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ABSTRACT

To investigate the hardening pericarp disorder in mangosteens, the near-infrared (NIR)
hyperspectral imaging were measured in the region of 900-1700 nm. Their spectral data were extracted
and performed by partial least squares-discriminant analysis (PLS-DA) to obtain the classification model
for detecting the hardening-pericarp mangosteens, Leave-one-out cross-validation was used to validate
the obtained model. The firmness calibration model of the mangosteens pericarp was also established
using partial least squares regression (PLSR) method. The obtained model exhibited the correlation
coefficient (R) of 0.87 and the root mean square error of cross validation (RMSECV) of 4.44 N. This
research shows the utilization of NIR hyperspectral imaging for classification of hardening pericarp
disorder in mangosteens. In addition, the predicted hardemng mangosteens image could be used for
indicating the destructive level of hardening mangosteens.

Keywords: nondestructiire, ﬁi‘mness, prediction, classification, hardening pericarp
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19 NIR hyperspectral imaging N1ﬂSZQﬂﬁi%’1ﬁﬂﬂiﬁﬂﬂﬂiﬂ1W

¥ 3 = = = =y = LY v o - Y 1
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3TN 1H NIR  hyperspectral  imaging TUH19AIW0MAR 900-1700 nm H1UBATTIATD lamb

muscles TagASI1ZA8 Principal component analysis (PCA) @ H15AAALENFUAVDY lamb muscles
‘lﬁ’gﬂﬁ}m 100% (Kamruzzaman et al., 2011)

19 NIR hyperspectral imaging 119349581303 600-1000 am 117 e ims lunaid
wvw livivane Tnese3% Principal component analysis (PCA) AN30Mu1e 1Agnaod 85.5% (Qiang
etal., 2012)

14 NIR hyperspectral imaging 14529n2W81IA%Y 700-1100 am iefauenuiatinmans
Amiinnuuas 1agd995 discriminant analysis a1msausnldgndes 96.4% dmsuwianduas
91.0-100.0% é?m%’umé‘mﬁﬁﬁmﬁmﬂunm (Singh et al., 2010)

19 NIR hyperspectral imaging Tu%74n2108190AY 960-1662 tim (RosALALEAT) TnaR s
anuudannaady Tastamaiuudminaiosilo Pioneer Hi-Bred Research RSA 4agyiims
AR A5 partial least squares discriminant analysis (PLS-DA) a11150a513 1u9a PLS-DA lag
TRETRLY ﬂﬁﬂﬂ”lﬁ’mmuﬁutﬁ root mean square error of prediction (RMSEP) (1171 0.18 (Williams et al.,
2009)

14 NIR hyperspectral imaging JU$9ANUE1IARY 900-1700 nm Lﬁaﬁ'ﬂuaﬂammwmwﬁa
ny "lﬁ’mmfJnﬂﬁ"uﬁﬁaf'i'fg“luﬂﬁﬁ'ﬂuﬂnﬁ 960, 1074, 1124, 1147, 1207 uaz 1341 nm JAT1CHAI5S

Principal component analysis (PCA) 1315 ﬂltﬂﬂﬂﬁ’gﬂﬁm 96% (Barbin et al., 2012)
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19 NIR hyperspectral imaging T1%39A97081908Y 900-1700 nm (rom mwﬂmmwmmuﬁ’ai’a
lAUA L*, b* pH oz anmiuiite Tasari1eaumsdmuinngTagds partial least square regression
(PLSR) l&Hansyine sail coefficients of determination (R® CV ) 101 0.88, 0.81, 0.73, 0.83 1ay
root mean square errors estimated by cross validation (RMSECV) (101 1.21, 0.57, 0.06, 40.75
AMA1AY (ElMasry et al., 2012)

19 NIR hyperspectral imaging . Tumaammanﬂau 900 - 1700 nm LW@ﬂ@!LEJﬂﬂmmW"Uﬂﬂlm]
Invasfishums Ianudou Tﬂmmanﬂauwmﬂﬁuiumiﬂmmn‘m 980, 1061, 1141, 1174, 1215,
1325, 1436 48 1641 nm ’Jlﬂﬁ‘lx‘}’fﬂ?ﬂ)ﬁ Principal component analysis (PCA) mmmuaﬂ'lﬂgﬂﬁaa
a3ga 99.23% (ElMasry et al., 2011a)

14 NIR hyperspectral imaging 11493909 1081108Y 910-1700 nm Lﬁaﬁmwmmmﬂumﬁu
131 (water holding capacity; (WHC) Glmﬁai’aaﬁ ‘Iﬂﬂﬁ%"lGﬁ’imﬁ?hﬁ‘%"ﬂﬁ‘lu'lﬂﬂﬂﬁ partial least
square regression (PLSR). lawamsiineg ﬁ}x‘l‘ﬁ‘ Coefficients of determination (R’ CV) 11101 0.89 uas
root mean square errors estimated by cross validation (RMSECV) 1101 0.26% (ElMasry et al., 2011b)

Kwon and Cho (1998) Fnsgvanuuanaeveadmiugme q finmswemeludszmala
"l%’mﬂﬁﬂmﬂﬂimﬂﬂ?}uunmidwmw (Image processingwith a CCD camera and near infrared
spectroscopy technique) wamsﬁﬂymm’nmﬁﬂi’?mmsamuunﬂﬁ’nﬁﬁgﬂﬁmmﬂﬁwﬁu"lﬁ’uﬁumﬁa
90% HALN1T (Wang et al., 2012) 14 NIR hyperspectral imaging 114‘1?’)0?1’31118’!??15‘1\! 950-1650 nm
tﬁaﬁ'ﬂJ.wﬂﬁmﬁﬁﬁﬂﬁ?auuﬁmawauﬁ’ﬂﬁ@: WA 12HA 1075 Fisher's discriminant analysis 1ag
dunsnuen ldgndios 0%

ﬁam?a‘i’ﬂﬁmmﬂiuiaﬂmsﬂi“‘mawawwmwmﬂm‘l%’iun'mJiq,mummammmmmmﬂ
1J'1miummmmaﬂmuuwuiﬂﬂwammn RGB color image (Ismail ef al., 2000; Abdullah ef al.,
2001;Abdullah et al., 2002; Abdullah ef al., 2004; Alfatni et al., 2008) ‘luﬁ%ig‘uunmiﬁ 1 hyperspectral
image 31 150619um511081AN 1 RGB color image

m“luﬂmmunm:rm hyperspectral image 11 1¥0E19UNIHAWMINATT RGB color image
maamnﬂ?mmmmw"lﬂ%m hyperspectral image ¥AMNAZBIAUATUSINAUINAT RGB color
image 919 MIATIVADUAUNINVBINAANAN1INISIAYATHUD Ta 80 auns a1 un1s
mnﬁﬂumﬂmﬁaﬂuuaﬂlﬂa (Patrick et al, 2004) M3nvvAOURUNTANIslUOIR ANLgALA

ﬂ'J"lJJ“h"LI ﬂ?mmmamwmvmﬂﬂ Hagm pH ﬂﬂﬁﬁﬂiﬂiﬂ@i (Gamal etal.,2007)
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32 msiammsganduuauazmsiiudeyanin Hyperspectral image vedHaiinauazIzns
Uszifiuanuudavestnfuazagardaenudddasnsldmaluladlszuraninare

hyperspectral image

Ad04 hyperspectral camera SisuCHEMA 11015 3adonanmsagiounds (Reflectance)
(Specim, Spectral Imaging Ltd, Finland) Hagyaauny c?afmn‘iﬂﬂztﬁn%gamwﬁ-mmmmgwg{'uwi
910-1700 1 Tuwas MHlumsfuamaieraioan Tumaudoyann nffoq hyperspectral camera
aesntiiiiles line scan sensor mszﬁmfayamwﬁqmf'hﬁuﬂﬁumﬂaﬁ%zﬁ}msi’ﬂﬁxﬂm%’mmuﬁ
azra ¥ imsTavanun 2 yalundagiaed TasinmsfaiivSnaninaamauag sy ng 180
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mMun 5

UMW 517584 hyperspectral image (a) 1Az A1UMHIMIIANAINAA (b)
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o o = - 5 4 W
mﬂswwﬁ’ﬂ;_;amﬂﬂmmmmﬂzﬁmw visualization images software package (Envivce version
v : P . v LA

2.6.0) imsmasalaasududsusagulng aninhanlaasududsusaiulndnmanadondn
a 1 o T = Y  and 1 v o w Yo A
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a o s el - 4
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Auinatadoya (Centering) taz3snsdiuanuulsdsinldiiuvinasgulasldiimsluGounuy
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seduanuudaazgninninnziiieadnlusalasliitnsiinszhdematia PLS-DA (partial
s . s 4 = L) o o <] o
least squares discriminant analysis) Lﬁﬂﬂszmummuuuaﬂumimmmmummumwmmqﬂ

alaonuds f

1 o -] =y - =1 =Y s

3.6 AnuuNui lumsinnemsinanaesnudusumwmealuraing

o ] 9 @ [ L~ o A a e T

mmsinudayaveuiigaaeingu Tasuivihninanlaendaadiuiu 20 #a uaznguuang

I~ ° " Y] = T w =<4
aldenudeduau 20 wa Tasmvualinguiiganldendndfie o uaznquiisganldonuisdoe 1

2’, o a o d‘ 9/ T 1 ey = ad Y a i

vl e iziie a1 luaaveawdazngy Iag19Ismsunsizialemala PLS-DA (partial

Jeast squares discriminant analysis) (o Uszdiuanuwiud lumsaauen




19
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AT 2 UEAIFINEY R, RMSEC Az RMSECY Yoengusietafi1nagouniiuiivduosaunis

4 a d o
77875 PLSR aﬁmﬁaumﬂsgm:1mﬂwﬂ‘%mmmmuﬁwmlﬂﬁaﬂmm

. . . TIUIU Calibration Cross-validation
MsTuesenlansy .,
- urlanes R RMSEC R RMSECV
Original 3 063 7.01 0.57 7.41
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2 “derivative 3 0.88 4.34 0.82 5.24
MSC 3 0.93 3.36 0.87 4.44
SNV 3 0.89 4.12 0.85 4.72
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PIGEREAY) Partial Least Square (PLS) Regressioﬁ #183% Full cross validation SIUALITMIUTUUAS
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