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UNANED

NuATeEAnyINsUsTndldmalinaunTnsalndBuntsnangwilng (NRS) uazmsiinsieinmanasudunlsisa
g1lnd (NIR-HSI) dwsunisdauenudndandend wiafimzsen) sonanwdauds (mglisen) feghaudadudenilily
nsfnwldFuanmsifiuifelaesggnia thunriansganduadlagnasdauuy Hilum face-up saewalia NIRS i3
mMsfinwnsTanutdesinusaniunsiauuvasisukaslSoudisuiunisindemaia NIR-HSI Tagaunis calibration 7
wnzanlin1sIATIERLUL partial least squares discriminant analysis (PLSDA) dwsumaiia NIRS dn1susuiasaiin
m3191875 smoothing, second derivative tay multiplicative scatter correction (MSC) NMITuNEaden aunisd
Ihiendudszansanduius (correlation coefficient; r) waw root mean square error of prediction (RMSEP) wuin Hilum
faced-up Tuwna TAn r Wiy 0.711 wag 0.395 AUy (ANuLLUET 84.85%) uazaunsasiuaukiiug veaunis
#1838 normalization fensgandunasiinueIndy 1150 nm laea T r Ay 0.965 wagen RMSEP iy 0.132
aunsadnuenidnsenuaglisenldgndes 100 % mnmsidesemain NIR-HSI linafidndmata NIRS Taglunaiais
MnaUnATTITiNTUTULANEIE SNV 196 1 gegaiifu 0.990 wag RMSEP 1wy 0.070  (Anaigndfes 100%) e
TaUSeuveamada NIR-HIS Ao @11150uaAInINANNLANA1NTEIaNaaUnALALIAALDS
fdfty: 6T, Bursusngilng, nsdauen, nMslnseianaunasy
Abstract

This research studied application of near infrared spectroscopy (NIRS) technique and Near-infrared
Hyperspectral Imaging: (NIR-HSI) for classification between normal (germinatable) and hard mung bean seed (un-
germinatable). The mung bean samples used in the study were harvested from two crops. The samples with
hilum face-up were taken for absorbace measurement with NIRS based on combination of reflectance and
tranmittance in comparison with NIR-HSI technique. The optimum NIRS calibration equation using partial least
squares discriminant analysis (PLSDA) was based on the spectra pretreated with smoothing, second derivative
and multiplicative scatter correction. Upon predicting whether the seed was germinatable, the equation obtained
the correlation coefficient and root mean square error of prediction (RMSEP) were 0.711 and 0.395 respectively

(classification accuracy of 84.85%). The improvement of the equation predictability was achieved by
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normalization with absorbance at 1150 nm. The normalized model gave classification result with r and RMSEP

equal to 0.965 and 0.132 respectively equal to 100 % accuracy. The results from NIR-HSI gave better

classification result with r and RMSEP equal to 0.990 and 0.070 respectively (100% accuracy for classification).

The advantage of NIR-HIS over NIRS was the ability to show the images for difference between normal seed and

hard seed.

Keywords: mung bean, near-infrared spectroscopy, classification, Hyperspectral Imaging
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Sniau anrelagtneseawazinuauRvulaande uenIni
AUSuaulusAugs (20-33%) (Guan-Hong et al., 2006;
Adsule et al,, 1986) waziundaluiivdrFyilddu
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nsgesdaNeanseTs TNt usEMInensen agnslsAnu
Tunszuaumsaanenuandandeasiiudauds (hard seed)
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Aedlusay, wly, Wdunazindiluoanisnun (Wang et

al,, 2013)

nsAsIgiaInaUnasudunssagulng (Near-
infrared Hyperspectral Imaging: (NIR-HSI)) 1Jumalulad
nsinsevfisinuaulasndmiunsimunaunm
youdndugieinisiaegesiaiinazlidviiate Tnedu
wadailddeyatinidnludiunisnszanedives
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(Zheng et al,,2006; Sun and Brosnan, 2003; Du and
Sun, 2005)
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@vyIoUVRINT (transmittance and reflectance mode) &
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(side
surface) wavsuineveuudadudes (end surface) &4
wansly fisure 1 lneuasasiouainm1enIugds (Reflected
light from the side surface) WATLANAZYIDUIINNIAIU
Uane (Reflected light from the end surface) gﬂlﬁamﬂ
THflewnwenisnsziduas auaunisi 1 lngansuasenn
wrassiauasiuaislnivesoenfnfiguntsiieein
widn 10 cm (Fisure 2) auasiidosnuudadndende
Lﬂ%"ad NIR Spectrometer (NIRQuest, Ocean Optics, FL,
USA) Tagszuunsianuunisdesiny Tugauenipdy
900 - 1400 nm UANNEIAALYNY 3 nm felUsunsy
Spectra Suite (Ocean Optics, FL, USA) lagltmn
Integration time Wiy 250 ms wavAadusanIsTanils
afariniu 6 Tnedunstaimumisdnivesudadaden
W8T (Hitum face-up orientation) Fusdusumianisin
ﬁiﬁmaa‘ﬁ'qm (Phuangsombut et al., 2016) (Figure 1)
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Figure 1 Isometric view of mung bean sample holder
uniquely designed to collect both reflected and
transmitted light.

Acomp- = At + Agy + Agy (1)
Acomp = COMpensate absorbance
A; = Transmitted absorbance
Ari, Ar, = Reflected absorbance from the side

surface and from the end surface respectively

Light beam

10 cm

Sample -

—

Groove hold 2 mm @ Sample holder

Detector

Figure 2 Setup for NIR spectral acquisition of a single

in transmittance mode, NIR
“NIRQuest,
USA” equipped with the in-house designed sample
holder.

mung bean kernel

spectrophotometer, Ocean Optics, FL,

dusumsTauuu HSl vhnsTasetadndnden se
N&oaa18n M (VLNIR-CL-100-N17E, SPECIM SisuCHEMA,
Spectral Imaging Ltd., Oulu, Finland) Laznaesaiunnsy
(VLNIR spectral Camera, Spectral Imaging Ltd., Ouly,
Finland) figa9aueniady 900 — 1700 nm Tulnuanisin
wuU reflectance wazdinsizvitoyaniglusunsy Matlab
(Figure 3)

WwaadNTeIgnaluy Hilum  face-up (M39l¥d
et wileufiunisiawuu NIRS Taswiannsiiaas
YoWLAnLYNTiAsEAievuensEaLenWansen
wazwanliiten andurinsyueUssameuuEadaden
Fisumissingg Tnenisvin mapping.

Mumination Spectral camera Illumination

fo 7/ \ o)\

Sample

Figure 3 The sample presentation for imaging and NIR
spectral acquisition of mungbean from hyperspectral

imaging system.
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Tunsuszdiununnmanenmuesuandndeadmsu

W1240N YIAENITNAZOUNIAIINBNAINTTNITUINTTIY
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0 baseline shift uazusnuaualnasuiideuriueanain
U /235 Smoothing WUU Savitzky Golay, 3% First
Derivative, 3% Second Derivative WUU Savitzky Golay,
3% Multiplicative  Scatter Correction (MSC) uag35
Standard normal variate (SNV) uenanndudldiiudas
WinUduuwssniuiu  Tngnoun1Tiaszaselunaz g
seg1slunsaznquasndunquuadiusdu (calibration)
(140 widn) uaz nguwIRndy (validation) (60 wida) lay
Tuiitlazsvuald fredrnmuamiiendu 1 uasiodis
aua mdedandu 0 Fslunguisansiagifogieiid
AN MALaTAMANEETINRE BT sondurindaegn
lunguuafitusdu wasisaun1suAdiustuluuTwunngy
Ingldmatia Partial Least Squares Discriminant Analysis
(PLSDA) Ffiduneumiionfuls PLSR nindsenis sedudl
1038 PLSDA  ilunisviuneaingu 2 ngu unuamiuadl
Imaiuﬁﬁ%ﬁmumiﬁﬁaaﬁm@mmwﬁﬁﬁiuﬂu 1 uay
fegenunmdedandy 0 AnuuiugvesaunIsuARLUS
Fu farsanansnusiegaiivhuenguannwlignies
Wisuilsuiusegnatomn Tnsfinnsanainardaudsnis
adffildannaunis fie Correlation of coefficient of
prediction (r), Root mean square error of prediction
(RMSEP)  doyanisganfunasaininalinaiuninsalnd
dunssngrulndavinnisitasigvialslusunsy
Unscrambler 9.8 (Camo, Oslo,
diudeyaann HIS  Aasievinasislusunsy Matlab

R2016a. (MathWorks; Co., US).

version Norway)
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3 Wawazlansal
wansaslinaagigmaiaainlvsalnUounsusagiu
Ind (NIRS)

Tunsadslunarhusussinnveaudadades 9annns
fauvudesHuuazuuvagiiouin lunadidfigaludosiy
\Anarnnisiideyaaunasuisusu (original  spectrum)
4)  winsUTULAINSANnAIER3A1875
Smoothing WUU Savitzky 52uAUA% Second
Derivative WUV Savitzky Golay uaz 35  Multiplicative
Scatter Correction (MSC) u@a3tas1zasialuinalunis
Ve 15 PLSDA Wudn Hilum  face-up Tuiea Tvien r
gegavindu 0.711 wagAn RMSEP winfiu 0.395 laganunse
Aanenudnuniuazbaudsldgnedes 84.85 %
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‘mimmi@jﬂﬂﬁuLLaamaamﬂiNﬂawmanﬂﬁu JEHITERETS

(Figure
Golay

99NN regression  coefficient  l#an33n153AS 2
WUy Partial Squares
(PLSDA) fauanslu Figure 5 finnuenindu 976 way 1150
nm Sleidudseavdonnesanniian dalalndiAssty
(Osborne et al, 1993) "Lﬁﬁﬂamu’jwﬁm’mmm?{u 990
nm - Jlessadradulusiu wez 1152 nm dlessadradu

Least Discriminant ~ Analysis

CH, 9 nduiedaiunadutsudumanuauiin
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Figure 4 Average absorbance of mung beans (HU:

Hilum face-up).

for prediction the orientation

Figure 5 Regression coefficient of model from PLS-DA

Table 1 Results of classification performance of calibration models based on absorbance of single kernel of

mung bean
Calibration Prediction
Measurement Positions Factors
r RMSECV r RMSEP Bias %
T+R Hilum face-up 6 0.654 0.383 0.7119 0.395 -0.1444  84.85
T+R Hilum face-up 6 0.8396  0.2726 0.7947  0.3208 0.0089 92.42
(normalization with
976 nm)
T+R Hilum face-up 5 0.970 0.122 0.965 0.132  -0.0118 100
(normalization with
1150 nm)
HSI Hilum face-up 20 0.993 0.059 0.990 0.070  -0.0003 100

*All models from T+R were developed based on spectra pretreated combination with smoothing points equal to

11, Savitzky-Golay second derivative number of smoothing points equal to 15 and multiplicative scatter

correction (MSC)”

*HIS was developed based on spectra pretreated with Standard Normal Variate.

T = Transmittance, R = Reflectance

r = Correlation of coefficient of prediction

RMSECV = Root mean square error of cross-validation

RMSEP = Root mean square error of prediction

% = Total accuracy in classification

HIS = Hyperspectral Imaging System

1 Table 2 Results of classification performance of mung bean base on hyperspectral imaging system

Number Calibration Prediction
Model Pre-treatments of factors r RMSEC r e o y
v
Hilum face-up 2D 20 0.916 0.201 0.912 0.205 -0.0013 98.28
SNV 20 0.993 0.059 0.990 0.070  -0.0003 100
2D+SNV 20 0.967 0.128 0.965 0.132  -0.0002 100

2 2D = second derivative

3 SNV = standard normal variate
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nan1sas1slunanigmaianisitasziawaunn sy
funsusngnlng (Hs) nmsiesesideyamdadnden
fmawmadan1sitasigrnnadnasudunsisagulng
(HS) wulnduaunasuadonantly Fisure 6 wawiinig
ganduuasiiiuldlugiseueniedy 1196 nm a7
fulszavsanaay (Figure 7) fianueeavilenssziin
10 second overtone, combination Wag first overtone
Yoengu -CH  vadlassaduazdrulsznounisiiudrses
gmsveawaadia Wy uilwazasTulamsndug lodu
wazlusAu (Phuangsombut et, al., 2016; Workman and
Weyer, 2008)

INNTILATIENTBYAAIENATANITILATIENAIN
awnasudunsisngrulng wazlaisusuunsanasuuuu
35 Second Derivative, SNV wag Second Derivative
sauffu SNV wudh Hilum face-up lanma Aifin1susuuss
AUNASULUUAD SNV &A1 r ag RMSEP Wiy 0.990 wag
0.070 Awa1eU (Table 2)
wazdnudsldgneias 100 %

dounlnnadiAignain Table 2 uwiheussamves

TagausafaLenuanuUns

winduTeafisuntangg vudandes (mapping) a¢ldnn
Wiguiguseninaubaunfuavidaudesauansly Figure
8 Fagznuinfinnuusnanafudaey AnuLAnesiAnTY
dunilanainnsgendunasetesdusznoumaaiiiini
g1PAY 1196 nm TiAnuLanestusEniawdauniuas
winuds erarmenedaudl 1196 nm Dlnddesiue
1215 nm 7 (Osborne et al, 1993)l§51891u7 fivas
AUENIAAL 1215 nm 28 Bond vibration 1w C-H str.

second overtone wagdl structure 1u CH,

0.7
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= 0.3
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Figure 6 The averaged reflectance of mung beans.

28

20
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Regression Coeficients

Wavelength (nm)

Figure 7 Regression coefficients PLS-DA model based

on spectra from HSI related to classification

performance of mung bean.

HEsrr fare ap

R
s
.

Figure 8 Classification map in mung bean seeds. The
first and third columns represent defect group and
the second and forth columns represent good group.
The value on the right of figure represents the

classification value. (a) Before mapping (b) After

mapping

4 @3y
nnnTItemematagunlnsalnddunsusagiulng
WUINsARLENEASITELUULAaRen AfinsTauuy
negruswiunsinkuuasyion  laanisleisusuues
AUNASULULTS Smoothing WUU Savitzky Golay AU
WUU Savitzky Golay wag 35
Multiplicative  Scatter Correction (MSC) Wu71 Hilum
face-up lama T9iAn r 11AU 0.711 wazA1 RMSEP iy
0.395 wavanunsavilfaunisiinuududiunniusieds

35 Second  Derivative

normalization Wu31 Hilum face-up (normalization with
1150 nm) luea 1A o winiu 0.965 wazAl  RMSEP
Wity 0.132 @nansafanenwansen (wanuni) wazlal
s0n (wanuda) leignsios 100 %.
dmsumellanisiaszvanaunasudunsisngu
1nd Ui Hilum face-up T AfnsUSULAsUNASY
WUUTS SNV 31A1 r gagaiinfiu 0.990 wag RMSEP iy
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