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Abstract 

This research presents a system for classifying moisture content of rubber cup lamp 

by spectroscopy. This considers the effects of the samples of rubber cup lamp to the light 

with wavelengths of 350 - 1000 nm. The system including a light source, optical devices and 

an image processing unit provides the light spectrums with the moisture content obtained 

from the standard measurement. The spectrum of visible light shows a significant relating to 

the moisture content. This categorizes the sample of the rubber cup lamp into 3 groups based 

on their moisture content by neural network analysis with 91% accuracy. There are further 

analyses referred to the moisture content. The group of high moisture content takes the slope 

of the spectrum between wavelengths of 750 - 850 nm to classify. This shows the error of 

classification of 4.40 %. In the group of low moisture content, the slope of the spectrum of 

wavelength in interval of 390- 420 nm provides the error of classification of 11.7%. This study 

shows that the moisture content causes the variations of light. The analyses in the groups of 

the moisture content levels can provide high precision of the classification. 

Keywords: Rubber lump; Spectrum; Moisture content; Classification 
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2.1 ~~~.:J~~~::fU\.I,U.J'U~'!IB.:!~~~.:J (Light and properties of Light) • 
2.1.1 LL?f'l (Light) f1v nTHL~~'I~mJLvt~n 1 '\"Jvh 1 '1..1'1l1'1fi11:Ucn1fl~'U~G11:UTH1:Uv'IL ~tJ~-;w~mtJ~1 

(Visible light) ·n:ufi.:~nT~L~~~'I~mJL vt~n 1 '\"Jrh1 '1..1'1i1'1fl11:UE111fl~'U~'ILL~ ~'I~~'U'\"J~1~ ~~ (Infrared) fi'l~\1~ 
eJ~~~1111m~~~1t1 flW?!:Ulli\~'U~1'U'Uv\ILL?f\ILL~~'Uv\ln1~LL~~\I~~~l.JL V!~n 1 '\"J~1l'ln'1i1'1fl~'U 1~LLrl 

, - ' 
- fi11:ULoU:U (Intensity) vt~mLv:U~~~~ (Amplitude) ~\IU~1n{)LLrl?f1tl~111'4~t11 '1..1~'\.J fl11:U 

?~11'1'1Jv\ILL?f\l 

- f111:U~ (Frequency) V!~vfl11:Utl11fl~'U (Wave length) ~\IU~1n{)LLrl?f1tlm:U'4'trV 

1 'I.J~U~'llv\1 LL?f\1 
" 

- 1 ~m 1 Wlli'U (Polarization) Av Vifll'11\l'llv'l?f'U1:U 1 '\"J~1 (Electric Field) 'llv'lfl~'ULLl4Lvt~n 1'\"J~1 

(Electromagnetic wave) LLU\ILU'U 3 LLUUV!~n1 AB 1~mhiL:a'IL~t.! (Linear Polarization) 

61'1..1 1111 '\"J~1 v EJ1 '1..1 LL '1..11 L~ tl1 ~~ v ~ L 1 ~ 1 n1~ Lfl~ v'U~'U v\1 fl~'U 1 ~~1 hiLL UU1.:! n ~:U (Circular 
" 

Polarization) LL~~ 1~mhiLLUU1\I~ (Elliptical Polarization) vl'ILL?f~'I1'U~tJ 2.1 

z z z 

X y X y 

0 ld "' 'i 1 "' .. ~ul'l 2.1 ~n~ru~n1~b~m Wl!'ll'U'Uv'lfl~'U LLUU Linear LLUU Circular 

LL~~LLuu Elliptical ~111~1vi'u (LLn'l..l x f1v ?ftJ1:u1'\"Jw1 LLn'l..l Y 



~lJV1VIll LL~ 'l ~flru~:w'U1J'V11.flTJ:! mhJAB • 
- Lb~'ILU'Wfl~'W (Wave) LL~~bU'Wfl~'WLLll LVI~n1Yh'q1 (Electromasnetic) bV1V~~:!ti1'U 

I trsiu•uv~~'U1:W Lbllb Vl~nl't~u1 nn\.J1:!l.J1Un1"Si'W'U eN ~'U1:W 1 YIYh Lb~:!~\101 n nuVil'l 

"""' d 
flrur.=1:W'UI'l"!..B~fl~'W • 

- bb~'l bU'Wm~mfl (Particle) LL~~bU'UflB'W'W~~~1tl~ fh'W~~~1'W E = hf bVlV~ h AB 

A1fl~vl1"!.1B'l'W~~A (Planck's constant) YJA1Lvhnu 6.62606957xl0-34 m 2 kg Is 

bb~:! f ABfl11:W~"!..B'l bb~~ b~VnB~.fl1mL~'l111 YII'IB'W (Photon) 

2.2 fJWa:uu~"!..v-:JI.I.a-:~ (Properties of light) 
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Lb~'l"'il:!~~ru~:wu~~~1Aqj 4 -ifv 1vi'LLrl m~b~ti'V11'1LU'W L~'Wm~ (Rectilinear propasation), m~~n 

LVI (Refraction), m~r.=1:!~eJ'W (Reflection) bb~:!m~m:!"'il1V (Dispersion) 

L~tJ LLr.=1~ Lfl~tl'W~ ~1'W n~:Wfll'WVI~Bc:Jtl~:! tJtJ'l "'il:! L ~tiL uuci'1 L~~'~ L~'W ~'~~ '~ LL~:!r.=11:W1~fl'Vl:!~ ~1'Wll'l fl1vi' , , , , 

ll'lfl~VtJ:W1~LL~~Lfl~Bt1~~1t!LU'UL~'Wm~hJ1vi',!t! L~1L~Vnll'lfltll1 ll'lflhl~~1~ L'lf'W Lbtl'J B1n11"1 tl1 bUt! • • • 
~'W ~1Lbr.=1'1Lfl ~eJ'W~~1'Wll'l~U1'l'lli1V1LL~'J LfiV1m~m=1"'il1V "!..B~LLr.=1~BBn 1 u 1V1v~Bu v111 ~LL61~Lfl ~B'W~1:W L Uti 

L~'Wm'l L~1L~vn11'lfl,Ytl';h ll'lflbU~'ILL~'l L'lit! m:!"'iln~1 m:!V11~1'1l wm61~n~1 LU'W~'W ~ 'J 'Wll'l fl ~1:WvmJ . ' . 
1~LL~~ Lfl ~tJ 'W~~1t11u1 vi' L~1 L~vn11 11'l ~ ViuLL61'1L'li'W ~u~flB'W n~l'l m:!V1 1~LL~'IVI'W11 LU'W~'W 11'l~ViuLL61'1 

"'il:! ~:!~tl'U LL61'1U1'l ~'J'Ubb~:! Vl Vl n~'W LL61 '1U1~~'J'U 11v111 ~ btlVl L'l 1~'U 
" 

2.2.1 m~b~ti'V11'1LU'Wb~tlm~ (Rectilinear propasat ion) AB ~ru61:wu~m~Lb~n~:!"'il1V"!..B~fl~'W 

( Lfl ~ B'W~VI~tlfrJ:!"'il1V) 1 u~n~ru:!~LU'WL~'Wm~ (Straisht lines) 611~1 um~ Lfl ~tlti~"!..B'lbb~'l"'il:!~'WB~nul'l1 
l?l'llum~~mVI (Refractive index, n) 6/t'li'l'lfl~~l?l'llum~~mvhnu LL~'l "'il :!L~ ti'Vl1'1~1'WLU'W L~'Wm'l 611:W1':ifl • 
~·nrhl?l'l~:Wm~~tl 1 ud 

c 
n=­

v 
(2.1) 
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~'Jmn.:J (Material) Viaru'VI.nij 1 oc fl'J1:1J~tJ 1 atm 
' 'IJ 

e:nml"l (Air) 1.000293 
1---·-

L"''l'll'l (Diamond) 2.42 

'111 (Water) ~fH1J'VI.nlJ 20 oc 
' 'IJ 

1.333 

LLtl'J (Glass) 1.52-1.62 

2.2.2 m1.Xmvt (Refraction) LnV"l~tJL~mL~'lLfi~B'W~~1'WI'i'1mn'l~~ri1~'lli1m1.Xmvt~1'ln'W ~~'Yl1 
1 1XLL~'l~Lfl~m.J~~1'WLLn1 LnV"l m1.Xn L vt~'W ~'lm1.Xm vt~ LnV"l~'W~e.J~:IJ1~1nm1L tJ~vtJLL tJ~'le:l\?111 L ~1 L ~1LrJB 
fi~'WLfl~t~'W~ ~1'W ~1n 1'11 nm'lvt~'l1 tJ(;]'J nm'lvt~'l ~'l ~'le.J~ 1 1Xfi111JtJ1'J fi~'WL tJ~ V'W LL tJ~'l\?111.1 1 t1~1v LL~ 

.J"' 1 I • ,.c~ • I ~ ( "' .J ( fld11Jf.ltJ.:Jfl'l :IJLu~tJ'WLLu~'l \?111Jn~'lltl'l~L'W~" Snell's law) V"l'l~1Jfl11'Vl 2.2) 

sine, v, n2 --=-=-
sin fJ2 v2 ~ 

bV"ltJ~ e, ~B ~1.1\?lnm:mu (Angle of incidence) 

()2 ~a ~1.1.Xmvt (Angle of refraction) 

v, ~a e:l\?111L~1'Ut~'lfi~'W1'W(;]'Jnm'l~ 1 

v2 ~B e:lm1L~'J'Uti.:Jfi~'W1'W(;]'Jmn'l~ 2 

p 

41 v 
~-
j!l 
c 

(2.2) 

Q 
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2.2.3 f11'H1~Vlvt.J (Reflection) Lfl~~'ULdvfl~'ULfl~el'U~hJI'lf1f11::'Yl'U n\J~\l n~'1J11\lvt~tl'HW~ tJ 

1::wi1..:JI'11 n"1\l LL~1 L tl~EJ'U~I'l?I::Vfv'Wn"'u m1 'WI'i'1 nm·:n~hJ iivt"'n n11~1A'ru ~e:J l.ll.ll'lnm::'Ylu L vh numJ 
" , ' 

miaor 

2.2.4 m1m~~1EJ (Dispersion) ~1wru~ru?luu~'lltJ\lLLG'I\l~~ 1'WlJ1?11l.loUmJ'W ~::Ltl'Wm1mh1fi..:JLLG'I\l 

~i1fl11lJEJ11fl~'WI'hL~ m L~~Jfl11 Monochromatic LL~1~ CJ511l.l'1J1~LLG'I\l~::i1m 1lJ EJ11 fl~'W'IIm1EJ '1 rh~ 

~G'Il.ltl'Utl~ L~EJf111 Polychromatic ~\lfl1~'U1'Ufl11LWflLbG'I\ltle:JflLtl'Um1lJCJ11fl~'U'l (~~1\l'l) L~EJfl11 fl11 

m~~1CJ (Dispersion) ~\l~~ilvl.l1otlLLn1tl~~lJ1'Wfl11LLEJfl LLG'I~\l~\l~tl~ 2.4 

D!Jpe•Jion ol While Ugh) 

G'IL tlnl'l-rlJ'lJtJ\l LLG'I\l~1flm\ltl1~1'1VL tl'UbbG'I\l'1J11 ~\lL 11G'I1l.l11fl1 offtl~"lilJLLCJflLLG'I\l~L tl'Uv\lAU'J::flv'U 

'1Jtl\lLLG'I\l'1J11tltlfl~1fltl'W11ii'Ltl'UbLfi'U~~1\l/ 7 ~b~V\l~~tl'U L~EJfl11 G'lbUflVl-rlJ 1'1111\l~ 2 .2 bbG'I~\lfl11lJEJ11 
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G'!Ltlnt>~1':w 
.,J 

fl11:Wtn1fl~'U (nm) 

""' 400-420 G'fl.J'J..:j 

~fl~1:W-~i!'1L1'U 420-490 

.. "" 490-580 G'IL'Utn .. .. 
580-590 G'IL'VI~B..:l 

~bbG'f(il(~lJ) 590-650 .. 
650-700 G'ILL!il..:l 

d.::.il V 4 .r::;:,i I .c::r. «::Il Clil 

n1~lJB..:lLVI'UG'ft'l1..:l 1 'U'U'Jt'l~Ln!il~1nn1~!:-JG'flJ'UB..:lLLG'f..:jG'f L'll'U LLG'f..:j'1J11B1~Ln!il~1nLLG'f..:lL'WtJ..:l 3 61 

~~Jl.Jtl'U bLG'f..:l~..:l 3 ~ 1~LLn bLG'f..:l~Lb!il..:l LLG'f..:j~L~EJ'J LL~~LLG'f..:l~tl1L~'U VI~€JL~Vnl1 ~tJ~:w.niJ LL~~n1U1Lb61..:l~Lfl!il 
.. 'IJ 

2.4 'VIannT"a~1ltfl'UnT;i1flf'I11:Wb'li11bba.:J (Intensity light Measurement) 

1 u~~tJ'U'Vl!ilG'fuu1'61!ilmu..:lbbG'f..:jil iJVI~nm~ ~BlJbL Vl~..:l rh u!il-r..:j~tJi iJi'G'f!ilmu..:j bbG'f..:j Lb~~iJt>i''Jt>~~'J~~tJ 
' 'IJ ' 

bbG'f..:jtJ1~~1'UlG'f!ilmu..:jLLG'f..:j ~..:j 1 'U"Uru~~LLG'f..:jtJlLfl~B'U~~1'Ui'&'l!ilmu..:jLL&'J..:j~~iJtl~1nnm~ru~1..:j '1 Ln!il~'U ~B 
\1 " '\J , d..! I 

2.4.1 m~&'l~VJB'U (Reflection) L~mL&'l..:ltJit>~nm~'Vl'UlMlmu..:jLLG'f..:j ~~Ln!ilm~G'f~VJB'U~'U b!ilEJm~ 
'IJ ' 

G'f~VJB'U~~L'U'U 1 tlm:w n{] m~&'l~VJB'U \i)..:jeJ5tJ1tJ 1 uoX'J.rrtJ~ruG'f:wU~'lJB..:j LLG'f..:j (Properties of light) ~..:j m~ 

&'l~Vlu'U~~~'Uu~ntJ~n~ru~~1'1JB'Il&'l!ilmu'lbb&'l'l b!iltJ~ ~LLU..:j~'JlG'f!iluumtlu 2 tl~~L.fl'Vl ~B lG'f!il~'Jb~tJ'U b!iltJ \1 , , , 

m~G'f~VJB'U'IJB..:jl&'J!il~'J L~ tJ'U ~~vh 1 ~-r..:j~'1JeJ..:j m~G'f~Vi'uuiJVil'l'V11..:j 1 tl1 'U~ n~ru~ L~ m nu LL~~m~&'l~Vle:J'U 1 'U 
' 
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2.4.2 n1'J'~VInii'U (Absorbance) Vl1m~EJn11 Optical intensity .;zi-1~fl11:U~:U~'U51. 'UBI'l'J'1ci1'Um:Jn 

m~Vi:u 'J'~V!l1-1 ~-1~~t'lnm~'Vl'U1'61VI n'J'el-1 bbGi~ n\.J~-1~~611:U1'J'tl~1't.I'1'61VI n'J'el-l bb61-l1 tJ1v)'1~ E.ln111'~ n1 1~ ~ nii'U 
' ' " 

(2.3) 

2.4.3 m1m~b~-1 (Scattering) bU'Um~'U1'U~bnVI~11n11bb~~-l~ b'li'U bbGi-l b~EJ-1 Vl1vm1bfl~v'U~ 

'lJv-1v'Wmfl b ~a-1~1nt1mb 'J'-1m~vi'1 .;zi-11 'W~.n~~b u'U 1 tJ~m1m~b~-1'lJv-1 bbG1-11V~EJm1m~b~-1'lJv-1bbG1-1bnVI~1n 
' " 

m'J'~~1bb61-1Vl1v61b Ufll'l-r:u'lJv~ bbGi-lbfl~v'U~ m~'Vlunu 1:u b~mm1a v'Wm AV!tl~., ~ ~ bn ~ m 1m~~~ EJI'i'11 tJ1 'U 
' ' I 

'VlnViPI'Vl1-1 .;zi-1m~~~bn~m'J'ci-1~1'U bn~m161~Yiv'U bb~~bn~m'J'~~nii'W~'U ~-1~bb61~~1 'U'J'tl~ 2.6 
' " " 

2.5 ~::uua RGB 

; .. 
incident beam with 
macroscopic width 

~ I 

\I~ 
.. -

sample , ·· .......... _ / <1> 

~< 
::_) 
detector 

RGB civ:IJ1~1n red, green bb~~ blue Ael m~'U1'Un11t:.JG1:U~~1nmill. 3 ~ Ael~bb~-l mm bb~~.a 
J,b~'U m11i~~ci1'U'Uv-1~ 3 ~d~1-ln'W ~~vr~1~bn~~~~~11v1'8n:u1n:u1EJ 1~mb~~~~~~~~~~-1bb~ 0-255 

<V _,...~ 

~-l'J'u'Vl 2.7 
" 
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')'\.J~ 2. 7 ')~'\J'U~ RGB 
"U 

2.6 Spectral imaging 

Spectral imaging L tJ 'U n1 ') LL?f 111 'l ~Hlell e:J lj ~ 'U e:J 'l n1 ')(;} e:J'U ?I 'U e:J'ltJl e:J 1"1111.1 ~ LL 1'1 L tJ 'U 1 'U El 1 'U f1111J ~ 

mJm~n 1Ylfh Vl~e:J bi'1CJ~11'l1~1LYn~ 1'1J~V1'Uf1111J~'Ue:J'lbb?f'l NIR Vl~e:J')11J 1'1Jt1'lbb?f'l~'U11~1Je:J'lb~'U1~~~CJ(;}1 

LU~1 (VIS) LU'UtJl'U bfl')'l?f~1'lvt~n11'1V~11'1J'Ue:J'l')~'\J'U Spectral imaging '\.J')~ne:J'U~1CJ 5 ci1'U lil'lLL?f1'1'l1'U 

')'\.J~ 2.s 1~LLri 1) bb Vl~'lrh tit'1Lb?f'l1 'U'li1'lfl~'ULL61'l~l'le:J'ln1')VJ\11?fe:J'Ub ~e:J 1 m~c.~~'Ue:J'ln1')(;le:J'U?f'Ue:J'll'ie:Jm11J~ 
"U 

1 'Un1')1Lm1~~t:..~~ ~~e:JlJ~'\.Jn')rufld'U~lJn~e:J'l L ~ e:J n1')61 LLn'Ut?h LL vttl 'l'Ue:J'l n1') cl1v.n1~ 3) Imaging 

spectrograph L tl'U~'IJmru~a1ri' ~1J1na1vt-ru')~uud L ~')1~ L tl'U Lfl~e:J-1~1 m 'U m')'U v1 vv1'Um11J~ LL?I-1 

(;)11J~tJle:J'ln1')b ~e:J 1 m~m~~V1'Uf1111J~LL?f'l~~e:J'l n1')VJ\1161e:J'U 4) Lfl~e:J\Ifle:J1J~1 L~m1 L ~e:J 1m oV n1')f11'\Jf11J , 

B·:!I•J'\.J')~nB'U'Ue:J\I~J'U~~LU'Uat'1ci1'U'Ue:J\In1')t:.J?f1Jfl'U'Ue:J\Ibbl.J~ 3 ~ 1~Lbfl LL\11\1 LV!~e:J'l LL~~J1L~'U LbtJl~1CJ 

1Bn1')'Ue:J'l Spectral imaging b U'Un1')'UCJ1V'li1'l'Ue:J'lf1111JCJ11fl~'U'Ue:J'l LL?f'l~~~1')ru11 ~n1'1'l~'U~'lLLtJl'li1'lCJl 
"U 

~'Ut1'l~'UYI')1 L ')1'1 L\11 vi11(;)~'\.J')~?f'lAV!~nfie:J n1')m1~?fe:J'Ut:.J~(;le:J'\J?f'Ue:J'll'ie:Jf1111JV11fl~'U'U e:J'l'U~ nruL~ n 1 

Vl~e:Je:J1~~::;~~1')nJ1~LLI'i~::;~ n L"'l~'Ue:J'l.f11'1'~L ~e:J 1 oVl 'Un1')~1LL 'Unvt1flru?f1JU~'Ue:J\11(;lt1Vl~e:Jci1'UU')::; ne:J'U~e:J~ 
' , "U 
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.J 0 ft tl ..::::.. ~ I dd ~~~~~I !'1 d I 0 

~1'U'Yl\l1~ u'U!iltl~1~fl'l1~Vlfl1l'H11 V'YllJVI6'11CJtl~flu'l~fltl'U 'l1l.Jtlt.l ~ 'UJlTV'Ib(;)CJ1 (Ave & Ave) ~ 'U'U fl1'l611'l1'1 
\J 

·' !"!" 1".,j.,j, 1 ~1"'" ~, ... u'l~~mH'lf,mJ 1J(;l11Jtl1J'Yl1J1~1J 'lll1fl'll1J ~HLfl (;)11JPJ1Vl1'l m bflN!il':lfl':i':l:ll b1 'U!il'U (Smith, 2006) 

3. Imaging 

spectrograph 

Zoom lens 

Sample 

D 
D 

4. Computer 

~tJ~ 2.8 'l~'U'U Spectral Imaging 

~ ~tl~'l1nm'l~1~~ 'Unflrum'V'l'lltl~v1~ntl'U~1vvi'11m(;lvml'1vflru61l.nr~'Yl1~mvm'V'l~1~ ., ~ 'li'U fl11l.J , , I 

eJtJ'Uiil1 ~ m1l.l~'U ~~fl~~~~~tJtJ'U dJ'U!'l'U ~'11m Vl!ild~~iifl11l.JL U'U 1 tJ1vi'~'l~vl1fl1'liLm1~'Yiflrum'V'l'lltl~CJ1~ 
' ' 

tltl'U~1t.lvl1 tJL 'YlflUfl Spectral imaging vr~~ fl~11l.J1 LLfl~'Utlfl'l1fldLL~1EJ~ii fl11l.J~ U'U 1 tJ1vi'~'l~1J'l~~ fllil1 oij 

1 'Ufl1'l1 ~fl'l1~'Yim'V'lci1 tJ'Iltl~ n tl~cm neJ'U ~1v~~v111 1X~1l.l1 'l"Clth~ ~iJ'UflWfl1'V'l'Utl~t.l1~ neJ'U ~1 v lii'1'U1'Ul.l1 n1vi' , 

fl1'l~~lil CJ1~ tltl'Utl1 CJvl11vlVI6'11CJifivi'1tlfl'U b(;l t.1~11 1J'l~vl1 fl1'l~61l.Jfl'l(;)B'U'Yl~6 L 'li'U fl'l(;l'fleJ{iJn 

L ~tlvl11 m \J'l~'U 1 'UJ1m~:il'Util1 L U'Utltl'U flWfl1'V'l'lltl~ CJ1~tltl'U~1t.l'l~~'Utl~tl'ULL Vl~~~l.J1 iBfl1'l~~\91 'l1l.J 1 tJ 
, \J 

~~fl1'l:il'ULfl'U (Prasertsit, Rattanawan, & Ratanapisit, 2011) fl1'l1J'l~LlJ'U~WJl1'V'l'Utl~CJ1~ntl'U~1CJ 

611l.l1 'lrJvi'11m(;l v~'l1 1 ru 1 '11 n roh ~ tJ eJ{ L~'U 1'1 m 1l.l~'U ~ n ~'U L tl1'U (;) LLfl ~vi''llli fl11l.l ei tJ'U til1 (Plasticity 
\J 

retention index, PRI) 'l1lJ1tJ~~tJ1lJ1ru~L'UflViL~tJ (lntapun, Sontikun, & Khowaien, 2013) t1~1~hn 

(;11l.J flWJ(;l\J1lJ1WL Vl~1diim1lJ~'U.fftl'ULLfl~ 1 -ffL 16'11l.J1fl 
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f.'IU1"il~~Mn~?h~ntJ EJflvl1B~1\IL'lhJ m11-llrn~~1EJAtJ~l'W1b\JleJ~ (Computer Vision) 1·um':itJ':i~biitJ~rum-w 

'llB\Ib-d'v?l~ (Jackman, Sun, & Allen, 2011) ;\l?l1:W11fl~"il11UJ1~n~ru~mm.mn1m~EJ~1mbt?in T';iU\I'\.JBn 

(1\l~ru?l:wu"'&imEJ 1 u~\lbtlu<U'm\'1n~ ~1'Ub'Vlfi'UA Near-Infrared spectroscopy ?l1:W11fltJ1:W1U1~~n(;l1 m u 

m11'~AUJJl1'W'll€l\I~Flbb~~i:-!~ 1~:W1Fl:W1EJ (NicolaY et al., 2007) ':i1:W()\Im1H'Fl11:WEJ11Fl~'U1 u-d1.:J~m , 

:WB\Ibi1ulii'1m'Vlfli1Fl VIS/NIR spectroscopy ;~1mum11~A11:WbU'UbtJ{EJ1'lle:J.:Ji:-!mUVbUB~~'U (Li & He, 

2006) bb~~t.J~G1:w (Gomez, He, & Pereira, 2006) 'Ue:Jfl"il1ndb'Vlfli1Fl NIR spectroscopy 1tii'~nt11ll11mu 

1~uu1'~m1:w~u'lle:J\Itn.:~ bb~u (t]'Vl51ru, 2552) bbl'iv~1\111n(;11:Wb 'YlA'DAd~.Um\'1n~ 1 ub~B.:~m 1:w 111 um1u.:~~ 

b'Vlfi'WA Hyperspectral imasins "il~ hJ~tlqJV11b~B\Ifi11:W 111 um11'~bb~~~\l?l1ll11t11 ~.Ue:Jlj~b '8\l~umtii' 

(Spatial information) t~ntl1:w1tJ1~EJfl[;11 m 'Ufl11VI1Aru?l:w~mEJ1 u b 'liu A11:Wbb tlub de:J'VB.:Jt.JmbvtJ bD~ " , , 

(Lu, 2007) ~rum'W'llB\Ibdmb~.:J (Xions, Sun, Zeng, & Xie, 2014) 'UBFl"il1nd~':i1EJ\11'Ufl11?l~1.:JJl1'W"il1Fl 

~~IR hyperspectral bYlv1mum1vi1'U1EJ~ Fl11:Wbtlum~~h.:~ bb~~Fl11:W~:W'llB\I bde:J11 (Cluff et al., 2008; 

ElMasry, Sun, & Allen, 2012) bb~~~Fl11boUbb?l\1~1'U NIR 11:WtlUbb?l\l'li1\I~\911:WB\Ibi1'U1 'Ufl111~Fl11:W~:W'll B.:! 
X c; I Q,/ 4 .., v IV ~~~ d I Cl.l 

b 'Ue:J?lb{;)flb'lf'Ufl'U (Cluff et al., 2008) t~.:Jbb:Wfl11'W~'U11~UU1~"il~:W\91'U'Vl'UVI?l.:J'We:J?l:Wfl11bb{;)"il1Fl Fl11'W~'U1 , " 

bi1u 11ii'11bVIFl'WA Spectral imasi ng ~Fl11:W?l1:W11fl1 'Ufl11Plfl~1~ru?l:W~'lle:J\Ivl1vt.h .:~'lle:J\Ibb ~.:~ 1tii'a~1.:J 

11~b~1bb~~~tJ1~~VJ5m-w Bfl~\IEJ.:Jf.'f1:W11flibm1~~<U'Blj~11ii'lii'1mVIADA~1.:! 'l b-d'U PCA, Neural Network 

" bb~~ Heuristic (Alander, Bochko, Martinkauppi, Saranwong, & Mantere, 2013) btlul?i'u lii'1mV1~\1~.:~ 

1tii''th~~fl{;\1-llbVJA'Wfl Spectral imaging 1um1Plfl~1~ ru?l:W~'lle:J.:JEJ1.:Jtle:J'U()'1EJ l~v~~u1l U1bbm:wci'1VIru 

't.J':i~:W1~ 1:-!~<U' e:J:W~ bb~~1bfi11~~VI1b:W b~~Fl ru(;1P11?l\91{b Ylvvi1'U1EJFl UJJl1'W'VB.:J EJ1.:! tle:J'U ()'1 tJ " , 

2. 7.1 am~ru::i11tJ•tJB\Ibfl1\l'lhtJtJ1::f.'f1'VlbVlti:W 

bfl1\1~1m.h::?l1VIbVlEJ:WbU'U1::UUFl11~~Fl11.Uv:w~B~1.:!VI~\I~~~Fl~ru::?l:wu&\~'U~1'U:W1"il1Fl " ~ 

bm\1~1 m.h::?l1VI1 'U?l:W€l.:!'ll€l.:!:W'U~V bfl1.:!~1 EJ'a::uutJ 1~?l1VJ1tii' fl Fl~~u11 ~~ bb uu~ 1~ B\IVI1.:! Fl ru(;l 1'11?1{;){ , " 



i 

• 

• 

; 

1.1 d 0 I Q..l 

L'll1lJ1 L Wtlf11'VI'UVJA1?1tyqprum:m 

lA1'1'1hCJ'H~uutl1~?11'Wil~th~neJuvi'·m neuron ..S1'U1'UlJ1nlJ1tJ'It.:m~"'~ neuron '"il~b~tllJ~tlfl'U 

lV1vl1A'I~L~tllJ lv'l 'lt'~LLI'l"'~A'~'OJ~l1rhci1'1J1'V11!mow1~rh1u H rhci1'1J1'V11!n '"il~LL'Vl'UoUeJlJ(Iffi -lll 'Um1 
'U 

bLnUty'\111~1'1 'llA1'1'1l1ti1~UUU1~?11'Vl?l1lJ11m . .h~~nl'l1-lll 't.ln11bbt1\J qj'\111~1'1 '1 b 'li'Un11brlUbb(I~\JVJ..S1 

oUeJlJ(IVI~tm.Jbb uu bb(l~n11..S1bb 'Un1Ubb uu "1(1., 
'U 'U 'U 

Input 
Units 

Hidden 
Units 

Output 
Units 
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1'Ubb1'1(1~ neuron '"il~lJ Activation function Vl~tl Activity level 'lt'lbU'UYl'lrloU'U'll€1'1 Input vhvi'-ru 

neuron bb~"'~~1'0J~ci'l Activation signal h.Jv'l neuron ~'U 'llV1t~ci'lboWCJ'I~tyqJ1rub~CJJ1'Ubb~"'~Ar'l bLI'l 



• 
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~1ll1~tl~'lhM1'VImEJ neuron v1-:~LL~I'l'llu~tJ 2.10 neuron Y ~'I~'U Input -:v1n neuron X1, X2, LL~~ X3 

LL~dj W1, W2, LL~~ W3 LV'U weight l'm..J~1v1'u b1'1EJG1't1,!t1,!1ru Output -:v~~n~-:~viBltJf!-:~ neuron Z1 LL~~ 

Z2 bl'lEJil weight V1 LL~~ V2 

2. 7.2 tJ-;j~Ul'VI'tlv'ILfl';i'l<thv';i::'U'UtJ';i::aTvt 

bm'I'IJ1tJ~~'U'UU~~611YI~1:W1~mL U'IU~~LflYI1Jt'l'l1:W ~U LL 'U'U'1JB'Ifl1~L ~e:J:W btl 'I (Architecture) LL~~ 
" 

15m~tJ~'Ufh weight 1Jlv1-:~d 

2. 7 .2.1 ~ULL 'U'Un1~L ~enJ btl 'I (Architecture) 
" 

Input 1tJf!-:~~'U Hidden LL~~BBn1tJf!'I~'U Output v1'1LL~I'1'11'U~U~ 2.11 1m'I'IJ1EJ~1ll1~tl~O:V~il~'U 

Hidden M~w11Jll'l1:Wfl11:WL'VI:W1~~:w 

'1!. Recurrent neural network ~ULL'Uud-:v~:Wm~UB'Uml'U Output '1JB'IbA~'I'Il1tJ~~uutJ~~~1YI 

n~u 1 tJf!-:~ Input '1JB'IbA~'I'Il1tJ~~'U'UU~~~1YI 

" 
2. 7 .2.2 m~n1'Vi'Uflfhci-:w.11VI'!!n 

n. Supervised Training LV'Um~tJ~'UA1~1'1tl1V!'!!n'1JB'Ibm'l'll1tJ~~uutJ~~~1YI bl'ltJB1~tJoVBlJ~ 2 

~1'U Ae:J Input n'U Output ~vltl'lfl1~ 'VI~B Training Pattern nu Teacher output ~BBnO:V1n1m-:~'ll1 tJ 

':i~'U'UU':i~~1YI bl'lEJ Input -:v~~m11:W1L tJ~EJ'UL ViEJunu Output ~vlB'Ifl1':iLb"'l'l11A1A11:WLLI'lnvl1'1~~'VIl1'1A1 

~'I~B'I1 tJtJ~'UA1~1'1tl1V1'11n'1lB'Ibm'I'IJ1tJ~~'U'UU~~~1YI L ~B 1 ~ Output '1JB'Ibm'I'IJ1tJ ~~'U'UU~~~1YiilA1 

1n"LAEJ'I'VI~m'VIi1B'Un'U Output ~vJB'Im~ 

'1!. Unsupervised training LV'Ufl1~U~'UA1~1'1th.lf'l1n11'1tJB1PlEJoVBlJ~'1lB'I Input mh-:~b~EJ11~ 

~1LV'UvJB'Iil Output ~vJB'In1~ m~tJ~'UA1~1'1tl1V!'l1n-:v~ 1 -tl~o'W1~fi1 Output -:v1n bfl':i'l'll1m~'U'UU~~~1YI 

LV1EJ'IB~1'1L~EJ1 m~L~tJ'U~LL'UUdlYn-:v~H1'Wm~~1LL'Unn~:w'1JB'I Input vector ~L'VIi1B'Un'U " , 
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fl. Fixed - weisht nets b th.Jm~nTVI'UV~rhcl1-nht.-n!m11'1-1~tJ 1A~'l·thv~~uuth~~1'Vl~U1l.n H1 u 

m~LLMl~'l-11 constrained optimization 1vwrhcl'J .. nl1'1-1Un 1A~'l~1m~uuth~~1'Vl"'il~bb 'Vl'U constraints 

bbi:l~tFhnru~~e:J'ln1~ minimize 'l-1~e:J maximize 

x1 

x2 

x3 

Input 
layer 

Hidden 
layer 

Output 
layer 

cJ .,j 1 ~tl'Vl 2.11 n1~b'1le:Jll EJ'lbbtJU Feedforward neural network 
" 

X 1(0) 01(t+6 ) 

cJ .,j 1 ~tl'Vl 2.12 n1~b'1le:Jll EJ'lbbtJU recurrent neural network 
" 
... 

2.8 n1~V"lV"ln~'UbL".:J"!le:J.:JU1 
'IJ 

'V'Yl ~1qJ 

~Yl/Gfi 
SJ? 
2_qt.li4-
fi'!b2.11 
!&U:> 

~1'1h'lbb~'l~V11lle:J'lbi1u (Visible Lisht) bbi:l~ABEJ 1 ~ri1~'l~'U"'il'U~'l'li1'lB'UW~1b1V"l ~'l,f'Un11W"'il11W1fl11ll 

EJ11A~u~~u1"'il~'l~B'lrhu'l~'l'll~1n!Jm~ru~'ln~11vl1EJ 

khanitha
Rectangle



-! 104 I-+-H+H--I-i~I-

~103~+H~~H-~ 
41 
Q 

g100~+H~~H-~ 

"' g 10 1-+-J....l...+.H--f.lf---ll-

"!. a 1 1-+...f+H+---~+----1-., 
~ 0.1 1-+-H+H----11~1-

10 ~m 100 ~m 
Wavelength 

http:! /wwwl.lsbu.ac.uk!water/water _vibrational_ spectrum.html#comp) 
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d 
'IJ'Vl'Vl 3 

1u~Tti):ij'vd\J::LLu~m~vi1LU'l.lflTHJVflbU'lJG'1e:J~~1'l.IVI~fl 1 Ae:J m~G'1~1~~::uu11'1LL"::m~'Yll'lG'1e:J'U~nru 

~1EJEJ1~ tle:J'l.l~t!-l~lll~'l.ILe:J~ 1 'l.I~TULL ~nd\1::: L uun~11i1~ m~e:Je:JflbL uu~::uu e:J~ ri'LJ~:: fle:J'U LL":: m~vi'1~1u Ll'l EJ 

3.1 tl-3flth::nv'U LL~Zfl1'l''Vi1-31'U 1~ ~Jl1'Vl 'l'13J"'..tl-3'l'Z'U'U'U'UVi flll1'Vl n1 ~'Y11-3 LLGi-3 

~::uu11'1~~\ilJ'U1~'l.llleWhh::nvu 4 ~1'1..1Ae:J LLVI~ ,:Jfl1LUI'lLLG'1 ~ (LED) ~1'W1'G11'l'Yll'l~e:J'U ~1'l.lfl1~LLEJfl , 

v~ri'LJ~::nvU'lle:J~ LL~~ LL"::~1'l.ILtlUil1'Vl ( mi'e:J~Webca m) e:J'IrlU~:: n e:JU LL":: fl1~vl1'11'l.l Ll'l EJJlTVrnll'lle:J~~::uu 

LL~I'l~~'I~U 3.1 
" 

.. 
~LJ~ 3.1 e:J'IAU~::ne:Ju'llv'l~::uuuuVin.rnvmL\Jfllll'!ll 
" 



; 
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3.1.1 LL'VIri~rhLil~ma~ 

1'W~if'l~1offvt~BI11 LED 3W LL61~'1J11 dJ'ULLVI~~n1LUI11LL61~ ~~'l::!fl1'Ufl:!Jf111 LUI11LL~~UI11~1tl , 

-3.2 v 

3.1.2 a"J'ULLtlnv~Rth::nvtma~ 

dJ'U~1'U'IJa~i1l'l'U:::atJmru L 'li'U L~'UG1 L ~a'lh tJ1 'Uf11111:1J LL61~ ~aan:IJ1'l 1 mm~~n1L ili11L ~a 1 ~ii , 

3.1.3 a1'Uf111Ln'Um'W~hv'Vl1~ua·:m6'l::tJ'l:::IJ16l~~ 

vt~~ 'l1 n~LL v1~ LLn1tJ~~:!Jvh m1 LLEJ na~ ri'tJ1::: na'U u61~'1JB~~ ~1~ 11~'l 1 n~ v'U~ LL~1 'l~vh m1 Ln'Ue.J ~ 

mY-lci1tJ'Y11~LL61~ 111ltJ 1-ff n~v~ CMOS LL~:::vl1f111U1::::1J1~~~ 111ltJ1m U'lbLm:IJ Lab VIEW ~~lJLfl~v~i1v Vision 

3.2.1 1tJ~LLm:IJ1'Um~~~LUI11U111LL'VIri~n1LUI11LLa·:nL6'l::t;htrJl1'W 

f111L UI11UI11LLvt~~n1 L Ul1lbL61~Lb~:::ci1tJ.fl1Y-l'l:::m'Ufl:IJ~Tu 1 U1bLm:IJ~~I'll'U1~1 tJ Matlab GUI , 



f~E 
j r· 
.fa 
k.7 
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r· 
~A 
Pl 
j 
~-1 

~ · 

i lk>.._.,.. _____________ _ 

Thcckvklfit-'tucfyc::OI'!Mdrd 

! 0o~~.~ .• --.~2--~QJ~~ •• ~~.~,~.~ .• --~Q,~~ •.• ~~ •. ~,~ 
, c-s.;;~;;ds;;;--;, 

jlc~~jij · 
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,;- CONTROL-··--·---"-' 
! i 

I 
Connected 
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3.2.1 ltlcaum-u1umca1~Aca1::~.nTrHhvvn:ma~ 

Vl~-:!~1 n~1~.n1'Y-l ri1 t.J'Vl1'1 bba 'I bb~1 ~ ~'l11.n1'Y-l~l~u1tJ'i ~111G'Ie.JG'IL(91 v 1 i n1'il'i'"'ci1'l.!.fl1Y-l6'! b tJ fll'l1u 

~1mYuvhm'ibtJ~m.t~ RGB bU'l.!~b'Vl1 (Gray scale) bbG'I~th-11fi11Ubiubb6'!'1'V€l'lbbvlG'I~m1ut.l11fi~'W~1~m 

ltG'I(OJ ·11 'Ul'l1':i1 ·~btC1~ Lb6'!11l ··1b UtJn11Wi1L Ufll'l-r~J ~~m~vhn1J11Jfl1'Vl"J'Jli'Vt~-'l hl"Jtl.m~J Mi'ltli'lb GUI1 tl~tJ~ 3.5 

' .. 
bb6'!-'l'V B.:J u bb ~'~"' ~ m 111 v11 fl G'l u 

~ Spectrum Graph======== 
00.---~~--~-----,~--~----~ 

40 

20 
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3.3 m~'Vll'lae:Ju~::uu 

1 'U~ 'J'Udb U'UnTWl l'l~ €1 '\.J nTr11'l ~l tJ'j~'\.J 'U~~I'lJ'U1~'U bl'lEJ 1-tll'i'lv~1'1~ bbl'l n ~1 '1 n'U 

b»fsnf!ect;i;,l 

@!i~oonec.tl 
Laser 

BOO 
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~:. .. .t.:J ..... i::=r 
350 10.8918 

36~~ 11.3947 

360.16.91 12 .0209 

396.1538 12.201'1 

411 .5385 12.5522• 

426.9231- 12.6376 

~2.3077 13.1973 

4576923 13.766a 

Hl.0769 14.72<(9 

488:~1 5 16.24~ 

~3.8462 ·t!J.3359 

51g.2308 23.3397 

SJ-4.61$.4 2& 28Z7 

sso 33.-4061 

S6S.3&46 39.5636 

~.7692 45.189& 

596.15!6 5<!.3890 

-~.:w,6 1} .S38S S•I.Sim 

626.9231 5.8.3871 

642.31)77 63.434S 

6S16923 6!H5Jl 

67l.07f-9 80.9483' 

.1383 4615 86.« 21 

703.6462: 93.861 5 

71 9.2308 96.ont 
734.6154 99.3833 

750 100. 
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0 ..... 

3.3.2 a1"u.V1.:~ 

' r iMAGE--. --------------~."':.-

·CONTROL ..... ,._ .. _____ ! 

49.1259 

464 .2857 S3.S.l9 
470.6349 56.9190 

476.9641 58.8260 

4833333 59.9881 

.... 6815 ~-0·!_ 19 , 

496.0317 60.7936 ' 

502..3810 60.5662 

5~.7~~-
S15.07!U 

~-~ .. ·~---
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I " -,;; ~ .,. - - Jr7"'·--'$~ -~-----::-;~: 

,...._,.,..,.., - ~·· ~- .-.. ...,, ----~ _,.., n ~ --- -~~----~--

- IMAGE-------

00 

80 

60 

40 

20 

~00 

I 

/I 
•S2.1zn 
~.6383 

469.1400 

4n6596 

486.1702 

49-4.6809 

S03. 19l~ 

5H.~?02f . 
520.2128: 
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3.3.5 tnntlvn 
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Ldv L tJ1m.J L Vl tJUG1L tJn~i'l.J~1v)'lil1nn1'~1~ tJ1~ LL ~~ LL~~tJ1~ L U t.lnlil~l'lU-J1ijflJ1l.J LL~nt?h~ tl'U ~'1-d',nn 
Jl1YlU1tJ1'U'~-tJ~ 3.13 LL~~ 3.15 lil~L~'U11tJ1~LL~~LL~~tJ1~LUt.ln~oJ1mVl~G1€JUij~LL~n~~h.:Jn'U ~'lG11l.J1~(1 

" 

tJ1~ 

1~v1-ffJ1tJ1'1G1~ (%DRC tJ~~l.J1ru 45%) LVl~~u'Um~l'lmG1~nn~l.Jm~~~ 40 mL lil1nJw•ivtJ1 L~l.Jm~ 

Ylv1iJrWUl.J'li'U 0.2% 1~tJ~~l.J1ru 0.4% ~€JU~l.J1ruLdvtJ1~LL~~ ~G1l.J1~L'li1n'U LL~~~~1it~t.I1'1~U~1G'1l.Jmru 
" 

~'~,r'UL~v1mv1~1€J~1~tJ1~n€J'U~ij~~~um1l.J~'ULL~n~1'~ 1 nt~ m~Vl~~B~Ii!~toff~~v~nm 10 1t~ 1~mL~~~ 

1'Uiil~ H~1€J~1'~t.l1~nt~'U 11 ~1€1~1'~ L~€J~~ 1n~1€J~1~~.:j,..,l.J~(Im~1vl.JYl~€Jl.Jn'U~') t1~1~m -m 'Um~Vl~~€1~ 
" 

..:J d 0 0 d I lV I ll I Q.J .odl 

LYl€Jfl11l.JG1~mnli!~Vl1n1~n1l1'U~'1l€Jn~l.J~1€Jt.l1'1tJ1'1nt~'U'll€J~LL~~~1'UA€J DayO, Dayl , Day2, 

Day3, Day4, DayS, Day6, Day7, Day8, LL~~ Day9 ~1l.J~1~U L~t.l DayO l1l.J1t.l~'1~1mh~1'U1'ULL~n~ 



.. 
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b(il~tJll~1m.h~ bb"~ Day9 Vfll1tJfi~ ~1vci1~~n~Hl:u~ruVfiJih~·eJ~brim1m~1tAu 9 i''U ~u~ 3.18 bb?IV~~ 
~1vci1~tJ1~tleJ'U brim1~1~1'U1u 1l'U (Day1) 3 l'U (Day3) bb~~ 41''U (Day4) 

(n) 

('11) 

(fl) 

~u~ 3.18 ~1vci1~tJ1~tleJ'U~11.:J1i1'U ru ~ruV!iJii~v.:~ (n) brim1m~1'U1u 11''U (Dayl) ('11) brim1m~1'U1u 

3 l'U (Day3) (fl) b~m1m~1'U1u 4 l'U (Day4) 

vl1€lci1.:Jbb~~~~'U\J~flmbu.:JvvmU'U?f1l!ci1'U ci1'U~ 1 ~1V!-rum'ji'V~fl11ll~'U~.:J\J~n~11tl.:J1'UoX1oV'v 
" 

f:lV~1u ci1'U~ 2 ~1V!-rum'jlV~flru?fllU1ivm1'V'Jvh ('j1tJ~~bBtJV~ hh1llvtJL 'tJ'j1tJ.:J1'UtJ'Uud) ci1'U~ 3 ~1V!-ru , " 
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' " 
mn~ nTr1~vi'-w1:;uuVi'W'Vllu1:Zh.J (~1-ifv 3.6.2) 

., Jl 
3.5 n1';i'J~fl'J11J"ll'U 

\iY..:I'tJ~1-.l~ ·~-.lrlEJu~:m~~:;il1 ~ci1.:~ ~:;() n rhvn.J~~tJ b ~tJ1 it 'Um'd01.:JO.:J~(;lfl1"jVJ~mwvB'Ibb~;;-ni)~ru~ 
" 

' " 
1. U1~1mh.:Jtn.:Jl.J1otl.:JthVI'Ufl uuVin~~ 

2. ~~~1mJ1.:~m.:~1 ~u1.:~ 1~tJiifi1111VIt.J1'll1:;mru 2 :n~~bl.lm 

3. t111'llvu~vruVI.n:iJ 103 e:J.:Jf"!W1Jm'lim1 biJunm 10 '1i'11l.l.:~ . " 

' " 
5. i.:~'I11VItJfl~1e:JV1.:JtJ1.:JVIGl.:Je:J'U uuVimm 

" 6. A1'U1rurhrn1l.l'li'U'lle:J.:JCJ1.:Jml.l~\>11fl11A1t.J1ru 
'U 

" ' " 
U1VIUflb~l.J~'U - U1VIUflVIGl.:Je:J'U 

bUe:J~b~'UI'irhrn1l.l~'U (% Moisture content) = x 100 
" ' 
'111V1U'm~l.l~'U 

3.6 n1';i1~mtln\>li'1lbba.:~"lle:~~tn-:uie:~t.J 

~1'UVI~.:J'lle:J.:J~1e:Jti1.:~ bbvJ~:;€uv1'.:~1'\.J~ 3.20 o:v:;()flU1l.lT)~vi'1tJ15b ~.:~ bb~.:J 2 15 
" " 
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3.6.1 m-a1~mtln~~1J~'JmH'llA1~~iJL~eJ{ (Spectrometer) 

'a~'U'U'Yl(1)L1€J..:J LL?I(i)..:J~'I'~tl~ 3.21 tl'a~f1€J'U~1mL VJci..:Jn1L U(1)LL?I..:J~..:J H'V!L1€J(1) Quartz Tungsten-
" 

Halogen ~~A111Jtn1A~'U1'U'li1..:J 400- 2200 nm LLL1~~ Spectrometer (CCS200/M, Thorlabs, USA) 

\?l€J'UG'I'U€J..:J~€JA111JV11A~'U'li1..:J 200 - 1000 nm 1(1)V1''ULLG'I..:JG'I~.X€l'U\11f1~1€J~1..:!~1'UlA1'11tJA€JL1LL1AL~€J{ 

(Cosine corrector) ~~€Jnu1mLn1"L11LL?I..:J (Fiber optics) f11'aU'U'Vif1LLL1~LL?I(i)..:J~L1Vh 1m(1)V 1 tl'aLLml.l 

Optical Spectrum Analyzer L'w1i'U 2. 70 W\ilJ'U1l(1)V Thorlabs "l.lru~~vl1f11'al(1)\J~Vh1~'a~'U'UU(1)L~€J 

U€1..:1 tl'ULL?I..:J'a'U f11'U\11f1111'W'U€J n LLL1~n1VJ'U(i)vi1 LL 'V!U..:J11..:J~1€J~1..:J 1 ~€1 ~~l1LL VJtl..:~ L~l.l'Yl nA ~..:~~..:~'aU~ 3.22 
\J , \J 

~u~ 3.21 f11'a'Yl(1)~€J..:Jl(1)~1V Spectrometer 
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o ol "' II d ., 3 
3.6.2 nT'H11Vfl1r4aLun~·aJLLa~mv~::'U'UVIW~tJ1'1JtJ 

B~ flU~:: fl B'U'U B~ ~::'U'U ~Tvrru fl1 ~~ 1 EJfl1'1'1161 L 'IJ fl ~ -r:w 'U B ~~ 'J B ~ 1~ EJ 1 ~ n BtJ~ ~1 em:: L B cWl ~ ~ 

~U~ 3.23 LL~::~~tJV1Bt.Jfl1'Wll~1'U~~~fl~1'Jl.J1LL~'J hJ~l.UB 3.1 b~CJvl1fl1~U'UViflfl1'1'1161LUflV1-r:W~'JB~1~LL~ 
" 

Prism 

Light source 
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d 
'UVIVI 4 

1 'UU'Vld'OJ~ n~TJii.:~~~ f11';il~f111li~'U'1m.:~~1 mh.:~ em ne:J'U 61b UAI?l-r11Jb CJ61b 'UAL~';iiJ bl?le:J{bb~~ 

ab UAI?l-ruvt1~'0J1 m~uu1'~~W~'U1~'U bb~ ~vh nw'i\'1 Lb 'Uf1~1e:J~1-:J CJ1-:J ne:J'U l~vml"l CJ lm.:~'lh CJU';i~611'Vl b Vim.J 

I I II I 

rh bu~ CJ bb~~ rh b u v.:~ b U'Ull1\?l';i~1'U'1Je:J .:J b LJ e:J{b ~'UI'l A11li~'U'1J e:J.:J ~1 e:J~1.:~m.:~ ne:J'Ubb~~~n~l!&IJ.:~i'in~ll~~ "' . . 

N=17) 

Sample group %Moisture content 

DayO 37.39±1.24 

Day1 26.95±2.38 

Day2 21.97±5.53 

Day3 8.82±2.73 

Day4 6.26±0.89 

DayS 5.08±1.29 

Day6 4.18±0.86 

Day7 4.30±0.93 

Day8 3.41±0.60 

Day9 3.36±0.73 
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Moisture content) "il~~I'I~.:JI'll:Wblfnll'lt.Jlj nTHU~t.J'UbbU~.:J:Wllw'lil .:Jl'Ubb':in 1 bb~~Aelt.J 1 b.Ul~':i~l?lufl.:J~ 

1 'W'Iil.:Jl''Wvht.~ 1 "illnnnw611:Wl':imbu.:J'Iil.:Jbt!v1b~'Wv1ml:w~'W 1~biJ'Wrn:wn~:w 1~bbn 
v 

%m1~J:fi'U > 10% 

... 
%m1:w:S'U < 5% 

Day0-Day2 

Day3-0ay5 

Day6-Day9 

35 ; .......... , ........................ .............. . ............................................ . 

30, . . . ; . . · .,, . ................ ........... .... ........ ............. .. ...... . ............. , ..... · ..... : 

'C 25 .... ............................. ...................... .. .............................. , ... _, _ 
"' 'E 
0 
u 

~do O t' ~ ---• 0 .~ -· · O O 0 • O 0 ' OO o' O OO O ooooo 0 0 0 0 •••• 0 0 0 0 00 0 00000 , • 0 ° ' ·0 ° 0 ... . A •• , .... , , .. ,o'oo' 0> 0, 0 <· • 00 .,.~· ~· O < o -· ~ ·. · 0 o' ! 

::s . 
<;; 
'(5 

~ 15 0 
... '• . . . . . . . . . . . . . . . . . . . . . . ................................... .. ' ..... -.... ~-· .... . ~ .......... ·-..... _. ·-

10 ............................. . ................... ......................................... .. 

5 ... ....... ... . ............ . 

8ay0 Dayl Day2 Day3 Day4 Day5 DayS Day7 Oay8 Day9' 
Shelf-life Day 

4.2.1 nT'Jb~eJmim~ru::6hA'ru (Feature selection) ., 
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hJ Day9 LLvl€l~1~bn\911lJLLtn lulJcJ'l hkuu hJ1tJ'Ylf'1Vl1~L~cnn\.J\91~€lV1 n~TJA€1 ~LUfl\91-rlJ Day2 ~~1nh~\.J 

nu~LUfl\91-rlJ'lJ€1-:J Day3 1u'llru~~iJm':i~U.ffv'Ufl'U':i~V1l1'l~LU!'1\91-rlJ'lJv'l Day 5 Day6 LL~~ Day7 (i)~J'Um':i 

L~vtJ'lJ€J,l!Zhcm~ 1 1J'li1-:Jfll1l.JEJ11A~1.Jii~~ hil off~m-tru~~~ V1lJ1:.:1:1lJ 1 um':i"ii1LL t.Jnn~lJvllvU1'l 

,;:;- 0.8 ·c: 
;;;, 

.e 
~ 
>-
·1;; 0.6 
c: 
Q) 

.S 
-o 
Q) 
N 

~ 0.4 
§ 
0 z 

0.2 

9oo 

--DayO 
--- Day1 
· ·· ·· ·· ·· Day2 
- · - ·- Day3 
--Day4 
--- Day5 
······ ··· Day6 
- ·- · · Day7 
-DayS 
---oay9 

300 400 
Wavelength (nm) 

~u~ 4.2 ~LU n\91-rlJ'lJ€l~tJ 1~nv'U1Vl<ii'ltJ Spectrometer 'lil~fll1lJtJTJfi~'U 200 - 1000 nm 



~ 0.95 
::3 

£ 
~ 
:>. 

·~ 
c 
a.> 

.E 
"0 
a.> 

- ~ 
(ij 

§ 
~ 0.85 

700 750 

--DayO 
--- Day1 
······· ·· Day2 
- - ·· Day3 
--Day4 
--- Day5 

. ........ DayS 

- ·- ·· Day7 
-DayS 
---Day9 

BOO 
Wavelength (nm) 

35 

850 

~tl~ 4.3 1.'1btlnlil-rl.l'IJ€l--1~1--ln€l'W1V1vi'1~ Spectrometer 'lh-:Jm1:lW11A~'W 700 - 850 nm 

~~1'HlJ1<jtJ~ 4.2 ~:;b~'Wl1n1<j \il €JUI.'1'W€l-!l'IJ€l-!lbbi.'1-:J1'W'1f1-:JA111.1~11A~'W 200 - 500 nm ihi'€1~ b~€l 
" 

~~1'jt:\J1'1f1-:JA111.1~11A~'W 500- 750 nm 'WUl1n1'j~~1'jt:\J1'/J'W1Vl'IJ 'iJ -!li.'1btlnlil-rl.JhJ1.'1€lVlA~€l--ltlU~ll~U'IJ€l-!l 

n~1.11'11mh-:J bb~vnn~~1'jt:\J1B\?l'j1n1<jbtJ~~'W bbtl~-:JVl~eJm1l.lotl'W'I.l€l--lm1vfl'W'1i1--1A111.1~11A~'W 940 - 950 • 

4- Day9 



0.5 r--.----,---,---..,---r---.--.---~====;-, 

0.48 

~ 0.46 
:::s 

-E 
~ 

-~ 0.44 
(/) 
c 
Q,) 

."§ 
-o 0.42 

Q,) 

.!::! 
(ij 

E 
0 0.4 z 

0.38 

941 942 943 944 945 946 947 
Wavelength (nm) 

.,J v v .I "'1 ' d ~1':i1-1'Vl 4.2 fl11l.J'll'U'Vtl-1b61'U61buflml.l 'U'l11-1fl11l.JCJ11flfi'U 940- 950 nm 

Sample DayO Day1 Day2 Day3 Day4 DayS Day6 

Slope 
-7.96 -8.00 -8.05 -6 .93 -6.77 -6 .76 -6.58 

(x 10.3) 

--DayO 
--- Day-1 
· · .. · · Day2 

-·- · Day3 
--Day4 
--- Day5 

········· Day6 
-·-·· Day7 

948 949 950 

Day7 Day8 

-6.75 -6.77 

Day9 

-7.07 

~1n~m111l.l1~~b ~'U11 f11':i 1-il~m~ru~6h•i'qJ-b'1-11ii''Ui1fl11l.lb U'U 1 tl1~~~~U-1~VI~mhb 'U f1flYI:W~'U 

'VtJ-1CJ1-1tltJ'U 1~ ~-1e..Jfl f11':i'Vl!?lfltJ~~~bb61!?1~ 1 'U'M1-b'm1'!?1 1 tJ 

4.2.2 t:-~6lnT~~1bb'Un 

36 

lii'1v~1-1~~VIl.l!?l 170 lii'1t1~1-1 flf1bbU-1bb'UUci:wvvmU'U 2 n~:w n~:Wbb':if1'<il1'U1'U 100 lii'1e:J~1~61'1V11'u 'U , , , 

Q..IQ.I~ Q.l O<lJV J' td 
f11 ':iVI1fl11l.J61l.J'\"''U5'1J tl~fl f1blru:;611 fl qJ f1'\Jf1Tl:W'll'U bbfl~ f1~:W'Vl 2 '<iJ1'U1'U 70 lii'1t1~1-161'1V11''U'Yl!?l 61e:J'U61l.Jf11':i 

fl11:W~:WYr'U5~1~ 

~1 n~ n~11mbdm11 f11':i b~ t1 n~ nblru~61'1ri' qj'Vt1-161b tlfl~?J1'll b!?l t1 1-lim':i btl~ CJ'U bb Ufi~VI~tJ m1ll'ir'U'1Je:J~ 

61b tlfl~?J1'l.l 1 'U'I11-1fl11:Wt111fl~'U~1-1 'l ~1f161b tln~?J1'll 1 'U~tl~ 4.2 'I"'U'i1m1:w'ir'U'Ve:J~61b tlfl~1'll 1 'U'I11~m1l1CJ11 
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.. 

45 --.-,-------r-,---;==~======~======~========~ 

40 • 
35 ~· • • \ 
30 • \ 

~~: ., . .. , 
··-

25 

20 • • 
15 .. 
10 

5 •: • 

• N= 100 

-- y=3.166*10-05exp(-2.55x), R=0.749 

o~~------~------~--------~------~------~~ 
-5.4 -5 .2 -5 -4.8 -4.6 -4.4 

Slope(I900' 1950) 

37 



;; 

38 

35 

• N=70 

30 
----- y=0.5869x+4.559, R= 0.8444 • • • •• / ..... c 

.2:! 25 c 
0 
u 
<I) .... 
B 20 
(/) 

·c; 
s 

'<f- 15 
'"0 
<I) 

•••• / 
/ 

/ 

• // 
-· _,. .... -- •• / • ./ 

_./ 
_. , • / -· 

/ 
_. 

• ·--/ 
· ---

/ • • / 

••• ./--
/ 

_.,.,.-~ ..... 
"' .§ 10 ..... 
(/) 

Il-l 

5 

_. 
__./ 

..-. _.... ........ . 

:~. 
~/;It 

' r 

5 10 15 20 25 30 35 40 
Actual %moisture content 

'Vl~~ v~dihh~ fl11l.Jtn1fi~'U bbfl'tJn11 nT:i'Vl~~tl~ 1~ v~b tlfl11'l'llibl'lv1 

~1mtl~ 4. 7 d~~G1~ bnl'l b~'Un1'lb~v'U'Ilv~b~'U~b Ufll'lr:twdt.Jb~m n\J~~n1'l'Vl~~v~.U1~~'U bb~ 
'IJ 

b~t1~~1n'lh~fl11l.JV11fi~'U 400 - 700 nm dJt.J'lh~~l'l1l.Jt1~b~'U~~Jt.Jmtlfll'lrl.J~l~ 1~m~~~ li'Wu 

~~ n 'l~'Vl'U~1n~~ btl~ V'U 1 U'IJtl~ V1~ n tl'U~J v ~~ n1 'lb tl~ V'U~'IJ tl~ tn~ n tl'U~1 n~'IJ11 b D'U~tl1 m~~~~djfl11l.J 



• 

.. 

39 

~L'llnlil~l-l'li'J'lfl11l.ltn1fl~'W 400 - 500 nm lJfl11l.l"'m~ru:;LLI'lnvl1'l\11n~L'llnlil~l-l~1~:v1nm~1~~1tJ~L'I.ln 

11'l~iJLI'lB{ ~'ltl'W~'lL~eJn 1-ff"'n~ru:;ci'lri'qJ 1 'W'Ii1'lfl11l.ltJ1l.lfl~'Wd 

--DayO 
0.9 ---Day1 

· ·-- · · · · Day2 
0.8 - - -- Day3 

2 
--Day4 

c: 0.7 ---Day5 
::3 

.e ......... Day6 
~ 0.6 -·-··Day? 
>-
:~ -oay8 
c: 0.5 ·-- Day9 Q) 

.S 
"'C 
Q) 0.4 .!:::! 

(ij 

§ 
0.3 0 z 

0.2 

0.1 

400 450 500 550 600 
Wavelength (nm) 

fl&n~Lfl~B'Wl.l1n 1~CJlJ~Bm=t:;f111l.Jfl&n~Lfl~B'WLi:!~tJL'Vhnu 38.5% 

\11n~61 n1~'Vl~61B'l1 'W~'J<V'B 4.2.2 LL61:; 4.3.2 '\f'j'\Jl1A1fl11l.J~'W~'V11~1tJ~l.Jn1~fl~fiBtJ~'l~B'l~l.Jn1~ 

lJLL 'W11 'ti'l.l 1 'IJ1 'WVJPl'Vl1'lb~tJ'Jtl'IJA1fl11l.l~'W\11'l LL~L~B'l\11nA1fl11l.l~'W~m 1~ cJ'llJfl11l.lflm~ bfl~B'WAB'W<V'1'l 

~'l m~ 1<V'~l.lm~fl~f1BtJ~'l~B'l~'lB1\IVh Mb YitJ'lnTm u'lm{l.lfl'J1l.l~'W'llB'l~h B~l'l tJl'ltlB'W 
" ' 



45 
--y=6.868x-6.538, R= 0.8038 

40 • N= 100 • •• • • • • 35 
• - • s:: 30 E s:: 

8 25 • Q) •• '"' .~ 20 • • 0 • • ::;E 
~ 15 

10 • • • . ~ •.. •• • 5 . , . 
ilt • 

00 1 2 
,.., 

4 5 6 _, 

Slope(l390nm' 1420nm) 

40~--~---,c---~---,c---~---c-----~--~ 

35 
..... 
5 30 ..... s:: 
8 25 
~ 
E 
.~ 20 
0 
s 
~ 15 
"d 
Q) 

1dl0 
.§ 
J1 5 

' • 

• 

• 
• 

• • • • 
• 

• • 
• • • 

--y=0.5948x+5.474, R= 0.8013 
y=x 

• N= 70 
-5~--~----~--~~---L----~--~-----L--~ 

0 5 10 15 20 25 30 35 40 
Actual %moisture content 

')\J~ 4. 9 ri1m1l.J~'U"il1n?ll.l n1')fiV~fleJCJ hnu~ 4.8 b V1m.Jnuri1fl11l.l~wil~~'UeJ~ m~nv'UbbvJ(l:::lil1v~1~ 
~ ~ 

40 
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4.4 m-alil1~~·t.m~1~ti-en..t~'UJ 'i:R-a.:J•th~th::aTvJ~VimJ 

"il1 n~~ nT~'VIVI~tJ-:~ •h:JIPi''U"il::: L ~'U-J1m~ L~ €J n~ mH1J:::~1~ fH LVI EJ€J1PlEJ m~~-:~ Ln \11~-:J L U'U m~~ €1-:J~VI~€1-:~ 

CJn"il'U 1~rh~n~ru:::~1~ru~LVIln:::G1lJ L ~€J·1bEJ~WJ€JA~ LL~:::m1l.lV-:JEJ1n 1 'U m~L~€Jn~n~ru:::~1~ru ~-:~tY'U~-:1 1.;{ 
\1 "' " ILl 

4.4.1 LR-a~·thm.J-a::aTmVi~~ (Neural Network) 

1 'Un1~'VIVI~€l-:Jlil1 LL 'U n~-m LA 1 -:1~1 m.h:::611'VI L Vi EJl.ltl "il ::: 14fG1 L UA\11~ll~1~"il::: 1:::utr1W~~~\9ll'U1~'UL€l-:J 

LWJCJG1L'lJA(1J~lJ"V€J-:JVI~-:J~1€JV1-:J"il:::i1A11l.lL-ffllLL61;J "1J€J-:J 41 A11l.JEJ11A~'U Vl~€1-fftJll~ 1 "VV~'l11:::n€JuJi'1CJ 41 "i!WJ 
'\J ' ' 

I ~ cv I doC::\~ X 
n~l.J 2 A€JV11€JEJ1-:J'VIl.J 5% < %A11l.J"'l'U < 10% 

' 
' " 

ncil.l 3 A€J~1€JV1-:JVii1 %A11l.l~'U < 5% 
' 

vi'-:~tY'U Output "1l€J-:JLA1-:J~1m.h:::611'VILVJEJlJ"il:::i1 3 rh LW~CJ-ffm,J~ 170 ~WJ"il:::~nmJ-:~tJ€JnLU'UG11l.ln~l.l 

LW~CJ15m1~l.l 1Ji'LLri ncil.l-ff€lll~~1Vi~'Un11b~EJ'U~ (Train set) "il1'U1'U 118 "'lVI Vi~€J'l11:::mru 70% ncil.l<V'€ll.l~ 
" " '\J " , , '\J 

'VIWJ61€J'U (Test set) "il1'U1'U 26 "'lVI Vl1en.h:::~..nru 15% LWJCJ LA1-:J~1m.h:::~1'VIb VJCJlli1~ n~ru:::~-:~1u~ 4.1 o 
' '\J 

n~11~€Ji1 2 -5'U (layers) -5'U Hidden i1 30 L'UWJ -5'U Output i1 3L'UWJ LL~:::Hw-:~ni'U conjugate gradient 

backpropagation 1 'Un11b~CJ'Ui 



42 

Training. Confusion~atrix Validation Confusion Matrix. 

1 ~ 3 2 3: 
T~rgetqass Targ~t Class 

:restCcinf'Oslon·Matiix Alt conftislon.Matrix 

2 3 2 
Target ·class Target Class 
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40 
~ • --y= -4l.lx-55.85, R= 0.8726 

35 • • • N=30 • 
30 • - .~. s:: 

-E 25 • 
0 • () 

~ 20 ••• .a 
-~ • 0 

15 • • ::;E 
'cf 

10 

5 

0 
-2.4 -2.2 -2 -1.8 -1.6 -1.4 

Slope(I750run' 1ssorun) 

iJb!?lel'fl'W~1~ 750 - 850 nm 

40 
--y=0.7751x+4.899, R= 0.8269 

35 ·y=x - • N = 21 s:: 
~ 30 s:: 
0 
() 

~ 25 •• .a • 
- ~ • 0 20 a 
'cf 
"0 15 Q) 

~ 
.§ 

10 -</) 

~ 

5 

• 00 5 10 15 20 25 30 35 40 
Actual %moisture content 

'j'\J~ 4.13 rllf111:W~'W\l~~ bb61~A1f111:W~'Wmlil\l1 nm1U'j~:IJ1ru'/JeJ~ bb~ 61~1'11 mh'l vl1CI?i:Wn1'j 1 'l.J'jU~ 
~ ~ 

4.12 



• 
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:u1nnT~i bm1~t-1Gib tlnl'l1:w~1vi':u1nG'ib tlA1miJ bl'le:J1:u~ 1vi'm1:w~:w~'UB'j~vrh:Jm1:W~'U'1leJ\I c.n\lneJ'U 

num1:w-a''U'1JB\Ib~'UG'ibtlnl'l1:w1'U'lil\l 750- 850 nm v1..:J<jtJ~ 4.12 ~\l"il~b~'UG'il.Jn1'jfWlt1Bmhvt1utJ<j~l.J1ru 
" 

fl1A11:W:ff'U"il1f1A11:Wi'Ui1rhG1:wtJ<j~~YliG1VlG1:W~'UBfleJ'U-iJ1\IG1\I (R = 0.8726) bbfl~b~eJVhf11'jYl~GieJ'U?f:Wf11'j~ 
" 

1vi'd:u~ 11Ji'r-Jilv1,m(l~,,1 mtl~ 4.13 ~'l"iln ~1J11A1A11:W~U'il~\l~~u~A1A11:W~'U~1vi':u1n f11<jtJ<j~:l.nru'1leJ\I bb~fl~ 
" 

(;}1e:JV1..:Ji1m1:WG'1BVIA~mn'U (R = 0.8269) 1~~i1~mm~m1:wAmVIbA~m.Jw~mvhnu 4.40% 1~~"il~b~'U 

-.hrh~tl~fi~A11:WA~1~ bA~tl'U~1 n11f11'j'Vl1rhm1:W~'U'j1l.J'Vl nnci:w 1~ ~ hli1 fl1'jA~ bW nv1..:J1 'U~1-iftl 4.2.2 , , 

mh..:J:w1n 

1 'U'llru~~ b~vvh m <j:'j bm1~t-1G1 btl nl'l1:wm~:u1 m~uu~~l'lJ'U1~'U-wu'i1i1m1:wr~ n 1'1 v..:Jfi eJ'U-iJ1..:J ~1 b~tl 
" 

V V I I 

tl~tleJ ~Gie:J~I'l~v\1 tl'U A11:W~'U"il~\1'1J e:J\1(;}1e:JV1\I m\1 n v'U1!'U bbfl~i1~tl ~~~m1:w Am~ bl'l~tl'UbO~ en vh tl'U 11.7% 

~\I bd m tl~ ~u b Vi ~u nu n1 'j'Vl1 fl1A11:W~'U 'j'Jl.JYI n nci:w1 'U~1-if eJ 4. 3. 2 bb~1 :u ~ b ~'U11 i1 fi1 ~ eJ ~fl~ A11:W , , 

14 
--y=l.818x+l.303, R= 0.6355 

12 • N=70 

• 
....... 10 
c • • Q) • ....... •• c • 0 8 {.) • 
~ 

' a • • • Vl 6 0 • 
~ 
~ 

• 

~~----~----2~--~3~--~4~--~5----~6~ 

Slope(I390nm' 1420nm) 

~tl~ 4.14 m1:w~:w~'U6'j~Vl11..:Jm1:w~'U'1ltl\1~1\lnBunuA11:wi'U'1lv\lb~'UGibtlnl'l1:w~1~:u1m~uu1~ 

~~l'lJ'U1~'UL'U'lil\l 390- 420 nm 
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20rr=======~======~~~--~------~ 
--y=0.5445x+2.495, R= 0.7143 

- - -y=x 

• N=49 

• 
5 10 15 20 

Actual %moisture content 

<j'\.J~ 4.15 A1fl11lJ;ff'U\l ~'l bbG't~ri1 A11lJ.fft~ffi~\l'"1nm'j'lJ'j~m ru'tl u'l bbvJG'I~(1)1 u ~1'!~1 V61lJ fl1'j 1 tJ'j'\.J~ 
~ ~ 

4.14 

1~~w 1-&'61u'li5(:..J61lJ(:..J611'Utl'U mh1 Au b~€lf'l11lJ<ff'U '1l€l'l EJ1'l nu'U~1611l.J1'jfl1-&'m1lJ811 f'l~'U'I11'l1n~~~-h'l 

b du'l\l1flV1'l nu'UlJfl1'jb 'lJ~V'Ubb UG'I'l'tleJ'l~b~m~lJbb~'l L\?lm tJ~ EJ'U\l1 n~'tl1 1b1J'U~J1~1 G'I fl1'j 1-ffA11lJ E!11 f'l~'U 

1 'U'I11'l~~1'l'Vl~e:J~tl1b~'U"il~'I11V'Vl~ flb~EJ'l(:..JG'Im~'V1U\l 1 flfl1'jb U~EJ'Ubb '\.J 61'l~l~ bbvlfl1'j.,j1 bb 'Ufl A11lJ;ff'U'1lm V1'l 

nv'U61'lf'l1'j1if'l11lJEJ11f'l~'U~'U1n~~'U'Vh1b'j\?l (Short wavelength near infrared, SW-NIR) bdu'l\l1fl\l~ 
~ 

1~\l~~161'l l?i''lJ'U\l~bi1'Ul161b'\.Jf'l~-rlJ1'U'I11'l 700- 1000 nm '1J€l'lV1'lfleJ'U1'Ui''Ubb'jfl 1 \l~lJ'1J'U1\?!U€lEJfll1 

'1J€l'lEJ1'ln€l'U 1 'Ui't~vhv 1 1\?lv\l~~'lbfl~bi1'U'lJ<j1fl!Jfl1'jrud\l1n~tJ 4. 71~b i'Ub~m n'U 

l?i''lJ'U611l.J1'jfl n~111~11 fl1'j'U'j~:!.JlruA1f'l11lJ;ff'U'1l€l'l81'l n €l'U611l.J1'jf!Vl11~\?!EJiJ 2 ~'U~v'U b~lJ 

\l1flm'j.,j1bb t~n m'l nv'U vv n b ut~n~lJ~1lJfl11lJ;ff'U'1J€l'l m'l n€l'U~'l611m 'jfl1 -&'61lJ fl1'jfl11lJ~lJ~'U5l t~.X1-&' €)~ 
' 

4.2 Vl~€l 4.3 Vl~B1m'l~1v'lJ<j~611'VlbVJVlJ1'U't~'1-ffB 4.4 n1~ \l1nJt~~-:ith~n'\.J'j~mrur11m1:wdfft~~1v61:wm'j 

A11lJ~:JJ'WWfl 'U<j'\.J~ 4.12 ~--:lb~mtJ~EJUb VlEJUtlUfl1'j.,j1bb'Ufl~1EJ~'U~u'Ub~EJ11?i''l'j'U~ 4.6 Vl~€l 4.9 \l~'W'Ul1 
~ ~ 
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bbvleHh~1 ~fim~~ftfl1'Wl~fte:J'ldbb!i1~'l1 ~b -H'Uml~b U'U 1 u11'll 'Unl~ 1 -b'i5Vll'lbbii1'l1 'Ufll~ibfl~l~'l-1 

m1~~'U"Uv'l cn-:Jnv'U bbvl v-:JiJ.Uv'W~l~ ru1~ tli'v-:Jvh n1 ~Pi m;-lVI ~" v'l b ~~ b~~5nvm1 t.JU~~ n1 ~ b -d'U ~UVI~'l'Ue:J-1 
'\J 

t.Jl-:Jnv'U~bbvlflvll-1~1 n~uVI~-1~1t.J~~-:J ;;r fl'l;-ru~-uv-:J t.Jl'l nv'U()1 v~ bi1~ b u'U.&'U 1 'llU~'Uv-1J1 m~ V!~vml~ 

b oU:J.JoU'U'llB,nllVl-1 b uutli'tJ ~-:j~~L UH-11,J1 'JB1J1A\Jl~B1 u 



' .. 
' 

'U'VIVi 5 

5.1 a~tl • 
'l1'Ul~ vd1~v11 n 11'1'1(91" tl'll (91 V1'l ntJ'U~~f'l11lJ~'U bbVJ n ~1'1 fl'U ~1 861 b UALVJ1:iJbVJ vi bb"~1~'U'U 

u'UVi nm~61 b UAV1-rll~~~'U1~'U b tJ~ vu b Vivu nu nT~VI1f'l11ll~'U ~1 vi6111 VJ'Hi1'U ~1 n n11'Vl VI" tl'll V~~1 v 
"" 

bf'l~tl'l61bUALm:iJbVJtJ{ ~'U11f'l11ll'if'U"Vtl'l61bUAV1-rll1'U'li1'lf'l11lJVTJf'l~'U 900 nm- 950 nm tl'Uf'l11ll~'U 

"Utl'l V1'l f) tl'U"Utl'l bb~"~ 1'11 tl ~ 1'1 n f'l11lJ~lJ~'Ut5vi'<J611Jf)1'Hl (91~ tl v bb 'U'U dj f)'IJb 'Y'l b 'U'U b :Uv" bb:U'~~~fh~lJU'l~~'Vl ~ 

61VI~ll~'UGAtJ'Ui1'l61'l (R = 0. 749) bb~n11U161lln11~VI~tlVll11-&'1 'Un11U1~111WA1A11ll~'U~~tlV"~A11ll 
" 

AmV~bA~tJ'UbU~ v b vhnu 27.9% 1 'U<uru~ b~tJ~~11ru1c.m m11'V1~1 v1~uuu'UVinm~61b tJAVJ-rll~~~'U1~'U 

~'U11f'l11lli'U"Vtl'l61bUAV11'111 'U'li1'lf'l111JV11f'l~'U 390 nm - 420 nm ~f'l11lJ~lJ~'UGfl'Uf'l11lJ:ff'U'1Jtl'l V1'l 

LA1'l'li1VU1~611'Vl b Viv11 b ~tJ-d1 v "V~tJ A ~1 'U n11 b~ tJ n~ m~ru~~1 A' f1J ~td16111111~~1 bb 'U m~vi'u m111~'U'1J tl'l 

1'11v~1'~V1.:Jnv'U 1~dJ'U 3 n~11 1V~v~m1ll~n~v.:J1 'Um1~1bb 'Un 91% bb~b tiv.:J~1nv1'lnv'U~~tl'1J1v n'U~ . " 

~1f161bUALVJ1:iJbVJtli~~ 1~m1ll~lJ~'UG'l~VI1'l'lf'l11lJ~'U'1Jtl'l V1'lntl'Ufl'Uf'l11lli'U'1Jtl'lb~'U61b tJ nVJ -rlJ 1 'U-d'J'l 7 50 

- 850 nm ~1-&"l'Um1tJ'l~mrur11m1ll~'U1~tJ~1 'l ~n~tJ'l 1V~v~~tJm1~A1111AmV~bA~tJ'Ubo~mvhnu 
'U 

4.40% 1 'U'1Jru~~b~tlvl1 n1 11 brl11~~61btJ nV1-rll~1~~1m~uu~~~'U1~'U b ~tJtJ1~111WA1A11ll~'U~1 1 (uvv 

n11 10%) LV~vH'm1ll~lJ~'Ut5'1J tJ'lf'l11lJ~'U'1Jtl'l V 1'lntl 'U fl'Uf'l"J 1 1Ji'U '1J tl 'l 61bUnV1-rlJ1'U-d'J'l 390- 420 nm n 

1~vl'Uf'l11lJ~'U'1Jtl'lV1'l ntl'U tl1 V~~-d1 V"VIf'l1111AmVI bf'l~tl'U 1 'Ul bf'l11~~ f'l111J~'U "'~1~ 

~1m.m f)1 1'V1VI"tl'loU1.:J~'U~.,'J 1~t11 b61'Utl f11 1U1~1J1 WA1f'l111J~'U'1Jtl'l V1'l ntl'U6111J11m'h 1m VI v~ 2 

~'UVltl'U b~11~1nm1~1 bb 'Un v1.:Jntl'Uvtlm uun~llmllm1ll~'U'1Jtl'~ v1.:Jntl'U~'l6111J11~ 1i61llm1m1ll~lJ~'Ut1 • 

1'Ui11oUtl~ 4.2 Vl~tl 4.3 Vl~tJLm'l~ 1 VU1~611'VlbVivll1'Ui11oUtl 4.4 fi1~ ~1m1'U~.:JU1111U1~111WA1A11ll~'U 

~1V61llf111A11ll~ll~'Utft 'U'lU~ 4.12 ~'lb~mtJ~ CJ'Ub Vivunum1~1bb 'Uf1~1V~'UV1tl'Ub~V1vl'l1U~ 4.6 Vl~tl 
'U " 
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5.2 'tiemtt.mu:u::: 

1. nTHVl~tllJ~'JeJ~1~~1'\Itru n1~Yl\?16'leJ~db ~BPi m~1~6'l'UeJ~fn1lJ~'Ub Wtl~el ~1~ b~m cr~ 1:w'1vi'w~1~tu1 

u~-.iltJ~'U 1 b'li'W ~'lJYl~'I'IJB~t11\lllB'U~bbV1n~h~~1n~'lJYl~'l~1tN~~ ~mH1.1~'1JB~t11'1tlB'U~1tl~bil\?lbU'U.ff'U 1 

'11U\?l'IJB~J1m\?l vt~Bm1:Wb .V:w<V''U'UB'IJ1v1~ b U'U\il'U ~'l~~bU'U'I1'U 1 'UB'U1AV11'1B 1 'lJ 

2 . m~~ru.J'U1~~'\.J'\.Jl\?11 ~iJ'li'J'IVleJ'U61'UeJ'I~fl~eJ'Ufl6'llJ~'I'li'J'I SW-NIR L\?ltJm~'lJrub 'lJ~tJ'UB'lJmru 
' ' 
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6. tb~?I'Uf11'HU~l~EnoU€l~n\m1J'U~'Vl1J·:n'Wl-o5'tJ 

'IX';rvn:h 1m~ m J 1-.D tJ : 

€l'U61J1'11'61U th~lii'1U~'U\h~lJ1ru 2554 (1 llJ.tJ 54- 31 il.A. 55) [Closedj 
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(2) "Thai garlic type classification using electronic nose system" 'VJ'W~~Vl~'Wf11Jl-o5'tJ 

lJ'Vl1i'Ylm~E.JBum1'llu1u 1..h~~1u~u'-h~lJ1ru 2556 (1 t'l.A.55 - 30 n.E.J.56) 
' 

(3) "Small, Dense LDL Fraction Estimation using Dynamic Light Scattering" VJt!'W~'W1 

ilnE.Jmw1 'Uf11J'Vll~1'W1:5'E.J'1J€l~B1"il1J~1'W 1 V!:W 611Uf1~1'Wf1€l~'Yl'W?IU'U?I'W'Wf11Jl-o5'E.J (?!m.) LJJ~~1u 
' ' ' 

~uLJJ~mru 2555 (2 n.A.55 - 30 iJ.tJ.57) 

(4) "Evaluation of rubber cup-lump quality using optical imaging technique" 'VJ'W~~Vl~'Wf11J 

1-.DE.J lJ'Vl1l'YltJ1~tJB'llm1'llu1U LJJ~~1tJ~uLJJ~lJ1ru 2559 (1 t11.A.58 - 30 n.E.J.59) 
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30 f1.tJ .60) 
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'Yl'WB~Vl'Wt!mJ1:5'E.J ll'Vl11'Ylm~E.JB'U61'i1'llo1u LJJ~~1tJ~uLJJ ~l-11ru 2560 0 t11.A.6o - 30 n.E.J.61) , , , , 

Journal articles 

(1) Suchin Triron\liitmoah, Toshihiro Sakurai, Kazuya Jinaga, Hitoshi Chiba, Mana 

Sriyudthasak and Koichi Shimizu," Practical technique to quantify small, dense low­

density lipoprotein cholesterol using dynamic light scattering," Optical Review, Vol.23(2), 

pp.265-272, 2016. DOl: 10.1007/s10043-016-0187-9. 

(2) Suchin Triron\liitmoah, Zongporn Juengmunkong, Kornsorn Srikulnath and Pakpum 

Somboon, "Classification of garlic cultivars using an electronic nose," Computers and 

Electronics in Agriculture, Vol. 113, pp. 148-153, 2015. 

(3) Toshihiro Sakurai, Seiji Takeda, Jun-ya Takahashi, Yuji Takahashi, Norio Wada, Suchin 

Trironsjitmoah, Takeshi Namita, Shigeki Jin, Akiko lkuta, Hiroaki Furumaki, Shu-Ping Hui, 

Hirotoshi Fuda, Masato Fujikawa, Koichi Shimizu, and Hitoshi Chiba, "Measurement of 
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single low-density lipoprotein particles by atomic force microscopy," Ann Clin Biochem 

November 2013 50: 564-570, first published on July 30, 2013. 

(4) Suchin Trirongjitmoah, Toshihiro Sakurai, Kazuya linaga, Hitoshi Chiba and Koichi Shimizu, 

"Fraction estimation of small, dense LDL using autocorrelation function of dynamic light 

scattering," Opt Express, Vol. 18, No. 6, pp. 6315-6326, 2010. 

(5) Toshihiro Sakurai, Suchin. Trirongjitmoah, Yuka. Nishibata, Takeshi Namita, Masahiro Tsuji, 

Shu-Ping Hui, Shigeki Jin, Koichi Shimizu, and Hitoshi Chiba, "Measurement of lipoprotein 

particle sizes using dynamic light scattering," Ann Clin Biochem Vol. 47, pp. 476-481, 

2010. 

Proceedin~s 

(1) Such in Trirongjitmoah and Koichi Shimizu, "Fraction Estimation of Small Dense LDL Using 

Feedforward Neural Network," 11th International collaboration Symposium on 

Information, Production and Systems (!SIPS 2017), Kitakyushu, Fukuoka, Japan, 

ISIPS_2017_paper_50, pp.189-192, 14- 16 November 2017. 

(2) 1';if11'j" 1'lfl~1m~e:J, e:J5~'lfl ~~m, ~-au 11il';i';i'lA~IilbV!l.m: bb6'1~ th~~'Vlt 'Ufl';i';i1'1! "m';i"P\'n'l':f1~l.J'IJ~'Vli'l • • 
1vJvh'lle:J'lm'lne:Ju~1tJ," f11';ith~'lll.t5'111m';i1mm'j"lJ1vJvh fl~'l~ 39, b~'I!Tul GNoo7, 2-4 • • 
~~f"l~f11CJ'U 2559 

(3) ~-au 11il';i';i'lA~IilbV!lJ1~. 11~u1 uut:-J111~-J bb6'1~ nu1'V18 ~'IJbnl'l "m';i'I1\Ylb'l1t.Jt:-J6'1'1Je:J'le:JruV!.n:W1u';i~uu11'l 
, , , , \1 

n~'U';i~t.J~1n6'll'i'1tJ~lJ1~'V11vJu," rmu';i~~lJ1'1lln1';i lJe:Ju.1~v fl~'l~ 10, 7-8 mnDlfllJ 2559, V!.Ul 1 -

9 

(4) Suchin Trirongjitmoah and Pakpum Somboon, " Identification of organica lly grown shallot 

based on electronic nose system," 9th International Conference on Electrical and 

Electronics Engineering (ELECO 2015) (CD), Bursa, Turkey, pp.135-138, November 2015. 

DOl: 10.1 109/EL.EC0.2015.7394474. 

(5) 'Uf"l';ilil ~u6P1~ bb6'1~ ~'au 1m';i'lA~IilbV!lJ1~,"Smartphone controlled boat for electrical leak • • 
location," 38th Electrical Engineering Conference (EECON' 38), Ayutthaya, Thailand, GN 

07, pp.241-244, November 2015. 

(6) Suchin Trirongjitmoah, "Estimation of small, dense LDL fraction using dynamic light 

scattering and precipitation method," sth International Conference on Optics-photonics 

Design and Fabrication (ODF' 12) (CD), Saint Petersburg, Russia, 4S3-06, July 2012. 

(7) Suchin Trirongjitmoah, Pakphum Somboon, "Post harvested day assessment of pineapple 
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using electronic nose," 34th Electrical Engineering Conference (EECON' 34), Chonburi, 

Thailand, GN 010, pp.581-584, Dec. 2011. 

(8) Suchin Trirongjitmoah, Toshihiro Sakurai, Kazuya linaga, Hitoshi Chiba and Koichi Shimizu, 

"Attempt to integrate dynamic light scattering with precipitation method for small, dense 

LDL fraction estimation, " 33th Electrical Engineering Conference (EECON' 33), Chiang Mai, 

Thailand, BE 012, pp.1593-1596, Dec. 2010. 

(9) Toshihiro Sakurai, Suchin Trirongjitmoah, Yuka Nishibata, Takeshi Namita, Shigeki Jin, Shu­

Ping Hui, Masahiro Tsuji, Koichi Shimizu, and Hitoshi Chiba, "Evaluation of Lipoprotein 

Particle Sizes Using Dynamic Light Scattering," American Association for Clinical Chemistry 

(AACC), E-19, Anaheim, USA, July 2010. 

(10) Suchin Trirongjitmoah, Toshihiro Sakurai, Kazuya linaga, Hitoshi Chiba and Koichi Shimizu, 

"Fraction estimation of small, dense LDL directly from autocorrelation function of 

dynamic light scattering," 7th International Conference on Optics-photonics Design and 

Fabrication (ODF ' 10) (CD), Yokohama, Japan, Apr. paper 20PDp-04, 2010. 

(11) Suchin Trirongjitmoah, Toshihiro Sakurai, Yuka Nishibata, Takeshi Namita, Yuji Kato, Kazuya 

linaga, Hitoshi Chiba, Koichi Shimizu, "Development of technique to estimate small dense 

LDL fraction by dynamic Light scattering: II," Optics & Photonics Japan 2009, 24aC9, 

Niigata, Japan, Nov. 2009. 

(12) Suchin Trirongjitmoah, Toshihiro Sakurai, Kazuya linaga, Hitoshi Chiba, Koichi Shimizu," 

Fraction estimation of small dense LDL using mean sizes obtained in dynamic Light 

scattering," the European Conferences on Biomedical Optics, MM1, Munich, Germany, June 

2009. 

(13) Suchin Trirongjitmoah, Toshih iro Sakurai, Kazuya linaga, Hitoshi Chiba and Koichi Shimizu, 

"Solution for fraction estimation of small dense LDL by dynamic Light scattering - For 

bimodal Gaussian size distributions -," the 4th Asian and Pacific Rim Symposium on 

Biophotonics, Jeju, Korea, May paper SEN-10, pp.188-189, 2009. 

eJ'Um1'1!51il 2559: 370 vnl1. 
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Proceedin~s 

(1) tJ1~i1'Ylt 'Ufl111'11 111rum ?tu~fi"'Vl bb~~ B1'U1\l 1"r'j'Ubbn'U, ""J~uubb?tVl ~~~?tme>1ml"lm~1n~," m1 , 

tJ1~~lJl'1!1f11'J lJB'U.l~tJ fl~~~ 8, 17-18 f11f1~1fllJ 2557. 

(2) e>n~'Ylt Pl1u~8 61~"r'j~ ~u~'U'Yl{ bb~~ tJ 1~~'Ylt 'UAA11'11, "vl''Ubb'U'UbA~e>~e>e>nn1"'~m t.J~~ t'l"r'j"'"~1'U 
" 

1 vJvh," f11'JtJ'J~~lJl'1!1f111 lJB'U.l~tJ A~~~ 8, 17-18 f11f1~1fllJ 2557. 

(3) tJ1~i1'Yli 'UA111'11 nii~l'lJ'l11 'Yl~'U'Yli ?t1t.J1 ~~1vmJ bb~~ ru1~r11'1n~ iJP11, ""J~'U'U?fl.lVJmJ't'l1'U~~1 vJvh?t1 
'V , \J u , 

lJlb'YJ?f, " f11'JtJ'J:::~lJl'111f11'J lJB'U .l~tJ A~~~ 6, 25-27 f11f1~1fllJ 2555, 't-11J1 263-271. 

( 4) tJ1:::i1'Y1i 'Ufl111'1! 1'111'W'Yli "r'j'J.,l.lfiUJ bb~~ 'U1'U'Yl{ 'U1"'trYi, "bA~e>~B1'UtJ1mrum"J Htl vJVl1bb~~ 
' 

J1tJ'J~tJ1 H?l1tJ," f11'JtJ1~'1Jl.ll'1!1f11'J lJB'U.l~tJ fl~~~ 6, 25-27 f))f1~1AlJ 2555, .,,J1 244-252. 

(5) tJ1~~'Ylt 'UA111'11 \l~~l'l'l181'UI"1~b:i1e>~ bb~~ 'Ummru ~6'11~. " bA~e>~1V1Arum'I"''Vl1~mt.Jm"r'j'1JeJ~.V111V~t.J 
' ' 

f11'JtJ'J~lJ'J~~~Jl1"r'jblJ~V1oV11?f1'J ," f11'JtJ1~'1Jl.ll'111f11'J lJBU.l~tJ A~~~ 6, 25-27 f11f1~1AlJ 2555, .,,J1 

222-229. 

(6) tJ1~~'Ylt 'UA111'11 \l~~l'l'll tJ1'UI"1~LiJe>~ lb~~ tJmmru ~Li'!!.;J, "m"J~m~1 m1m1\l?te>uArum"r'j'Vl1 ~ 
' ' 

f11tJJl1"r'j'1JeJ~oVTJ 1VltJf11'JtJ'J~lJ'J~~~Jl1"r'j~~t'ltlmlJ~VloV11?f1'J ," f11 'JtJ'J~'11lJl'1!1f11'J lJB'U.l~tJ Af:J~ 5, , 
4-5 i1-:m1AlJ 2554, .,,J1 194-202. 

(7) tJ~'1!1 ?fl.l?fe>'U 1?t1t'l{ urut.JI"l bb~::: tJ1~i1'Yli 'UA111'1! , "f111fl1'UAl.le>tJmru1vJVl1~1'U'U~'Vlli~1tJ 
, ..., , , 'U 'U 

1 'Yl'JPl"r'jvibA~el'U~," f11'JtJ'J~'lllJl'111f11'J lJB'U.l~tJ A~~~ 5, 4-5 i1~.,1AlJ 2554, .,,J1 164-173. 
' 

·: 
(8) b'1111~'Vlt 'lJ'lJI'l1 bb~~ tJ1~~'Ylt 'Ufi111 ~J, "f111lbA11~'1.1tJ"J~~'Vl6m"r'j'1JeJ~ 1m~~1t.Jn11~~~b'l"'~nszib'U~bb?f\l 

' d ,J.,. • I 1 ' . I d 1··1-~ ' "' . I bb 'U'Ubb 'U\Ifl11lJtJ11A~'U'YllJf11'Jbb u~\lbb~~ l.Jbb u~\lfl11lJC.I11A~'U'Vel\l f11'J Yn"'1?f'J'UJllJ.f11A," f11'Ju'J:::'lllJ 
" ' 

i'111m1imm1lJ1vJVl1 A~\1~ 34, 30 "r'j~f'l~mt.J'U- 2 5'U11All 2554, .,1J11113-1 11 6. 
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