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$29A2118MAAY 1,000-1,600 nm Winan1sviunedfian Tnslsidduussandnisdnaula (coefficient of
determination, R?) v1f1u 0.978 AIAMNAANAIAUDINTITVINUNY (root mean square error of prediction,
RMSEP) Winfiu 1.616 LLaxd’mmﬁamaqmiLﬁmLuumﬂmiﬁmw (residual prediction deviation, RPD)
Wiy 6,546 auddu Fsanuseaguldiuvudassitianniulinansihusifienuuiugiguard

Anudululanazinluldvinuneusualsenaisvasenanaudielaasa
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Abstract

Thailand is one of the leading producers of natural rubber with about 35 % market share.
The natural rubber is used extensively in many rubber products either alone or in combination with
other materials. The cup lump rubber is made of latex and coagulated in the collection cup. The
cup lump rubber is a raw material for producing block rubber called STR 20 for use in rubber
industry. The price of cup lump rubber mainly depends on amount of dry rubber content.
Nowadays no method or instrument can evaluate the amount of dry rubber content rapidly and
precisely. Thus, the purpose of this research is to predict dry rubber content of cup lump rubber
using compact near infrared spectrometer in wavelength region of 900-1,700 nm. In order to acquire
spectrum, a sample was cut equally into two sections to reveal measurement points on interior
surface. The pretreatment methods such as SNV, the 1% derivative and the 2™ derivative were
applied to deal with problems associated with noise, light- scattering and external effects prior to
implement the regression analysis. The preprocessed spectra were modeled by partial least squares
regression (PLSR), which was used for predicting dry rubber content. The experiments revealed that
the model based on the 1st derivative at wavelength range of 1,000-1,600 nm presented the best
prediction results as represented by coefficient of determination (R?) of 0.978, root mean square
error of prediction (RMSEP) of 1.616 and residual prediction deviation (RPD) of 6.546 respectively.
Therefore, it was concluded that the developed model achieved high accuracy of dry rubber

content prediction and no doubt of utilizing it in the field.
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\ilpY19uiAs (dry rubber content, DRC) Fafly
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waatdninsalny (near infrared spectroscopy,
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JURUUI WU 530S (7] Anwinsldauninsa-
TnT8unsnsngrulng (1100-2,500 nm) Liie
Jias1ERAAInilnvetng1sanLazing ety
wuuldvinane Tagn1siauIluu91a89n1500008
19938 Adeanstioniianuiadiu (partial least
squares regression, PLSR) tieviunednaumila
FanuinanunsaiuneAanunilnveswiiencan
aztenstuldodauiug Tnsanuenaauidl
'Sw%‘wam'aLLumi'ﬂaaqa%iﬁmmmm?{u 1,705,
1,715, 2,280, 2,290 waz 2,310 nm Fadusiusiiu
CH,, CHs, CH,, amino acid tag CH, muasu
m@qﬁ‘wé wawaa [8] Hﬁﬂmwammgmmﬁﬁ
fiionsvihunevsinanilesnuiesiiensdae
watadesdunsuseanlnsalnt Tnadenldyas
mmm’m?{u 1,063-1,333 way 1,639-1,732 nm
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qmwgﬁﬁﬁ 10, 20, 30 W@y 40 °C MUAINU WU
LUUS1aB9 PLSR @nansaviuneusinanilosnauis
IFathauiugdmanunaanaeuLRaY sz
ANRSIkazAYIUIY (bias) 11AU -0.00309 % Lay
manuaamAdeusasslunsigatiiuulyd
(RMSECV) ity 0.331 laggaunillaidavswas
NAN1TYINUNE

Sirisomboon wazag [9] Tginalulad
wadadesdunsisaadninsalnUlunisiesien
Usinaniesnsuisluthenslaensiaiguenanns
Tnenss Tngld NIR gun (Fantec, Japan) finau
817AAY 590-1,090 nm &g NIR spectrometer
(Soma opt., Japan) fiaue1IAdY 1,500-2,500
nm ey lUiiasigdUsunandoensuielneld
WUUS1a94 PLSR nafild o wuusiassaiunsa
¥uneUsunaiiosnsutinnnnisiafidugnanis
W4 2 429A9u81RAY TAvduUsyANYeIns
fmdula (RY) winiu 0.1166 wag 0.1789 AN
RMSECV iy 5.99 waz 5.78 % Ganuinilan
wiugouninilelIsulivuiunisYadit
¥19NW151978 portable spectrometer (Avantes,
Netherland) Tagl#a11ua19Adu 370-1,085 nm
Feldian RZ 11U 0.9741 A1 RMSECV 1M/
1.09 % S?jdﬁﬂ’JWMLLljug’]Qﬁﬂ’j’l YeNN Rittiron
way Seehalak [10] lashawninsalnUdunsiise
gulnalugasanueieay 700-1,050 nm unia
Usinamnadulusiugransiaulngldiedesuuy
WANT WANITITENUINLUUTIADINITONDDULTIE
wuaas (multiple linear regression) fnuzay
Aanldananpfuiiiinisuiudemaiaeyius
Susuiiaes Tavaruisainvsuiannuduly
8195 i uRels Tnefiaiainuaainindou

wnsgulun1siwe (standard error of predict-
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tion, SEP) wagA" Bias fiu 0.32 waz 0.05 %db
AIUAINY

Suchata Wavaag [11] lARNwIA1IHN
USinaumnuduresensioudiouuusinéalaeld
wedafesdursusaaiunlnsalnd fignsnnnuen
AAY 400-1,100 nm #eiFnsTnuuvasioundu
LAaTWAUILUUSIa09 PLSR Lilaviuisusuia
AMUTUYDI89A DAY WUTLUUT sl R?
W1AU 0.98 A1 SEP tM1AU 1.48 % wag bias
WAy 0.02 % AuaRu

UITIAINANITAY WUINISLEnala
anlnsalnUdunsusagrulnaanuisaazlseiiiu
AN NRARSuseINTlAegsgndeuazsIaga
livhanefegna uiliesangunsaidalngiisna
guazilugUassadiAglunisiluldaselunia
UUR ogralsfiny Seldfinenuideiinaasam
USinanfienauieanensioudaefignsninuein
AAW 900-1,700 nm ﬁqﬁuqﬂuiﬁaﬁﬁi’mqﬂizmﬁ
Wewmuuuudaedlagldis partial least square
regression Tuns¥ausinauiiesnuiwesensiou
fresendssaunlnsiimosuuunnnn (compact

near infrared spectrometer) @adisnAluung
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szfemsulsnaniosnaurwewihenmns iy
wasnensfeudienou Inenstitienamnsimas
Tuananeasslfinnurunusednu 2 mm wagtiy
nsaneasindeansdundauainnsanasiaduduy
90 % lugnsndu 10 33 serh 90 37 asly ey
Thheransidusndufeuwasdaimen wdewn
futhleuegevauiouiguund 70 °C u
1181 20 H2lue Wielienansuienazynluds
Yruin frutamidadiutiesnsutave i
§19N15139 Ao SRs1dIuLANTNEN NS0 Use
Yminenaneusu Tngasnnassgn 3 Ass e
Fndruioonsuiaade Fanuidlawyindu 0.4375
A15IATENE1eRDUGIBLUR BN IANE D10
fru5095Utienanist wminenmisiasludae

JSueu 3 du 4 ve9Usunesane Faunndniienn

dmidnve e ilduasfuiamuiunm
Hesnukediaunisd 1 Wsunaniesnsuds =
0.4375 x hwtininegnans) ldnsavlediindeans
dieldenaduindufeu vaesialslvuranneld
waauantJuian 1,3,5 7,9 uay 12 Ju lnglu
LAAZYILIANVBINITNAADIALRT % DRC UB9819
Aoudreannaunisdl 2 [% DRC = (U3unandesns
Wik x 100) + tmtnensiaudae]
nsnnasadayldensieudaetiun
120 fiow uazuusanlu 2 g Ae nguimul
WuUUd1a94 (calibration set) 371UU 90 A8
wagnaunAgauLUUIIaeY (validation set) §1u7u
30 #0619 15197 1 uanstaesAUoddudiile
gananazALeasvesensfeudielunsazisan

YengUiRILILAENAUNAFOULUUT AR

el 1 Weddudiiosuiweenstoudeilidmiumsmnaes

LN UL Wesdudidenauis %) | Aade + Andsauuinasgu

(days) | Calibration | Validation | Calibration Validation Calibration Validation
1 15 5 58.78-61.52 | 59.64-65.84 59.94+0.70 61.11+2.66
3 15 5 64.26-72.11 | 63.64-81.20 67.12+2.15 69.12+6.97
5 15 5 72.61-85.69 | 74.95-86.22 78.62+4.30 80.97+5.18
7 15 5 78.46-93.26 | 77.53-85.67 85.35+4.28 81.32+3.14
9 15 5 77.81-89.53 | 86.10-90.29 85.20+2.97 87.87+1.54
12 15 5 79.57-92.25 | 90.37-90.88 89.27+2.95 90.65+0.20

2.2. nasiiudeyauaznisuiuuds
anau

nsivdeyaalnnsuvesensioude

92149 compact near infrared spectrometer (DLP

NIRscan Nano EVM) &aflvunadniies 58 x62 x

36 mm euiigieaueInay 900-1,700 nm
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gnusuussieugninluldiamuuuiiasaiioan
HAN5NSZAITDLAITuAneTY wardrynyin
sunuifiegluanaiu awnmduazgnuiuuss
AIBN19A19 9 AU 3 35 1euA standard normal
variation (SNV) n3ooyussufufivie (1%
derivative) M%E)aﬂéﬁ'uﬁ‘ﬁuﬁuﬁam (2™ derivative)
[12] w3erhusasdsuldsaufudnsunsinunil
9¢1435 SNV SaufU 1 wae 2™ derivative e
1138nslnasliinadnsvesnisviuedigaiie

PluimuwuUINaed

= ° I 2 v Y=
3U‘V| 1 (5]']LLMuﬂﬂqiLﬂuﬁU@HaaLUﬂmiﬂLN@N’]EHQ

1% 14 < IS
NAUNIBRNUUADITN

2.3 LUUd1a9 93 Ldud 1 nsuiaune
Weoddudidesnutsvasensfoudie
dmsunisinuniazidenlduvusians
BaduiiFoniinisanassvesisidsaetiesiian
U19d2U (partial least squares regression, PLSR)
[13] drudusiuneedifudibosnudavesens
Foude wlesarmdusuusiassfilinadnsnis
Furefialususuadninsalnddunsusngu

1nd Fadunuudiaesiignihunldodininewina
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FULUUYDILUUTIADY PLSR LAAIAIENNITA 3
(y = bX + e) lagluudnaos PLSR axlwiAqy
£ Y 4 1 i £ va
durusIzmINvayadUnAIN (X) Lagauuanig
= a P A o a £
ANYNINAIONIWAL () LD b AD FUUTLENTVDY
A1N190A00Y (regression coefficients) uag e Ao

AuLnapURIUUIIaBY (model residual)

3. Namswmaamaﬁmmj
nsneaeslaldiegaensiaudisainngu
WAUILUUIIADI91UIU 90 F29819 d1mTunIs
WAIUUUD1899 PLSR n15a319uudnans PLSR
LADIABNIIUIUBIAUSENDU (latent variable,
LV) fmsnzaud miuiuusiass San15msiuau

29AUSENAUNVLNLANVDILUUINERIRLLTID cross

v
ada 1 v 1

validation 3935 Uazuusdeyauvuguesniu 2

D7

nau nguusndmivairauudnaes drudnngu
wildlddmsunagounuusiass Fanishesinun
$mnuesdUszneuldiuuuasafituiiazuis
wazfiansaniifesdusznaulaazrlilaaiaing
Ranaiaade (mean square error, MSE) Gléﬂ‘ﬁlijﬂ
osfdsznoutuazgnidenifusuauesdusznaui
WLNZAUTLUUSIE0T (151971 2)
AsRasanaUnaduRasvesefeudle
Tunquilwuiuuudiaes egnufuussteyade
SNV (gﬂﬁ 2b) wuiirrmeTIAAuUsTANA 1,200
nm Fsaenndestunisgandutawesesduszney
fidfyrese1amsndasenaudiewusy C-H Ao
naleleiiu [9] warfiaruenaduuszana 1,600
1,600 nm ?jﬂaaﬂﬂé’mﬁumigﬂﬂﬁuLLm‘umﬁﬁﬂ
Usznausieiuse O-H [6] Sn1swdsuudasesn
Wiuldtasieruduvesenstoudrerasundasly
Fedudmiumuideivenanagldfoyaadnni

WUTI9ANNEIIAAUAD 900-1,700 nm Tun1s



215515 Megmansuasinalulad

T 26 avvil 4 nsngrAx - FemA 2561

o °

WU UUTIa09ka7 Teazasrawuuiianalaely

dayaaiunasuluyieninue1iniu 1,000-1,600
nm @slieyaalnautesausidinseunquaiy
g19AaU 1,200 wag 1,400-1,600 nm F4.Tug299

v W

FUNUSAUDIAUTLNBUVDIENINIS wazkiladain
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]
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(e) nsUFunAsaLUnATIAE SNV + 1% derivative

v

A15NPaRbataNASULRAYUDI8N9N DUN BN
USuussnewthluasiawuudnaes (UM 2) dstiulu
LAAYYIAINUYNIATUILADIAS LU UTIADUYINAU

6 LUUINADY

Absorbance

15§ ; ; ; P
1000 1100 1200 1300 1400 1500 1600 1700
Wavelength (nm)
(b) n1sUSuwEsEUNRT A SNV
%107

Absorbance
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(d) nsUsuussatUnasuale 2™ derivative

Absorbance
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Wavelength (nm)

(H n1sUsvanasuumane SNV + 2™ derivative

UM 2 anasuSusiuiazn1suTuusianndingeng 4 vamnauimuiwuudigaes
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Calibration set Validation set
Wavelength range (nm) | Spectra pretreatment | LV

R? RMSEC RPD R? RMSEP | RPD

None 15 | 0.996 | 0.678 16.352 | 0.975 1.711 6.306

SNV 14 | 0.996 | 0.672 16.506 | 0.976 1.703 | 6.451

15t derivative 12 | 0.995 | 0.807 | 13.737 | 0978 | 1.616 | 6.546

1,000-1,600

2" derivative 6 | 0.986 1.312 8.408 0.952 | 2.383 | 4.287

SNV + 1°t derivative 10 | 0.994 | 0.837 13.236 | 0.971 1.857 | 5.714

SNV + 2" derivative 8 | 0.992 | 0.996 11.110 | 0.947 | 2.504 | 4.190

None 16 | 0.992 | 0.996 11.471 | 0.950 | 2.445 | 4.354

SNV 5 1 0.986 1.297 8.505 0.964 | 2.077 | 5.006

15t derivative 13 | 0.992 | 0.957 11.564 | 0.963 | 2.103 | 4.928

900-1,700

2" derivative 12 | 0.987 1.272 8.678 0.950 | 2443 | 4.301

SNV + 1%t derivative 10 | 0.992 1.019 10.861 | 0.964 | 2.071 5.072

SNV + 2" derivative 12 | 0.992 | 1.005 | 11.011 | 0.965 | 2.038 | 5.076
1 gn 2
CR? = ] ZimOim90? _ /1 N (v 02 - I I )
nuUYLNE (R = 1 SO RMSEC or RMSEP = n2i=1(3’t $:)% ; RPD = YT len ;

e vi=9)?

Vi, Vi Y WAUTIUIUAIOE1 A1919D AIAINNNTINTUNYDIAI08199 | LazALAAEUDIAID19DIUDS

nANTRIL VT ENGUNABULUUTIEDY AUEWY

nsnegeuLuudaeszlidoyaaunnsy
\dpainenafeudieianguimuiuuudiaes
377U 90 F9Y1T LATNFUNAFBULUUTIABY
112U 30 29819 AINUAINITANITHIUNY
Wesidudidosnaukmesuuassgnisuiiey
f8A1 R%, RMSEC, RMSEP wag RPD LandadnIsIe
72

nans¥ulsesidudiidosueves
LUUSa0sluLAAZTI9AINE1IARUNUTT 1S
§29A21U819AFY 1,000-1,600 nm wUUII@09T

£%

Tayaaunniugnuiuudedieds 1% derivative
Winan1svinutgNananaigd1 RMSEP Lvinfiy
1.616 wazdA1 RPD WINAU 6.546 WALAINSUL

AUE1IAAY 900-1,700 nm wuuItaesiivoya

701

£%

alUnniugnuiuusenieds SNV saudu 2™
derivative Wwamiﬁmwﬁaﬁqm’ham RMSEP
WA 2.038 wazilAn RPD winifu 5.076 deaziiiu
g uuusiassigaddiin RPD 1nndn 5 uanei
LﬁuLLUUﬁTﬂamﬁﬁUixﬁwﬁquq [14] Taguuu
$raesiilidoyaaunniuludrsninuenindy
1,000-1,600 nm azl¥ran1sviunefianitlugig
AINE1IAAY 900-1,700 nm 1T U1z lugas
AUE1IAAY 1,000-1,600 nm L1 utaeAIue1)
AAuRieIRUsENeUYRILIABURY Ao Tnazens
sysumAganaunduLatldd 37 3 uanansiuieu
WfouAnUesidudiionnaufaass (reference
value) wazilosidumiilosaudtefiviaurgann

WUUI1a99 (predicted value) U99LUUINGDINA
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nanlundazdnnnugnefudmiuninguiau
WATNAADURUUIIADY TaaziiulainLuuIaned

Titeyaanmiulutasaiugindu 1,000-1,600

85

80 -

85 -

@
5]
T

Predicted value
~
o

55 80 85 70 75 80 85 90 95
Reference value

(@) nauiRwuuTaediouFuum
anniusig 1% derivative dwiu

$13AE1AAY 1,000-1,600 nm

© ©

o o
Oé

Ob\

@

[
T
O

@
o
O
o
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