69'961 £9°¢st 18121 lzzse 61
eSelit- 18'19- 6.°001 £L'l6 seel 00'900<1 10941 Le'PEl 2e'801 LL281 or'Let 81181 Seest 06’121 L EEATA 81
00'¢59t- €6'19- be'Ze £8'68 bbbl 00°LS6T1 6b'891 £6'921 S6'€6 L2081 6v°521 69281 8zt ¢6'1Z1 89'25¢ L1
£e6l6e- 88’19~ £8'66 9088 peel 00°5000T 1A JAS 09'1¢1 b1 901 SP'oLt aTber 68'6L1 18°¢ST bL'121 1w'ese 91
SC'L99b- L9719~ £0'¢6 1E'98 ebpl 00'Z681T 86'TL1 80'bel ¢0'e6 S6VLT 66°CCT 0,981 L0°§ST [ARTA b8'152 ST
0z’ 1Z01- 26'19- §8'801 [AWA:] £6'81 00'¢5¢0T L0°6L1 080¢T €Lzt veeLl vlvel 16T b9'est ¥ A 19°¢5¢ bl
96'L09Y- 88°19- 0926 898 06'L 00°TELTT Op'ILT 1672l L6 SZell 16'¢Cl 06'8L1 Ib'est 98121 [ARATA el
L1'82¢es- 16'19- 2868 9p'v8 186 00'1ECET 807041 Ll'eet 8b'6e8 SLLLT ev'edt 91961 61°eST L8121 09¢sz 4!
1001ey- S6'19- £8'08 Sv'18 bsel 009201 81191 9ecel 9908 6T°¢LT 0L'121 1€°961 86251 06’121 0L'¢se Ti
b vozh- 06'19- be101 65798 1e°L1 0091401 CopLT [ANTAS 12’801 9.'8.1 8L'¢cl S6'681 88'vs1 65121 1eese 01
A b6'19- be06 Sb'.8 16¢t 00°TELTT 8S0L1T €6'1eT SL'68 C9'6L1 EPLRVAS 58°681 68251 68'12T 89'¢s¢C 6
68°019¢- 18719~ 5's8 9216 2691 01'8616 p129t 8€'/T1 Lv's8 e1's81 S6'vTT Lye8l SLest IFARTA! 1v°¢s¢ 8
b8 v68Y- 8L'19- 6198 L0'v6 89'G1 00'1svZT 04891 18'1¢1 £8'e8 Ll 12°6¢1 187451 62051 69'121 IANATA L
8E96LY- €9'19- '8 90'¢6 1eel oo'01rZzt boL91 P4 L0°08 b9'zel 8Z'5Z1 SSTLT §9°est 06’121 8’152 9
e 1e9y- L6'19- £8'¢6 Z8'sL Se'8 0012811 S9'CLT 6£'GET 1896 ¢L891 18'121 o6'vie 89'¢s1 S6'1Z1T 18'25¢ S
19°060b- 8L'19- ST'é68 LE'16 091 00veyil 00691 gelel bb'es 96'cll 18'¢ZT 60'091 657251 86'1¢1 [A R ATA b
beIShY- 0e'19- ce8s 66’16 69°T1 00°¢zett 8b°0LT eSS 96'98 2e°081 ZElel 02291 80'pST 66'121 ise €
959'¢88¢- €8'19- 28’06 85°¢ce 8LL1 0b'2686 (VA creet 6€°06 1L°0L1 S8'1gT 8b'v81 96251 SL1Z1 og'ese 4
90°909v- 8T'19- 1098 90'06 659 00'12L11 12991 €0'621 £ees ZZ'8L1 16621 e8'vLT 1St 96’121 11152 1




Percent

Percent

Probability Plot of 1L*

Probability Plot of 1a*

85

Normal - 95% CI Normal - 95% CI
L) £
Mean 5200 Mean 1220
Sthev 1025 SO oaRd
% - - N a N L]
4D s9m 0 210
bl P-Vake  <0.005 = PVale <0005
04 ©
= o
0 ]
© € ®
= g 2
04 ]
2+ d x]
24 ey
10 ©
5 s
14 f = GU
0.1 T T T T T T T L T T T T T T T : T |
248 249 250 251 252 253 254 255 256 121.6 1217 121.8 121.9 122.0 122.1 122.2 1223 122.4 122.5
s 1as
Probability Plot of 1b*
Normal - 95% CI
9
Mean 1526
StDev 0.5418
" . 5 .
o A0 2321
- i P-Vakie <0
4
o
el
£ sy
iz
£ »
Ed
104-
54
1 - fl
o1 : : T T T
151 152 153 154 155
1b*

g'tJ'Th" n.1 probability plot 989A1 1L* 1a* uag 1b* n) probability plot U83A7 1L* )
probability plot 494A 1a* A) probability plot vasAn 1b*

Probability Plot of 2L*
Normal - 95% CI

Probability Plot of 2a*
Normal - 95% CI

- Mean 164 & Mean 1252
Soer 121 soe 1510
% N ® " N =
AD 0,500 AD 0.4
L Valse o P-vake 0316
0 2]
0 o
7 »
o] £ &l
= g2
E : k]
n o
0 !
5 5
14 f 1 q
oy ; T i : : ol T ‘ T r : T
120 140 160 180 200 220 120 122 124 126 128 130 132
2 2a%
Probability Plot of 2b*
Normal - 95% CI
e Mean 1791
sOe 3407
» N o
AD 0.417
=1 P-Vale 0371
0
»
x4
¥ 2
£ =
& 3
»
0
s
: A
01 i T T T T
170 175 180 185 190
2be

gﬂﬁ n.2 probability plot Y841 2L* 2a* uag 2b* ) probability plot Y81 2L* )
probability plot 9841 2a* A) probability plot ¥8A1 2b*



86

Probability Plot of 3L*
Normal - 95% CI

Probability Plot of 3a*

Normal - 95% CI

.
Mean 984 Mean L3286
- SDev M SDev 279
N L » L} L
| AD 0.35 AD 0.175
N Povaie 0.450 42 Pvalie 0922
9ad - @
80 0]
. 04 = R |
§ 5 ;2
g ® 8 =q
e % o
a ¥ & %
204 »
104 »
s s
4. 3} 3 ¥
a v 01

T
125

=l
3

—
0 40 60 80 100 120 140 160 180

3L* 3a*
Probability Plot of 3b*
Normal - 95% CI
9.
Mean w22
StDev. 5.800
1 N 0
AD 0.382
| P-vakie  0.3%
.0
L
n
‘s‘ ®@
v E
4
£ 3]
=]
.
s
8 A
0.1 : 5 T T l
150 160 170 180 190

3b*

140

r
145

gﬂ‘ﬁ n.3 probability plot ¥84A1 3L* 3a* Waz 3b* n) probability plot ¥89A1 3L* %)
probability plot 841 3a* A) probability plot U897 3b*

Probability Plot of area

Probability Plot of %pore

Hormal - 95% CI Nermal - 95% CI
9.9
Mean 11138 Mean 1138
StDev us StDev 217
% N 0 = N L]
AD 1119 AD oI
- PoVae 0,006 = P-Vaie 0.403
0 P
0 Y i
i 2 I 8
& X £ - s
£ %] £ = i
0 o
104 10 x
5 s /ey
. f St U
oy v . . . ~ o1 e ; : f :
5000 7500 10000 12500 15000 17500 5.0 75 10,0 12.5 15.0 17.5 20.0
area_product percentareapor({THO.6)

'g“d‘ﬁ n.4 probability plot ¥83A1 area wag %pore n) probability plot ¥o1F1 area 1)

probability plot 983A1 %pore




87

ANANUIN V.
dquvaaluswnsy MATLAB

—_

Adanlrlunisudasdannszuu RGB Wussuu L*a*b Tudusaunisimsiessuunisin

- clear

= clec

= f=imread{'file namz'j);

o f=imZdouble (f) ;

cform = makecform('srghZlab');

= lab_y=llow_paper = applycform(f,cform);
= 1l = lab_yellow paper({:,:,1);

= a = lab_y=llow_paperi{:,:,2};

= b lab_yellow paperi{:,:,3):

1=mean2 (1)

L= Be T 7 F S P I % R
|

[
Lt = |
e

a=mean2 {a)
b=m=an (b)
x1=[1 a b]
1

Lt
[ S |
el

2. maltlumsuszinananim (aaunng)

e clear all:close all;clc;
2 shadowl = imread('fi l=_name');
3= shadow = imresizea (shadowl, [480 480]);
& = srgbZlab = makecform('srcgbllab');
5 <= labZsrgb = mak=acform('lablsrab');
é
o shadow_lab = applycform(shadow, srgbZlab):; % convert to L*a*h”
8
- % the valuss of luminosity can span a rangs from 0O to 100; scale them
10 % to [0 1] rang=s {appropriats Lor MATLAB(R} incensity iwages of class doubls)
Tk % bafors applying ths thr=s contrast snhancsment techniquss
1% — max_luminosicy = 2:
v13 — L = shadow_lab(:,:,1} /max_luminosity:
14
15 % raplacs ths luminosicy laver with the processsd data and then convert
15 %™ Che imag2 back to ths PGB colorspace
LT = shadow_imadjust = shadow_lab:
18 — shadow_imadjust{:,:,1) = imadjust (L) *max_luminosicy;
19 = shadow_imadjust = applycform(shadow_imadjust, labZsrgb);
20 °
21 — shadow_histeg = shadow_lab;
22 — shadow_histeq(:,:,1} = histeq(L) *max_luminosity;
23 = shadow_histeq = applycform(shadow histeq, labZsrgb):;
24
25 — shadow_adapthisteq = shadow_lab:
26 = shadow_adapthisteq(:,:,1) = adapthisteq(L) *max_luminosity;
27 = shadow_adapthistsq = applycform({shadow_adapthisteq, lablsrgb):
28 Sfiqgure(l}, imshow{shadowj, titl=('Original’');
29 ¥figure (2}, imshow{shadow_imadjust}, title{'Imadjust'):
307' sfigure(3), imshow{shadovw_histeqg), title('Histzq'):
3l = figur={4),imshow(shadov_adapthisteq), title('idapthisteg'):
an
34 — resize = shadow_adapthisteq;
35 * Detarmins the imags resolution.
36 — imagePas = [480 480];
3= imageWidth = imag=Pes(1):
38 — imagzH=ight = imageP=s{2}:
gg % Initialize storags for =ach sampls rsgion.
40 - colorHames = ('whits','y=llou','broun');
41 - nColors = length(colorNames);
42 = sample ragions = false([imag=Height imageWidth nColors]);
43 % Salect each sawple region.
44 — £ = figure;
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45 — [ for count = 1:nColors
45 = sat{f, 'nam=', ['S=l2ct sampls ragion for ' colorMames{count}] }:
47 - sample regions{:,:,count) = roipolyiresize);
48 = ‘Land
49 = closea (f);
50 % Display a sample r=gion.
51e = imshow(sample_regions(:,:,1))
52 —: title(['sample region for ' colorNames{1}]):
53 B e e e R L e R e IR
,54 -
55 i % Convert the resize RGB imags into an LTa"bh imagse.
'_.‘_56?-— cform = makecform('srgbllab');
57~ lab resiza = applycform{resize,cform);
58
5o 5 % Calculace the m=an ‘L' 'a’' and 'b' valuz for sach arsa sxtractad,
60 : % These wvalues servs as your color markers in 'L*a*h' space.
SEEL = L = lab resize(:,: 1}:>
€2~  a = lab resize(:,:,2}:
63— b = lab resize(:,:,3):
Eci, = color_markers = repmat (0, [nColors, 3]}:
€6 — for count = 1:nColors
&= i color_markers(count,l} = m=an2 {a{sample regions(:,:,count)));
A color_marksrs (count,2} = mean2 (b {sample regions{:,:,count)));
‘-ES":—‘ ; color_marksrs{count,3) = mzan2(L {sample regions{:,:,count)));
20, = - and
a1l
:51'2 % For exampls, the averags color of ths second sample region in ‘a*b’ space is:
73~  disp(' ar b* L#t}
74 = disp( sprincf('([%0.3f,%0.3f,%90.3£]", color marksrs(1l,1), color markers(1,2}, color_markars{l,3}) )
78 = disp({ sprincf('[%0.3%£,%0.3£f,30.3€]"', colorkmarx::s(z,l) r color markers(2,2), color markers(2,3}} ):
78 — disp( sprintf('[%0.3%,%0.3£,%0.3£} ", color markars{3,1), color_markers(3,2), color_markers(3,3)) }:
7 ] x1.'=-_: [color_marksrs(1,3) color _markers(1,1) color markers(l,2)]
78 — x1= [color_markers(2,3) color _markers (2,1} color markersi(z,2)]
oaei= x1= [color_marksrs(3,3) color_marksrs(3,1) color markars(3,2)]
80 % Cr=atz an array that contains vour color labels:
81 % 0 = background
82 % i = yhica
83 % 2. = yallow
84 % 3 = brown
BS = color_labels = O: (nColors-1);
8E
a7 % Initializs matrices ©o b2 used in th2 n=ar=st n=ighbor classification.
88 — a = double(a);
88 - Db = double(b):
S0 = distance = repmat (0, [siz={a), nColors]):
51 0
g2 % Perform classification.
g3 — [ for count = 1:nColors
84 = distance({:, :,count) = { {a - color marksrs{count,1)}."2 + ...
g5 (b - color_markers{count,2})."Z ).~0.5;
96 _T: ~end
oy — [value, label] = min(distances, [], 3}:
3509 = labsl = color_labsls(label};
100 — clear valuz distance:
101 — rgb_label = repmat(label, [1 1 3]):
102 — segmentad_images = repmat (uint8(0), [size(resize), nColors]):
103
104 — [lfor count = 1:nColors
105 = color = rasize:
106 — color (rgb_label ~= color_labsls{count)) = O;
107 — segmented_images(:,:,:,count} = color:
108 — -and
105 =  subplot 221, imshow{shadow}, title('Criginal'):
110 =  subplot 222, imshow(segmented images(:,:,:,1));
ghlc= title ([colorHames(1) ' ohij=zcts'] ):
EEIZ — subplot 223, imshow(sagmented imagas(:,:,:,2));
113 - _ uvitle{[colorNames(2} ' cbj=cts'] };:
,'Li'{ = subplot ZZ43,imshow (szgmented imag=s(:,:,:,3)};

“¥15 = title ({colorNames(3} ' obij=scts'] ):
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3. mdsildlunsussanananin (Wuwazgwg)

3 - clear all;eclose all;clc;

2 % imags

09 = product = imresad(‘fil= nawm='):

4 = resize = imreasize (product,[512 512]);

5 -  brith = ressize®1.2

'3 Sgray imags

i o gray = rgbigray(brithj;

‘8 tth=graychreshgray);

g thlack images TH=0.6

105 black = imZbw{gray,0.€);

Rk Sblack product TH=0.9

1-23'— black product = im2bw(gray,0.9):;

13 tarea pictura = S12%512=252144

14 sarea product

155 area product f 2€2144-bwar=a(black _product)
gt $calculate %arsa porous

17,5 vhite_imags = bwarea(black)

18— black image f 282144-vhite_image

19 - percentareapore : black imags/arza product*100
20; 54 %imges show

21i= subplot 221,imshov(hla.ck_pruduct) ; title{'product arsa');
22—  subplot 222, imshow(gray}, title('grag'):
23’7 ;"‘ gsubplot 223, imshow(black), title{'black'}:
24 — subplot 224, imshow(resize), title{'BW2');:
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Image-based Analysis for Characterization of Chicken Nugget

Quality
Chrampaol Yuansyai!, Piyaphorn Manzses®, Udom J. arjarassals
21 Facley of Fnzmeering. Deparanent of Tndustrisl

Iing Monglou's Insciture of Technobgy Ladkrsbans, Banghkok 10520, Thailand
Emsil: chunipal yasngysidgmad com piyapharm mar® kormsil com, lr,mﬁnm"}'ahm oo

Abatract: Appesrance, colars snd adhesion characteristic of chicken nuzzet sre Impartant to
custamer satefaction and buying decision. These characteristics ars generally inspected b b
mman, thas, the mepectors nreht earracdy judse. In additon, the results sre not quantitatively
m@ied&tﬁutﬂerana]@m and improvement. Trerefore, this study focuses om constructing a
measurement Insrument for &ema;tkequaﬂcfcﬁkanugg&gthengngemﬂh}n
and reproduchiry (GR&R) stady is wsed to ensure that the insument 1= capable of di=
tinguiskine mugzer differences Since, there are eleven charscteriotics of chicken nuszst are
anaiyzed The dmmmtmkmmamhedtom&m&emmberdch&rmm
from eleven dimensions to only four dimensions. Tre experments and data analy=is show that
the dimenson reduction iz wseful for rapidly detect abnomality of nuggets and finally kelp
Practitioners to inprove the process.

Keywords: Chicken nugzet quality, Gage repeatshility ard reproduchliy Imagzebssed

analysis, Prindpsl conponent

Introduction

Food appearance is ome of the most imporrant
characeers for custoners buying decizon. The nead
of fast and accurate food inspection iz cradal In this
paper, a chicken nuggets product is select=d = s case
stady. Chicken nugzest producton is the senr-frozen
food inclades sround chicken meat, pressed inro bars
or desited shapes, coating snd deop fiied in a shorr
period in order to be stabibzed snd sepicodked then
freezng and packing for ssle o comsumers. Then,
consumers will rapid cocked befors eatnz,

The ckaracterisace of crickes nugzets affect not anly
the custamer’s baying decsion and satsfaction bur
also are product indicatars for process mproviresr
Howerver, the qurrent inspactions sre performed by
human. The mspe-chm 15 con=dered as te&:an_,
laborous, costly, time consning and Dacrmsisten
tasiz Researchers have used 1 Image processing in
food quality inspection to alleviate trese

(Du and Sum [1]; Brosan amd Su= [2]). Therefare,
&Eemamdiammmmmd
imsgement far coliecting data ard the
ﬂamwﬂfheusedﬁtfmtheram];&igandmss
improvement.

The dhjecave of the study i= 1o propose stansoesl
techrigques: GRER, Desing of evperiement and PCA
for the analy=is and the detecon chicken nugzet
qualty uamg image processing We wse imase
processng-based techmiques to collect Cricken Nuz-
gex 11 eleven characteristes which include chicken
meat colars, flowr colars, porosity colors, snd ssction

sreas. Then Gage repeatability and reproduchittyis
usedtomethatthemsmmemmmpah!ed&m
tngash mezeugzest difference uzm, onlf TEpre
sented colors charactensties in L*a*b* system.

Due o an automate process, there are several
rroduct characteristics or variablzs csn be cdllacted
sroultenously. I is difficulficdlt to analyse, then

prindple comporent amaly== is then usad to w
detarmine the =latonskip botween varables and
m&mt.enamqumbl&hvwmhmgt_e
variables within the same factors or s and
introduced rew vanakles thar iz useful for furtker
snalysis.

The organizadon o the paper bezin with method
and related topics Invobang mmare processing amd
analysis, eolor inspection gystem, selection area and
POpoSTy inspection, and desion avd awalymis of
experiment, gage repeatablitya and reproductkdiny,
and princple component snaly=is. Then Fesdrs and
discusson will be presented, followed by concluson
at the end.

Methods and Related topics

In this section, we introduce Image processing amd,
deslgn of expermenmtal gase repearakbiiy and
reproduchility, principal component analyss, and a
proposed framewors as follows:

Image analy=s has been conmon'y used i= food
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quatity mspecdon (Du and Sun, [1]; Brosnan and
S, [2]) for a wide rangs of products Including meat
(Barmi, ef ol., [3): Bargzaard, of of, []; Fortn o o,
[3]), frrs (Wang and Gu, [6]), axd fish (Karplus, o
al., [T]). Imags procesenz sanalysis gemerally consiots
o 5 steps: (1) image soquEsition; (3) pre processing.
(2} magesegmentation; (4} object measuremenravd
(5 classifeation.

Far checken rugget inspection, the imaze processing
is implemented to measurs the color of cricken meat
and battered fiour and flor parodty, sectom-
area.the alzorithms far processing of color anslysis
snd section-ares and porosity analy=ls are written in
MATIAR.

Color Measurement

We mesasurs the color in the L*a*h* gystemwhich is
sn mtematomsl standsrd for color measwrements,
sdopted by the Commussion Internanonal=d’ Eclsir-
sze (CIE) m 1976. This colar modsl ceatss a
consistent color regardless of devices used to gene-
ratet‘hemmge(p_ monitor, prnter or scavmer). L*
15 the hamamee ar ]:nhmes_ comporent, which
ranges from { to 100, and parameters a® tfrom green
mred)anih*(ﬁm:ﬁbaemveﬂnw)areﬂ:em
chromstc compoments, wrich range from —128
to+127 (256 level) (Baldevihat and Anand [8]}

Section-area and Porosify Measurement

Measure Secton-srea and porosity usng a thres

hold-based segmentation method Trere is a particu-

Larly effective techmique for scenes containng solid

cbjects resting wpom a comtrasting backgrowund,

whick distnswskasthe object from the remsiming

pmcianunagemamopnmahalue (Dha and
S, 1y

Fizure 1 is the Mspection equipnent. The chamber
itsef consists of the following three mam elements
{(Ir1aze processing is basad on Pedreschi er al. [10] and

Yusngvai et al. [11]:

1 Four florescence lanpes are attsched atsquare
cm. above the sanmle and s ar an aneleof 45° 10
nuezet location.

2 A Canon EOS 550D i= located vercieally above the
ssanple. The ansle becween the camera lens ss
and the lighting sources are at 4%, formar JPEG
resoluriem 3456 x 2304and cornected to the USB

port.

3. Ihummatars and the CDC m=de a mat acdichax
10 prevent tre Eehr and reflection foom outside
sources, sze 50 x 20 % 50 cm. and the frame is
made of alunrnum located above the ground 100

o

e
Fizure 1 Imszz processing equipmens Hr ruzzst
inspectica

Design of Experimental to Reduce the Meaau-
rement Variability

Desien of expenments (DOE) is the process of
phmi:gmuyeﬁmmmobtainﬂ:einfumm
concerwng which factors affect to experiment
responses (Motgomeary, D.C. and Famesr, G.C, [9]).
Th_snﬁ,vmesrbeﬁ:am:malﬁmnﬁ&wgnﬁrﬁ:{
factars (2** Jto reduce the measurernant vanshiity.
We use a ainmlared color paper with ten chicken
nuzzerlite colors (Fiswre 2| MINITAB i= used for
analysls.

Gage Repeatability and Reproducibility Study

Gage repeatability and reproducibiity (GRER) is a
stanstical rechnigqua used to assess the meammemenr
aystemn whether ar not it is capable of distinzuishing
pact differences. In this study, we use a color peper
with ten chicken muzzet-hke colars as samples
{shown m Fisure 1) and the factors that no effect on
the measurement system There sre snakyzed with
full factarisl desinThe computstoes were
peformed usng a balamced ANOVA nmodule in
MINITAB.

ﬁmzmnEn}-\:g@tM—lﬂ:e“inpexstrm

In the satsteal nmode! of GRER, there sz a
randomly selected parts and b randomly selected
cperators and each opeTator measuTes every part n
umes. facor 16=1,2, ...,q), factar 2=1,2 ... b
factar 3(5=12 .., )xeplication (=1,2, .. n). Tke
effect modelis described sz
g = A+t Tt By (e +

By} + (18Yhux + Eijar @

Where 7, By YedTE)ip (7)o 1 (BY ) jur (36Y )i amd
€ are all indeperdemt random varishles that
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reprasenr the effact of factar 1, factor 2 Soor 3 e
rerscrom of faceor 1 and facror 2, parts and Serer 3
farear 2 amd factar 3, factor Mscror 2 aed facrr 3,
snd random errer, respectvely p iz the overal
mean

Principal Conpronent Analyzia

Princpal component analysiz {PCA: iz & variakle
reduction prooediae. Tt iz usefil whenthere is larze
nmbe:iimmmammbxdxmaﬁﬁmin
15 beleve that soe redundancy etz in the data sst
In this study, redundancy weans that scme of the
variables are ecxvelated with one another, poschly
because they uommhmﬂmﬂm
PCA norusirty off our navin stepy; srudy of ccerelasion
m;t_u'arublu,muﬂmm&mm
rerty, yotanon to & fnad solution asnd iverprecns
the rotated salucions (Jonhson and Wickers [13i
New factors cbtained from the analysms sre palled
princple companents,

Results and Discussion

Weg:ese::l..éresuhanddzscusamcim
GRER, Nuzzet measurernsey amd PCA as o=
followms.

Design dEtpermrnhl to Reduce the Meazu-
rement Variability

Orce the equpment iz completely bultwme
comsidered gix factors in the meamumement symeny
i(;t'u ba&gmd mlc:{(ﬂl Tu @hﬁ
&'l"‘ﬂrl 3‘tm hmP‘i outide 3
mmnaninl}mi
ﬁcmuduaﬂ““’;mm&wmmm
facrors. Than images ave ccoverted 1o L o, B

Tabie ] Arahesof Varance fr 1*

-
o oo
e DF SeqSS A4MS ¥ L
==in e § DIR¥ 20015 155 Q00
R 1 015 L15 ER LI
i B 1 156 155 1% 92
o= O 1 03 035 e 0%
=Ty D 1 110706 110500 8313T 00X
mishhiim 1 304 Eh I 0l
distans () 1 10048 10488 I 400
s 2 - ,,
s, A B 3115 2 L& 0%
el 3t 12504
Table 2 Anabysiz of Variance for a*
e or 5 M oF P
IS A% ™
ey T 1038H Sl ims sme
speraes (& 1 A0i3  aoe £ oS
@ 1 36387 51866 EBATE 0000
pemr (G 1 17206 170087 M Q000
2o Lamp D) 1194 180 11 o
aidelzbeT 1 0391 017 30 015
Erme T 1 24054 2806H I3 oo
Py T =
e £ 8 15 63C 042 ¥ OB
ot 311137
’l’aﬂe&Am!}asﬂanmhb‘
DF 5e335 AfAm § B
TR
man effects 6 339 SO0 1221 oo
permer (U 1 033 a3 03 9865
bxkmoond (B 1 32051 XE TRE 906
e (G 1 3= 39¢ 00 0351
oo Lap @1 1 28081 3081 512 4
assdebii® 1 000 e fo0  opsl
Eocmce 7] 1 05 357 o
e
Yhe S 15 5709 80¢ E¥ G0l
.2 A 41%H

Gage Repsatability and Reproducibility Scuds
(GR&R)

values The experinenranon resalts indeate facrrs

sre mmeificance at 5% soficamee level nsws
ANOVA with MDITAB.

Taklz1, Table 2 and Tablz 3 display the anshrsz of
varamce for L* a* and b, recpacrively, The resyes
mmmmmmmm
gkt sre sizvificance at 5% =HSzmicamce level
Therefore we choose badmoumd (B4 ss Black
pm@umimbad]mmmm
and distance (F) 15 225 cn Andrhe camers sstomzis
zet to manual mode ISO400, shutter speed 160
aperture 5.6 no zom and o flash to reduce the
variabdity.

Orsce: the vanishiiny of the measurement sy=em j=
redhuced, the different colored papers ave paben by
two operators with two method {oursids hekr and
noti. Then imazes are comverred to L o™, b* values
for GREE using ANOVA wirk MINITAB 16 Dus to
the space hnnitaton an exemypls of 1* yalue analfyss
is shoym s Table 1 Bssed om the pishiss wis
conchuded that the effact of parts, oparmra= and
oa=de gkt and their interaction effact=.

The vanance of the gauge i= estmated az the

mmm of the variance component estmate of

o, 5. and of.

’mt “xpcu‘ + d‘;n.nur

e =1L3LEF0 + 0,091+ 001140013 +0
+0.015 = 11444

Thowe =0 + 009140

s = 1L344

=0.091
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ANOUA: L eeoes Pare Orzmde b

Faox Trye Levels Valuer

pa randes 10 12345674310

opeza ok 2 12

xmide Bight random 2 12

BAraly=is of Varizece fr L*

Soemce LFr &5 s P

P 9 T8 4018 % SO
prrxia 1 0014 ool 53 Qe x
octeade Seke 1 1851 L&al 6535 00T x
Eripexe a 0336 ete- g 1% 0.0%
pazoside Erbe 9 0.365 0.08 3 o0
epeasmoumide Bt 1 Q005 6.003 olg 1 8
o 9 Q1% oois

Tt k- 10568

= Not an exact Foest.

S=0123110 RSq=29.97% 5-Sqaf)=00864%

Wartance Error Expecrsd Mean Square $or Fach.

Somrre: Sxmponeny

1ipm nux

S el L0006

3 oezmde hirht o011

4 01

& pattoatideE=tr ey

Where o%is the randoms experimental error. o s the
varance camponent far parts, gf i the vamance
component for operatora and o} is the variance

omponent for cursde light.

Table 5. Comparison snaly=i= of venanceofthe L * 8% and

B
Varsree X at ¥
[ 4 182 #6825
i CO911 00139 Qo2
ol 11314 7745 466216

% el O 080 017%% Q0N

Table 5 shows the results fox 1®) a*, and b*. The
popation of the variance o the pauge and the
mwdm&i’a*b‘sﬂwﬁ'
017%% and mm*., respectively. These values
Indicate that the varishilbry of the messurement
mysen i very amall compared w0 the variance of
part. Then compared with the generally accepted
coteria for the ATAG (Automative Industry Action
Gcrwp [13]) Bav= noted thar H the variance tatio

10f% i= gemerally comsidered acceptsble
Ihmécn the measureraess yestem iy capable of

To analyze the characteristes of chicken nuzzet 80
chacken nugpets are randoraly selectedfiom a local
market.

Color inspection
Badrground was removed from the digiral mage aa
shounin Figwwe 3 Then selece the avea of chicken

meat, batter and porosity for example to present the
n=ichbors or smilar pisel is shownm Figure 4 Then
ﬂm‘eme color of dhicken meat, batter and analysis

* gystem,

mita

Firurs 5. image seementation with threchold and edes
det=ction techrigue
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Section-Area and Porosity Inspection

Badkzround was removed from the pre-processed
grayecale Image uane 8 threshold of 0.6 w deter-
nﬁnepmndqaudmmhﬁnedn‘iﬂaanedga&ama
tecknigue based on the Laplacan-of Gauss (LoGy

operator (Castlemsn, [14]) to determoine section-srea,
shown in Fasure 5.

Therefore, there are 11 charactenistics of chacken
nuazzet are analyzed

Table 6.comrelaton mstrix of 11 cheraeriztics

Principal Component Analyais

Since there are 11 charam-::xsmx- of chicken nuggec
are aralyzed The provopal component snalyas is
applied to rediace the nuanber of charactenstics. This
sacrom, colors of chicken mizat representare IL7, Ia
and Ib* The colors of batter representsre 21, 22
and £b* and the colors of parosty representara SI."
3a* and 3b*. Secoom-area represent aren. Poresity
TeprEaant poTe.

Cearelation mstrix 1= Table 6 i= shown correlaton
between varizble and use as direceed in the Zrowpine
varisble.

varishls g1y 1s* b= I 2a* 2 J* Is* i s paE
1E* 1
18~ -0.815 1
1 0307 00 1
i g 085 0166 D307 1
2g* 0158 0217 0107 0687 1
Iv* 0080 0106 0072 0180 063 1
a1 B 0245 02£2 0134 0125 0038 -0017 1
st 0i4 0025 0106 0233 0015 QO 013 1
o 027 0226 0158 000 0107 00D 0858 0012 1
Area 006 0081 0199 0190 0186 Q0 0157 0157 0169 1
pore 0185 0057 0226 0081 0236 0183 D066 0055 0414 0036 1
—Table 7. s of ingipal cenpcoent gl
PG G PCE PC7 PCE PCS X0 B
Eieemrahe .a.ﬁ&. ’ 211594 LﬁIb 12205 10822 QBG83 063 05301 01331 01011 Q04R
Proporoon 024IC 01930 (1480 Q1130 Q0990 0074 0058 (00500 00120 00050 QOO
Cromilarive 02410 04330 0530 0640 Q™30 056 0974 (9780  0S670 0960 LO0CC

Fizenvalue of each princpal compomerr (PO is
consdered and showmin Table 7, Fizenvalue of PC1
to PC5 are higker than 1. However, Erzemvalue of
PC% 15 amsller and doser to 1, Then & is moc
comadered Trevefore, PCltnPC-mens:de:e&,
thar can be explain the varamce of the 11
vanisblesfor 69.4%.

The mreation scds is the procedure to separate the
varishlas that a variakle should be saTsnzed m other
groups or compomerts. It 1= because the extracton
component can be a sngle component ar nmlople
conponents Facoor loading of the PCI 1o PC4 are
shown in Table 7. Thefactor loadingof before-rocation
is noc obvious that be diffruk to intezrave the
varshle. However after-rotation of the variables can
ke grouped, with selected of fsctar loadingtksrhich
value in each comnponent as the following.

PCl=({0.27L=+ 043702 + 0437 @
PC2 = (0.460)3L5+{.0.201) 38" H0 413)F0* @
PC3=(0.45911* + 0.462/1a* )

PC4= (0 47)1k* +(0.315)2L*

+(-0.39%)sxea + (0.375)pare &

and eq. 2 to 5 are the relatiorship m lwear form of
varisbles m exch primeipal conmponert Tre coefficient
af each Thersfore, the principal conporent analysis
was apphedwredacethe characteristcs of chicken
from eleven to only four.

When interpreting the wnderlying relaconckips of

the vacahbles in each coropoment They cam be

m&emmmd&emm
new coImpoments sre as follows:

*  The vanables of PC1 are assodated the colar of
the bawer, PC1 was named “the compoment of
batter qualry® :

+  The vaniables of PC2 are assodated the colar of
the poroeity, PC2 was named “tre component of
depth-paroeity quaky”

¢ The variables of PC3 sre assodated the color of
the chicken meat, PC3 was named “the compo-
nent of chicken meatgquality”, snd

¢ The vanables of PC4 consist of a vaniegy of va-
rishles, that difficwlt to deternrne the relation-
shipe. However the variables found thare relatzd
to the overall appearance of chicken muzgetzare
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associared. PCY was maned “the componens of
appeasance qaabiny”

Conclusion

In this srady, we proposed a framework for weine
Image proceasing for characrerizanion of chicken rug-
ot quality. Demen of expazmment 1o wsed to consider
ths factor associztzd 1= the syzem ™ ords o
reduce the mesmmeLent \':.na!:ﬂxq Then gage
repeatabibty and reproduchhcy 1= used to assess the
Ieasarement giwen vanston of the cdarbased
inage processing equepmment Since there are 11
characteristes of chicken mugget e anabzed with
imaze processme winch inchade chacken roeat colar,
bamered fiour color secton ares and porodty The
pmapalmm‘msma;phedmredutbe
characteristios from eleven 10 only four Sraractaris-
tics ave follow PClLis the coxmponest of hatterqualiey,
m”m&emmiﬁp&mwabvm
is the compoment of chicken meat qualiny and PCH

the component of appearance quakty.
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