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nuAteilfnwnMsUszgnfldinadeaninsalnBBunsnsagiulng (NIRS) dmsunisdnuensrsmausiusuauiidy
msgnsanaTinuaznIAgaTiain MegreenemnsuEusuATuuinnsgendulatLuUasiouvedll lngauns calibra-
tion TwsnzanldnsiasieRiuuy partial least squares discriminant analysis (PLSDA) fn1sUSuudsaiunasudaeds
Smoothing WUU Savitzky Golay $2uAU3S Second Derivative (2D) WUU Savitzky Golay kag 75 Standard normal vari-
ate (SNV) Tnefingusaognei 1 ldanaduudazgadau 240 awnadu (Fogisas 3 anedi) wazngudiesned 2 10y
mMshaUnafuresssInTwiazLiY 3 anasunnanadedu 1 anns $1uau 80 awnndy nuitlueaildanndy
Lwiazﬁmﬁmumﬁ Srnoothing $3ufU SNV way Tuwmaiildanafuade fin1uns Smoothing $auffu SNV-ave T 1,
(Correlation coefficient of prediction) gegatviniy 0.784 uag 0.817 1A Root mean square error of prediction
(RMSEP) #inffu 0.311 waz 0.300 audsu Tnganunsadauensiegrseansfidusadiensanesiin waznsadaiasnle
QNABY 92.92% Wag 95.00% AUAWY

AAIATY: B1NNTINLIUATY, Bunssegulng, n1sAauen, nsanesiin, nsadaiain

Abstract

This research studied application of near infrared spectroscopy (NIRS) technique for classification of Para
ribbed smoked sheets solidified with formic acid and sulfuric acid. The Para ribbed smoked sheets samples were
taken for absorbance measurement with reflectance mode. The optimum NIRS calibration equation using partial
least squares discriminant analysis (PLSDA) was based on the spectra pretreated with Savitzky Golay smoothing
combined with Savitzky Golay second derivative (2D) and standard normal variate (SNV). The first sample set was
from spectrum of each measured point totalling 240 spectra (three spectra from each sample) and the second
set consisted of the average spectrum from three spectra from each sample (80 spectra). The results showed
that the model based on each spectrum pretreated with smoothing and SNV and the model developed from
averaged spectra pretreated with smoothing and SNV-avg gave the highest r, (Correlation coefficient of predic-
tion) of 0.784 and 0.817 and root mean square error of prediction (RMSEP) were 0.311 and 0.300, respectively.
The classification accuracy of the Para ribbed smoked sheets solidified with formic acid and sulfuric acid equal to
92.92% and 95.00%, respectively.
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Figure 1 The positions of measurement.
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Figure 2 NIR spectral acquisition of para ribbed

smoked sheet in reflectance mode using NIRscan
Nano EVM (Texas Instruments, Dallas, Texas, USA).

2.3 MINATIININAGR
ihieyamsgandunasnasaaeusiadeyaiinnunise
75 Mahalanobis distance uazaanansznuaINdadenis
Meam Wy Shuawiuivesiedns Addeaunnduns
AANFURAINBUININIATIENN  NISNTETWUE NTan
dyaisunIu (noise) N13N1AA Baseline shift wazlen
wovaneduiideurtueanainiu FEIBANNE LU
Smoothing WUU Savitzky Golay 35 second Derivative
WUU Savitzky Golay 35 Standard normal variate (SNV)
uazid

7% Smoothing $AU  Second derivative

Smoothing $AU SNV

MTiATIziiioa saun1TS LU NGULUIFBE
sonifunguuediustudmivasvaunisuaznqunaaoy
aun1seieduIumIegiiu lnedmualvdiegiangy
grannsidufensanlosiindandu 1 uagieesidy
dshensadaiiiiniandu o Fdlunduitansivsdifegne
fnsanesiinuaznaunsadailisnsiwedmeiu lneingy
feensil 1 1dannduudazgadiuam 240 anedy (nsn
Wosiin 120 awnnsuuasnsndaiiasn 120 awnasy) was
nguogei 2 iunshanafuveserssudasusiy 3
anafuumanadoidu 1 awnedu aglddiuau 80
awnadu (nsanesin 40 alnasukaznsadaiain 40
awnedu) deantuiidedislunguuniiusdumiaing
aun1sdwunngu lngldinailla Partial least squares dis-
criminant analysis (PLSDA) sae1Usinss Unscrambler
version 9.8 (Camo; Oslo, Norway) sﬁaﬁ%umaumﬁauﬁ’u%%
PLSR 9)nUszn1s fnefuiiluds PLSDA Wumsvinneangy
2 NgY wnuAMILAT AULsugIvesaNnITLARIUTTY
finsananduaudiegrsivihunenguamninlignios
Wisuifisufufessiamunvesiaogislungunaaey
aun1s Tegfiansanainadaudsieadanldainaunis de
Correlation of coefficient of prediction (r,) Root mean
square error of prediction (RMSEP) kag AU A31Y
gnaadlun1sIuunngy

3 wawaziansal

nan1sas1limamsmadaaunnsalnUdunsisngu
1né (NIRS)

TunsadraluwarueUssiamen s swiusua Jufisu
fmensadseliaiu Andeyanisganiunasuuvasviou
o1 Tuinafiffigalneds PLSDA wuy Full cross valida-
tion 1An N5t TeyaaiUnafuEudy (original spec-
trum) 113pseiad1slumalunisviiune nud lueadild
anpduusiazaad iy 240 awnniu Tasluna e
13 Smoothing $3U SNV A1 r, gegawiniu 0.784 &
A1 RMSEP 117U 0.311 laga1unsafanennsanasiin wag
nsndaiii3nlagndes 92.92% wazlumaildanasuade
1NNTUIAUNATUVDINNITILAAZUHY 3 ALUARTULIMN
Anadedul awnndy agldsuiu 80 annfuudaiily
a$aluaa 7iH1unns Smoothing $afU SNV-ave 15 r,
gegawiniu 0.817 de1 RMSEP wiriiu 0.300 laganansadn
wunnIanesin waznsadaiia3nlagnees 95.00% (Table
1)

16



Thai Society of Agricultural Engineering Journal Vol. 25 No. 1 (2019), 14-18

0.006

0.004

0.002

-0.002

Second derivative
o

-0.004

-0.006

900 1100

Formic acid

sulfuric acid

Tll?O

1300

Wavelength (nm)

T 1360

1500 1700

Figure 3 Second derivative of Para ribbed smoked sheets solidified with formic acid in comparison with sulfuricac-

id.

Table 1 Results of classification performance of calibration models based on absorbance of Para ribbed smoked

sheets solidified with formic acid and sulphuric acid.

Calibration Prediction Number of Number of
misclassified misclassified
o o Accuracy
Model Factors sheets solidi-  sheets solidi-
r RMSECV s RMSEP : ] ; ) (%)
fied with fied with sul-
formic acid furic acid
Smoothing+2D 1 0.520 0.427 0.502 0.432 37(120) 32(120) 71.25
Smoothing+2D-avg 4 0.891 0.227 0.686 0.368 3(40) 4(40) 82.50
Smoothing+SNV 9 0.829 0.280 0.784 0.311 14(120) 3(120) 92.92
Smoothing+SNV-avg 2 0.857 0.258 0.817 0.300 2(40) 2(40) 95.00

All models were developed based on spectra pretreated by the smoothing (11 points) and combined with sec-

ond derivative (2D) (number of smoothing points 9) and Standard normal variate (SNV)

rp = Coefficient of correlation of prediction
RMSECV = Root mean square error of cross validation
RMSEP = Root mean square error of prediction

% = Total accuracy in classification

avg = The average spectra from three measurements on each sample

120 = number of spectrum (40 sheets x 3 positions)

40 = number of the averaged spectrum for 1 sheet
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Figure 4 Regression coefficient of the best PLSDA
model for prediction of Para rubber sheets solidified

by the formic acid and sulfuric acid.
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ANUE1IAAY 1440 nm H01399:LARAN First overtone
¥9angu O-H structure vaslassaiiauwds (Phuangsom-
but et, al., 2016; Workman and Weyer, 2008)
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