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Abstract

This research studied prediction of moisture content of sawn timber Hevea wood by near infrared
spectroscopy using Fourier transform near infrared spectrophotometer in a range of 12489-3594 cm™ (800-2700
nm) in diffuse reflectance mode. The predictive models were built by the partial least squares regression (PLSR).
The result showed the spectra pretreated with second derivative yielded the best performance of model with
coefficient of determination of prediction set (Ry’), root mean square error of prediction (RMSEP) and residual
prediction deviation (RPD) of moisture content equal to 0.945, 4.13% dry basis (%db) and 4.55 respectively. Using
near-infrared spectroscopy technique to predict the percentage of moisture content of fresh, treated and oven

dried sawn timber Hevea wood offered a rapid and non-destructive measurement.

Keywords Moisture content, Sawn Timber Hevea Wood, Near Infrared Spectroscopy
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Figure 1 Grades of oven dried sawn timber Hevea wood
a) AB grade b) C grade and ¢) P grade
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Figure 2 Measurement of sawn timber Hevea wood
using a) near infrared spectrophotometer and b) the 4

positions of measurement
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Figure 3 Measurement of moisture content using pin

moisture meter

% moisture content =——2 <100 (1)

24 MIWATISHAIN NGOG
ihfeyaridesifuiamuiunasaaeudeyafiinung
(outlier) ¥84A1919891A 1AL INTFIY (standard
score ; 7) 09AUodSuAANT Ll 1aN) Ewnne Z
11NN71 3 wsetesndn -3 fe3du outlier (Meier, 2014)
nduhandedidudmnuiuniinssieuuansises
Anadeluusaginsalivesiiognalionsmaudssusia 3
g #2835 One way ANOVA uazid3suiiisuantade
LU@%Lsﬁuﬁﬂmw'ﬁ”uvLﬁEmWﬁwLLUigindei’iﬁwﬁqsﬁ%mi
audounuuasgu uagn1sliiedesdioTaidemndyduuy
WFunenaae3s T-Test aralusunsy SPSS version 11.5
mﬂﬁ?uﬁﬁa;&aaLUﬂmmwmnaaummﬁmﬂﬂ@maﬁaaﬂa
1n8n153LAS189A875 Principal Component Analysis
(PCA) wéthdeyaalunasinisganduvesnasisuduuas
anasiiinyhnsususssdaeiineadnaans dae3s
First Second derivative,

Smoothing, derivative,

56



Thai Society of Agricultural Engineering Journal Vol. 24 No. 2 (2018), 54-62

Multiplicative scatter correction (MSC), Standard normal
variate (SNV) sts L ileAnw1idseuiiiavaunisiiuied
Tinsrghadisnnanasisudusaranasiiifinisan
SvSnatidmansenuseaunady wazann1sNILIWeILEL
Mnduutsteyanenu 2 ndu Ae nguilldadrsannis
yiune (calibration set) $1uu 223 dreg1e uaznguillily
NSNAFBUANNITV1UY (prediction set) 31U 103
o813 9niuldTusknsu The Unscrambler 9.8 (CAMO,
USA) adaunsvhuneandesifudanutiy #ieds Partial
Least Squares Regression (PLSR) i u U Full cross
validation sedeyalunguiiairsaunisiuielasinisg
mnunbirinisgandunandudiulsdassuarAnvosidud
aududusudsn Tnefiansandaussaurveaunis
vrurefiafignainAinneadd Ae A1 Coefficient of
determination of calibration (R") ##fas wage1 Root
mean square error of calibration (RMSEC) fisienan a1niu
dolfaunsvinneudimsmageuaunmsinnesedoya
Tunguillinaaeuauns udriarsaneiaussaugnisiiug
1NAINI9E0A Ao Coefficient of determination of
prediction (Ry) ﬁﬁﬁhq\‘l A1 Root mean square error of
prediction (RMSEP) 7ifiA141 waz e Residual prediction
deviation (RPD) ﬁﬁmqa Far RPD 119 n8msdusening
Standard deviation (SD) ¥84n§UN15% 11Uy AOA
Standard error of prediction (SEP) FeazlHusTinnany
waiuglunisvinurevesaunis lnedminian 0.0-2.3 &
mmgné’aﬂumsﬁwmaeﬁ"mm Tyl 2.4-3.0 &
augndeslunsiuned anunsaulsssduUsaildeds
w81y, 3.1-4.9 fiaugndeslunisiuieuiunas awise
wusseaudsunale, 5.0-6.4 ﬁmmgﬂéfaﬂumsﬁmwﬁﬁ
a1unsaUsvendldiunisaiuauAmnIn, 6.5-6.8 da11ugn
#odlunsviunedidun awnsoUssgndldfuniseuay
A3YUILNNT uay 8.0 TulU finugneeslunisviuieeen
Bew Uszgndldlaiunnau (Williams, 2001)

3 wauazdnsal

1NNTNTIEDUAURAUNR (outliers) vosAaUNATH
ﬂﬁ@mﬂﬁuumﬁlﬁmﬂm%q FT-NIR MPA #2835 PCA WU
fiaulnUnfvesduaunasy 1 fegs wasdlonsivdeu
anuAnUnRvesAlesiiuiautuandegdliionamn
wU33URenua wudLUafidudauduiiiaund 1 a1
Hiesnnedifudanutiuiinsiaaoutiuiial Z aindn -3
Fatunnsnetsethaiavan 328 ogns wWiethiegrediil
AnuRnunfeandundesiagrailimseinesiuiy 326
9814

57

31 wamsimsimianesifudauiuliermsuysy
navasALUDSduiA Ll uUs3U 1n3Bns
mmm%uﬁaaﬁﬁaumummgm (ASTM, 2000) WaAIA S
Table 1 nuinldiianuunnssvesAnUesidudanuiu
\2A8UUNTA AB, C LAy P vadldeamisuussvan uaglyl
finnuuand1esrUodifudanutuadevensa AB, C
ua P vaslifonamnsudsguitaneuiu (euilgayd 45°)
pg1efideddyn1eadffiseduainuideiiu 95% wag
Wesdudanuduluinse AB, C uar P vadldonanisiuys
sUouustinauansnsegaiioddy oswhesegnalil
g1an131uUsgUouL Rt undannlsudeslfviinisouan
AuaulFdAIng1 129%db 1wa aggnihuniusnwly
Tnsis Fausuifiuinutuennaanunsalwadeuls il
AnuTuvesfiegslionsnseuntianunsaasundadle
AABALIAIALENINANNTUIYEINA (Ratanawilai and
Nuntadusi, 2012) aziulddrluinse C Juenaiinisifu
Snwneud g idunaigiuiuniunge P uay 1nsa AB
pruady dewaldliingn C Sandefidudanudugendn
LN5A P LAz 139 AB muaausgiitudAgnsana Azt
Aoulsadessmhedwndudosdinsnsvdeuniesidus
AuTudsudwouaui FsAodidudanuiuliisnms
wssuandianediduinnutuoglurag 43.45-68.19%db
Iyamsuwdsguouuiaiameglugg 5.73-12.57%db uay
fonsmsudssuitanannudu (eufiguyd 45°0) fidey
Tut29 16.52-48.39%db 73 Table 1
idlevhmsnadeuIuiisuanadsvesledifusinnuiy
M35 T-test ludiagneliionanisudssuseningdsnism
Wedidudanududenisevanieuniuisuinigiu ASTM
(2000) Funnsldiedesinaudusuudunen nuiinisin
Anadsvonladifuianutiuredsionsmnaulsgouut
5u1ﬂﬁmmLmﬂﬁmﬁuaﬂwaﬁﬁaﬁﬂﬁ’mﬁisﬁumﬂm%aﬂu
95% duAnndsroadefifuiaruduliionmnsulszan
LLﬁz"LﬁtJNWWﬁLLUSEUaﬂﬁQﬂammmsﬁu JAMULANANDES
fifudndays Table 2 lasanlunslfiniasinauiuuuy
Fumentiy desinmsaeniilnsvasluluduweaiels Fdly
megsliiensmnsudsgleuwislainisnauiuinulidu
svpvnamiaud nmeludleliifanuduiiliiu 129 vils
flanutuasiaue i atuiiogng waildl1audsguan wag
lﬁSWQWWSWLLU?EUﬁQﬂaﬂﬂ’NﬁJ%uﬁ?u UShafinvesiiegnsd
FuifaruenniaviiliiAnnissewevesauduldanindiu
sruluvesdietng vhlndensnimlnsudilulusograudy
yeeiilnsuevedlndiuuiinaveuvesiieg1vinlviin
auaaiandeuls egelsinunisinszianUesidud
arwuliimnsuussulngliiteunuinnsgiu wagld
i3osinmutuuudunendrudunmsianediodals @
vilildanansathfegnaiulusmedels



MsEsanAIfNsIINYAsisUsEAlne I 24 atufi 2 (2561), 54-62

‘ﬁamLUai%uﬁmm%ywuaﬂﬁaasmlﬁsmwwmwisﬂm
wiseanidu 2 ﬂan Gh) ﬂam calibration way ﬂa:u pred|ct|on
Imaﬂ,mmmmmaiwummwmumam GG ALady waza
Deauuinnssu 9 Table 3 suﬂuﬂqu calibration ladin1s

fndoyamogsiifanesifudanuiudian uazgegai
AsBUARUTLTINITUgN AsaunquinTalsl wagadululyl
gensulsgUannazuis elildnsiuneiinseungquen
Wosidusanudusismun

Table 1 Descriptive statistics of moisture content sawn timber Hevea wood of standard method

Moisture Content (%dry basis)

Types of wood Grades Number of Samples :
Min Max Mean=+SD
AB 29 44.05 67.34 55.22+5.50°
C 28 48.24 68.19 55.41+4.16°
Fresh Wood a
P 11 43.45 62.84 52.34+5.05
Total 68 43.45 68.19 54.83+4.97
AB 92 573 12.57 7.92+1.44°
Oven dried C 92 7.68 11.98 10.06+1.17°
Wood P 32 7.40 11.04 8.89+0.80"
Total 216 573 12.57 8.98+1.59
AB 14 16.52 44.27 29.55+8.57°
C 14 16.96 48.39 29.4+8.19°
Treated Wood s
P 14 20.69 42.40 32.17+6.98
Total a2 16.52 48.39 30.37+7.85

Different superscripts in the same column indicate that the values are significantly different (p < 0.05) by Duncan’s

multiple range test.

Table 2 Comparison statistics of moisture content sawn timber Hevea wood between standard method and pin

moisture meter

Moisture content (%db)

Type of wood Measurement method P-value T-test

Mean+SD
Standard (ASTM, 2000) 54.83+4.97

Fresh wood 0.0000 *
Pin moisture meter 41.74+3.26
Standard (ASTM, 2000) 8.98+1.59

Oven dried wood 0.1685 ns
Pin moisture meter 8.79+2.30
Standard (ASTM, 2000) 30.37+7.85

Treated wood 0.0001 *
Pin moisture meter 35.52+7.18

* indicate that the values are significantly different and ns indicate that the values are non-significantly different (p

< 0.05) by Student's t-test

3.2 aungsnsganduuasiveslde s Tudsyy
HAINN1TIAAUNATINITAANAURAINAIINATIAAN
alwnnsinisaandunasvesldensnisiwdsgunuiinis
aanduuasiadsvesliormisuussuaniiaiganiinig
aandunacadsvedldorsnniuussUounieds Figure 4
way Figure 5 atUnasiadefiusunnadie Second
derivative wansfvdninavostihifogluliormnmuusgy

Feanunsafiufinfiriutaiisumiseniusy OH venifiay
ﬂa‘lu 7004 cm’ (1428 nm) wag 5215 cm (1916 nm)
(Fujimoto et al,, 2010) Feaziiiuleindnisganduvesls
gNNTUTUan "L;J*emwwmLmﬂgﬂﬁngﬂammwmu wazldl
g19NTIUTFUBUL Aaldsu wenntudunsduves
Wuse CH fiauadu 4420 cm™ (2270 nm) (Fujimoto et al,,
2008) waz 4019 cm™ (2488 nm) (Osborne et al., 1993)
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Table 3 The calibration models of fresh wood oven dried wood and treated wood using PLSR obtained for moisture

content.
Parameters Group Data set Number of Samples ~ Min Max Mean+SD
Calibration set a7 43.45 68.19  54.99+5.36
Fresh wood
Prediction set 21 46.17 63.21  54.49+4.03
. Calibration set 147 573 1257  9.02+£1.59
Oven dried wood o
Moisture Content Prediction set 69 6.17  11.69 8.88+1.60
(%dry basis) Calibration set 29 16.52 48.39  30.59+8.27
Treated wood o
Prediction set 13 18.39 42.07  29.90+7.11
Total Calibration set 223 573 6819 21.51+19.17
ota
Prediction set 103 6.17 6321 20.83+18.74
7 3.3 WaNIIFINaUNISINIEATETITUA AT Ve alsl
I = & gNNITMY5IU
— ~ Lo n1sadsaunsyuneesidudauiugaindeya
=T : S ES § AUNATIYIITINIAUAAY 12489-3594 cm ' (800-2700 nm)
p: 1 ‘ . -' ¥ 5 (7 J ¥ ac a I3 1
= :-_ ; J \I_ZI 13JEJNW’]§’WN‘V1§J®1J’]‘U§ULL@Q@’JEJ’]SV]NV‘W@JWW]HW?WU’N n19
ke o = \‘\ v USUuAIA2835 Second derivative WUV Savitzky Golay
ks . i ‘

Figure 4 The average absorbance spectra of fresh wood,
oven dried wood and treated wood of the sawn timber

Hevea wood.

(An19

CH

Figure 5 The average second derivative of absorbance
spectra of fresh wood, oven dried wood and treated

wood of the sawn timber Hevea wood.
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ae Figure 7 dlefiasanduusyansnisannes (regression
coefficient) lu Figure 8 il 1un15USULAHI873 Second
derivative WU @updufl 5176 cm™ (1940 nm) Hunis
fuveeusy OH 19911 (Osborne et al,, 1993; Fujimoto
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(Schwanninger et al., 2011) ‘Tjﬂmiﬂﬁ'Uﬂ’lii’]ENWu‘UEN
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Uszneusie 1waglaa anflu wa Lefiiwaglaa 99 Hodge
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Table 4 Statistical data of PLSR models obtained for
calibration set and prediction set of moisture content

Calibration Prediction
Pretreat RMSE RMSE
ment R’ C Ry’ p RPD
(%db) (%db)

0.9

S 4 3 5.26 0.91 5.58 3.36
0.9

Abs 4 3 493 092 5.20 3.60
« 0.9

1 2 3 496 092 531 3.53
nd 0.9

2 4 ¢ 3.64 095 4.13 4.55
0.9

MSC 3 4 4.58 0.94 4.55 4.13
0.9

SNV 3 4 4.58 0.94 4.57 4.10
y 0.9

S+2 3 s a4.27 0.94 4.54 4.12
S+MSC+ 0.9

o c 412 095 4.22 4.43

LV, Latent values; Abs, Absorbance; 1St, First derivative;
Z”d, Second derivative; MSC, Multiplicative scatter
correction; SNV, Standard normal variate; S, Smoothing
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Figure 6 Plot of reference versus predicted values from

calibration set of moisture content.

Figure 7 Plot of reference versus predicted values from

prediction set of moisture content.

Fisure 8 Regression coefficient plot of PLSR model

based on second derivative of absorbance spectra.

60



Thai Society of Agricultural Engineering Journal Vol. 24 No. 2 (2018), 54-62

ogdlafimulionemnsuussuillsadosdieandudul
g19n131udsgUouLie Fadudsldianizdegiald
g19an15 U U U asaun1siueesidud
arudulnefinisusuusisinsgandusaeiBmeadinmans
M358 Second derivative Wulinan1sas9auNITINUY
A1 R Wiy 0.89 wagA1 RMSEC iy 0.53%db ¢i9
Figure 9 @fiAn15¥iune R.2 Wiy 0.80 wazA RMSEP
WinAu 0.70%db 74 Figure 10

Figure 9 Plot of oven dried wood of reference versus
predicted values from calibration set of moisture

content.

Figure 10 Plot of oven dried wood of reference versus
predicted values from prediction set of moisture

content.
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