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E ot B ool dAAde] e olRAse] §¥ AHEDS e Aot

10 9 1S EY BA9) 2 I3 BACld) Tk (R 10) L = 1)) RGB olvA) 2 4
Mol A4 sgdiel G onAE e Aot

=12 3132 oy EFE diF B gkel A oluA(9]), & 7INk A oW A (7Fe-dl), RGB 7IRE A
2] ojmA| (etel)E HERA Aol

= 2 o] ddAdel mE ke AaFe] AR oled HE A& ARS yER Aot

E 155 A2 £9e 98 AR dEels L 4HH ol Zde] A Azks HWe vekd Zelt,

H

ge HAsl7] flek FAF Q] &
lé Uﬂ*ﬂ/\ioﬂ AMEEE BEE Ve8] 9 HEgolE tE
g oz oldEE A TA3 ouS spATE, w3k B s El
gt X% (comprise, comprises, comprising)®]gti= €0l v B, @A EE 4999 4, € &
AL ou|stir, qloje] oW vt 7, WA e 47 Ed EE

°o

3 A AEEI] @4, B MGl AgE Fol 549 AAdE JEs] 9% A
B ogRss SSAT Welol SJelAw @ATE B wwe

g, ¥ owe] olg b AAelE
53] whgrd s frelshtka A s

2 54E 28R 5 Aok, e, ARE wUg Az ¥ W
el mE vy Aairel AARE ol:d HE AAFE LCIF 7|8k ojvx] A, de Jhde}, 34,
A | o

LCTF(Liquid crystal tunable filter)= A o] HAV|2 ZA 713t 33t gfgdg o}y, BE9 LCIF 7]
gk 233 olu|A] AHE|7|= LCIF, vEd=, shder, gl o] al= AT, o] FAdel| uwhel LCTF
719k olm x| A= X 13 o] F AR Her FAAT 4 9o, 7 b with - AT EA

Eide

T 1(a)e Al Holot-e Fhwg, EA= 2 LCIF AR viX 9. o] wixe Fo AdLe dsiti= 740]
ok, SHAIRE LCIFS] 2he: e/l ool d=o] 7Pdxte|e] 3 3Ag Qs Azs

vignetting) & 4oz 4 v}k, gLo] o] wAE BE 12~15° ALY AsE =8 37 (acceptance angle of
view; AOV)o.= <l8] AJofzb(field of view; FOV)o| Agtdct. webr A1 olo}& AFE A X
(machine vision applications)$} o] Y- Fi (FOV)S Z=70sok st Ao addolgta & 4 gir).

T 1ol Yebd viel o] tiE =& LCTIF 7IWF o|mA] A7) Skell wix], & 7ieel, LCIF 2 di=d= &
Az Ao EN FOVE F7HAZ & dnk. eRE A2 folobd X1 EMA =4 A (flange focal
distance; FFD)E 713 EH% A=z7t glojof BAE JhdlEle] 24 #HW ald(focal plane array; FPA)ol HZ
Al g gk 2 3] ¢ ]"ﬂ ol A AM&-¥ LCIFS] 77+ 48.5mm =, o|W|A& EHA o2 &FYFs7] 9
= FFD7F 50mmE % 3}5} T d=7F a9y, dE d=9] FOVE LCTFY =87 (acceptance angle)ol] -3t
ok g}, SFAIRE o g A=E AlFo] EASHA &, 1 2™AYGT0 m) e} Al o]yl X1 FFDE 7k ¥
Z2HAYE M dE d=2= HFH 9 Al=¥l(nachine vision system)ol A&
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rlr

rir‘égm‘

g 5 oglom, Z RV (5 am) o ATHE A9E 0% aejsi

M, = 1(c)ollAl Role= Hiel o] Hyo] 25 A8l HEdze ¥ AEY FRDE 528 4 Y. 5
A3 Hololxe il o] W=, LCIF ¥ dEd= &A= wjxgr}. olzdk A3 #ojo}e 41713l on
2 ¥luvl¥ (image vignetting)d A1 #olo}2-¢] Z& FOVE % 33s 2Y EAS BHOF, FFIDE 34sls= &

Aol ¢ 29 AR A2 dolobe] FAS FBY  Anh,

A3 dlojokel Aol F7F tARl WG 33 olmA] Ao A7)7F AR = ZAZE QAR T2 ]
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Y8 (vignetting)e] §I= ¥& FE (20 < 20 on) THEZ o)z = %} 43t= AFE dAH(machine vision)
714 A ~'lS Al Aolal, LCTFY ZE 7] A& (20mm) ZF AQV (12° ) HT}F = Zg/he AV 87522
LCTF 719 &3 olu|x] A 7] /¢S 3l A3 dolof-s Me3ic),

A3 dolobel 7iukate] g% LCTF 7]9k oA A2 & = 20 YeEhiodet.

dhgo] w2 LCIF 7|9k ojulx] He|ZAE 9 (area) =70 7hvlg), o] A=, #d o AEEYE
ek LCTF 9 diEdl= A2 mfjX €. 47 99 (area) 220 hEhs 833 o|nx] A& 98 A=
2 EAAol AslAg A& (Charged Coupled Device; CCD) Zhwlzl thal Awd F<44k3F W= A (scientific
complementary metal-oxide semiconductor; sCMOS) ZFHlg}E A}&3ht}. CCD 7|wF Fhd gk} W] wate] sCMOS 7]
W FhlEe w2 44 287 A2 wolzo AFHE ZEa o], ole v WA FF olvH] A F
3%k Apgholtt,

g o] AAjofol A g (area) =7 JHHlEIR AFEE Z=FFE sCMOS ZhHlEF(2048 < 2048 pixels, 6.5 pm
pitch)e] AlA Z7E= e =2 18.8 mmo]™ 400~1000 nm E3Fthe] 16-bit oA S 80%] UA} &= F
g 4 k. JhlEE 3.1 dEH ol USBE F3l HFE S A48,

B ool AAjdo A AFEE LCTF <1 Kurios-WB1 LCTF (Thorlabs. Inc.)+ Z2]7] =717} 20 nm ©]al 550 nm
oA 45%9] F3&S 7HAY. LCTF #e sl=% LCIF AESHE S8 A7|Z 40| 7}sdtn o T 714
B 3 (420~730 W] IS HA 1 om B2 wEA dEE 5 la, Hek 3 (420 nm) ol A #H o)
& (730 nm) o2 WAsEY] 50 ms o|ake] Alzkwbe]l AmETh LCIF %@k v AEZES AoER
AR, AEEHE USB Aol &2 AFEHY Jd4H).

e 0 r}m

3 % "Y#o] W=(Channel Systems, MB, Canada)
v i ARske] ARgERitE. "ol Ei]E‘C 3 30 cm Aol UE FH AR FAAE Ak, e
o] =E wA 2H 2AH7IE AT Cmount HE A= <l I o™ Hu 2lmm TholofAYE
(diagonal) AA7pA] =A|Qstt}, Hyo] A= FH 3 s LCIFE JHdelel ddsta A shvs LIRS
= d=et AZg).

25 mm 9 %2 AL H £/2.09] ZYME Ad C-mount ™HE WZ(Kowa Optimed GmbH, Dusseldorf,
Germany)7} = 20 uERH uRe} zro] o] d=e] AZAHGTH. AEE e WA=E 7RAEA 3 (400~750
nm) WellA] Mol m&o] 31 25 mm tholef A d (diagonal) 7hvlE} AAME X hstt). E3F LCTRA Yol wrd A7)
= Ao AR S Akaty] el LCIF el 750 nm = @2~ HE](short pass filter)E sk Zlo] Fu}.
AEE 9dAF(Machine vision)o|t @ ol 7] A|2®oA 714 sl BB
)2 FOV HAel AA Aol w4 dof g, 1 A2 29 F ves 33 2
(Line) =70 ¥4 olnx] A2k @] LCIF 71%ke] d % (area) 270 ofm
lighting)o] L%},

2 el w2 LCIF 7|8k ojm] =] A%

E
i)
>
[>
et}
rlo

Ax AZe WA LD 2@l wAG olvge] A8E % 91,
22 AoHow x@ste] @Y ou Aol A} QAN o] THE FLL UV-A (365
o) H3 AR AEee 2T - e £HAA (STT00, Nagnaflux, IL, USVE AFG-eeh. weba] shbel
WAAZ AR G ol Bl A1eE 4 3

B o] mhE LCIF 71w olvlx AeFAE LCIFSH 99 2 Al =% $715ste] wHlE 2 g
Y onAT Y g Beld 2TESC] AEH] 2T AWE9I8) LabVIEN LEZEH]S AL§F
. = 3o upepd wkel gFo] LCTF 7]k &g ofw|x] AHe|7]e] AZESJo] Qo] LabVIEWS] vision
development module ¥} vision acquisition software (National Instruments, Austin, TX, USA) & %3
Microsoft Windows 27l 7dd 4= rt.

LCTFE #AEsta 2Fst7] Yl 7hdel AlxAbol Al A 33k software development kits (SDK)$F LCTF7F AREE
th. Zhdeke] SDKell= =3 AZF AE™, Fhdel wE53 Z2AA B8 RE, A FFT B 9 A", o
vx g $A4, ada o8 AAHS Fe LabVIEW-VisZt EdEe] vk, wEIIXE LCTFY SDKel= 33
M AEE we &4, 183 LCTF status monitoringE 3k sub-VIE©o| X3 % o] ¢jtt. vH]|=E LCIF AEE
217} 5V transistor-transistor logic signal or analog signalsE Al&3le] AEZH 2 stodF F4L =#A
3l external triggering Aol AT, B Ao HEFe= T2 webx EA(trigger) = A 3t
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[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

AL w=FARE F71ske i
LCTFQJ i] ] 21—% %
W a7 &wrt =g
Y}, peete
o], 40C)& ¥
7} HEE g

WA 45Tl LR UF WAL U Fom sl Fa)
o, webd Alzge] 4Bt ok wge 98 TEagen &
=9 45 Fol RUHY HY. i} WOF F shtehe =

e @ L%k AASE WA A w,w Ao,

[oL

z
>4
o

é

2oy AGH e AZE] dHFAolAe HolH FH& AVEA RER St 253 o|nA] A
= E’—E"ﬂ"i"i AREAZY 3 e S UE dEHE 2 AEEY hdek sho]l# - H(complete hypercub
e)E & F Ak, Adug gFge owAE AV] fElA e thEF olvA] Ay R=E MAEg & A8t
g delet gyl = (H4 27DE YEsiH Hrh. Yolrt i ojnA| A HIoA dEst I o] W
Aot thEd on A A EEdA] dEgk s dolE AR 4 vk, ©d g olv A AY REs 54
gk g 7 T ]’EH94 oM A E &Yt Ak, AUk AVEA] RE B &3 ol X & TIFF 2oz A9

LCTF 7]¥t olmx] A 2HE HA4o ZAys A7) Y8 ~FEed g9 2 FF FdY(spectral and
spatial domains)S H A= Z\O] v}, 28y AFAIEC] LCIFEY 29 E" 99 (spectral domain)g ©]H]
BASF D, A RuMEdd wz2d AFA7F WA 9 F(peak) B3 AA ZAE gAE59 237 AUl 2 nm
ﬁQEEAMMmﬁmm&MwMﬁtimU,ngetal,%H%L olgd g BAL A ¢ k.

% o4o] B owe] QANde] mE AT ALFI A oJBW PE A2US o §F oA AF HYL =
How QT AZRe 94 e LCIF 718 o)A A2l gAsh U-A (365 m) F9, Ael Fvlets} of
T ogerel e 292 wixE WA LED B9, Adlolo] WE, AumE, REAC/E EdsHE uo]of
Fl Elm AR fules pgEe g

LCTF 7149k olm| =] Agidx]e] g onA] Age olmdE FFowt vzsA wgstnz, o oj&z
AEst7] 93 22 4 Ay o] A(RGB ol A)E &3t A FHvetE A AHEETh & EH
oelA A& Il 5-megapixel CMOS camera (Hikvision, MA, USA)E 25mm ZFAZe] WEA=E
AREgth. Adlolo] F3 9 AEES AP olwA= WA LED xwol o3 #FJErt. FF, Ay olnA A
A2 FAY A FHES Smm FAL H2 FH(partition) &2 Yol Al oux] XgE $Jgh WA [ED 27
7 FF olnA Y] UV-A 9ol A2 HHHA FEF g},

mz mln
1ru > o

A7) Adjolo] e Zg o ~H $d e (polyester urethane) AAE A ZE Sl o] Aujojo] MES AR+
A AShE A4 Fol 27 FA9F 22 SIQF Al o]EZ S 2 FF A% g ¥F ovA AR
A7) wEel ik ziwjolo] WEE AR&git), Ziujojo] WEQ} e Mol olE o] HFF =LA A

=

hAEd &

$= Ay ouA] AYRE, FF ouA] AHYRE AEL 5 §lu. F3k 7Awle]e] ME(polyester urethane)
o] EXA & 50 yehd vle} o] 465 nm 2ol 73k &3 ﬁ]i‘.(strong fluorescence peak)”7} t}. uwEpA]

ool WIE § HgF 242 uojo] MES] FF Aol vlaste] JiHor W FFEE I ER

o] AL ZRaloRr Aojxa MEES FF omAI7t WA FEHE F, Ay ouA7t F9F
I E71sksk k. S 7]RF(Speed-specific) F& E 7]¥H(torque-specific)®] 2% RH
71Rk(position-specific) 22§ BEHE AL&3lo] MEES 9 AXE AL AT

@
%4
D
LS
=
o
—t
o
=
o >
2
d

st F3 2 de] 3 olvA M 7Rk 22kl Al =
HX o] & 2o}l dlo]E X]4>(data dimension)E EUOZH
( S ZrAsHAl A S AAIE olm X

weba aF oln A AYE A 7] HA AFde 7 Axe olEdY FF AFERHS FEI SUoE 3
ate] dEgict. 4 ALk, Huolo] ME | T8 o|EAES FF AYWAE VIEo® FHA EFd(spectral
band) & Ad¥gitt. 7 o oA H|&Z} olnX] Z}F(summation), FF7}(subtraction), 1?45’— sk ojm |
SHA Bk (thresholding) & 83t IdstAIRE @iAQl o|mA| A g dieg|Es /fdste] A8 P = 4
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GG LCIF 710 B4 olulA5e [CIF) v#Ad o] w& wie] nlde d8e e & Av = =

7ol ekt vhsh o] Mulge] WY Ed WE o]n| vk thE 4 gtk whebd dely ¥4 AR A of

A el muE e Aok Geh, B Agel A wulg £4% Slel LabViews WARS VIE ALgsienh, v

dgel 48 ouAEe = 7o) vhehiglth, AEE RE WS onAEe doly B4 1Y Ad HdY

e AR, AR Ao ol Aol uulY dye] wAHA wsich,

<A % APl

FulFe o F A FF A Az AES dAY F QAR b FPAAA AFRY, o] F Az Y

of thesl wheke Ao] weh Adel AT GulF AEe AW HAowA oib serw, v A@
A, g do] wi sebaold FuE skt Aol thesitt, mebd §¥ s9Es 4

& ke SarenE A iHMﬂ A @A =
of vehd vhoh gom s A<l Feh 9 ,
G TRlm RS K R AN U B T U 274E Egrec

N
NG
o B>
oy
N
o
Q
o
Q
Y
o |
el
lo
rd
ol
i
rlo
ol rlo
I "
N o

JBAET AxBe] BE oML §F olnA Azsh Ael A BT o gete] AU, 7 Axd
A o2 el A AE AsE Eulssn. A9 A e 38 D T
2o EW PG ) BAEL Ak AU AW AE 204 oA WP olBAW Ak ATh B AT
o e 9%, IR ABAEE s Beh. oF 4] AY ASE A%, AGF o]0 5E Ak 4
& el

olEAT AlQ AAEe] 3, A °]U]X]7} 7k Ay MEnY ZYJERC. FF oA ES & 4o e v
o o] MEES Zvlolo] fylol mixg F UWV-A 29 3t A ZFdgrt. LCIF 7|9k 333 o|u]x] Hg|7]9] FOV
= oln x| X g7|7} AHjolo] ME 82 cm o] LAEAS w) 24 X 24 cn ?\i_L nominal pixel size ¥ 85
mSth. FF dlolHE 420~730 nm W TielA 5 nn ©E 150 mso] =F AIRFOR FEEQITE. 4 X 4 ¢
spatial binning® ZA¥} 512 X 512 X 63 ¢] hypercube (512 X 512 image size and 63 bands)”} T4 % AT},
WS RGB o] A= WA LEDE ZWE dHdA FS5EHULL D =F A HAHY onx] S 98 10 s
o= HAsdrh. LCTF 79k 33 o]ux] A2 553 sto]HF H (hypercube) 9t A2l 7hrlgtz EF3 A&
2 F5 BAE g AGEAT.

(1) Zdeolo] ME 7hy Ao R olede] 94 54

ZTHAEL A QAT Y Hol WAEE olEF F shvolrldl, ¥ AEES H8 aEATR] Fofr]
(photoexcitation)® <13+ o FF elS o]&3ltt. do ALEE A|F9 Zg2€ELS WA (optical
brightener)9t 2 H7ME wiol =2 FF#S Zerh. 2 Ao mE AAddA Agd P ek~

g (ZEA) o]EHEL polyethylene terephthalate (PET), polypropylene (PP), polypropylene-isotactic,
nylon, 1#]3 acrylonitrile-butadiene-styrene copolymer (ABS)Z o]Folxt}:, HEF Fg2g
polyethylene (PE), PP, olefin low density polyethylene (LDPE), Z12]3l black-coated nylono 2 WHEo]x]
t}h. o] mEA (ZF2E)ELS FI-IR reference spectra® 2J¥H3ltt. RE Zgtxg olEd 59 FT-IR
spectrai= attenuated total reflectance(ATR) M=% 7)< (sampling technique)o] Z2® Nicolet 6700
(Thermo Scientific Co.) FT-IR spectrometer@ ZFA3}IANTE. 7|58 EE AHEHELS 182 /7 IS 4

3] spectral library (Hummel Polymer and Additives, Polymer Laminate Films)$} H]n3}Sit}.

S A(2E, $F, %, A4 5ol A An wEeld Awelo] WESY FY 5

%
datleh. ARt A 7y T HPRA oledE Auleolo] fH oM AES] HeliM=, B A= Aol
2 olmde AFD 7 RS 7olo] ME AAS] FF Sdo] glojoldtth. mEhAM i AAldlel A= 465 nm
el A9k 94795 9 polyester urethane #je] s}k Auojo] WES ARESIITh. o] WA 2o
ol ME= v At & Ay oA A el WAl opd Zete] olmdE A HlxE HEs 2 4 9l
U= Aol vt

5= 50 uEbd Ak o]l A Aie] G AHAENDS GufFo] 45 685 nm, o] - 710 nmol M AR F
peaks WoFTh. o] F7HA peaki= Z47b ZRAIRAW F& G 2A A Gl At gl o] Airs
o] =2 AR wel AT, 680 ot 710 nm A O] GEa FFE A FFA V1o AR Aol A
Uss Addshed ARSHAtT. 7 olwde gF ~HER E3k I3 hypercube HOJH AECAM FE31o]

_10_



[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

A Aol & u, MEEY A 77 W(420~730 nm) ] o|u|AE #HGsl=

woll Hla&A ot maA doly F5 At dlolE ZREAY HIE EFo]7] A3 A
3 HAe AAYE AABFE. Data dimension Eo]7] Q& H A o
component analysis (PCA) ¢} analysis of variance (ANOVA)7} 7F3 H#E Aoz ALg&HTH, o] F WY
ME 5AE A 2o E &7ty 9 HA 9 s x3s 3 o s e, 2y

olo] MES} T 9o IF(A B o]EAH)E WA TSk, olF A oEHE T o 3= v
o] EAloln® & o HFsitt.

Zwolole] P ~HAEHDS V|Fo R /M E2 FFFE Zh= 465 nm I o] AEHUG. 10 2 11
Elyd nlo} o] ZAuo]o] HMEOA Yo FHF 5= vYPF o]EHAE 95 Aute] QEE P Ak g
obAAl k. whEbA 465 nm W= oW A& o] &al H|FF olE T ATk ZF2 o= 675 et 710
oA 7z EE a%ﬁz et dulset g AlZols dlw ads ARgste] olEdE HAEsaA
3}@3} UA A ufﬁ 4 ol=HEL 465 nm =2 615 mmoll A A3 &3F peakE 7HI. )
M= = ATk, 615 nm o] HAHolo] HEL 4 &

gomz P4 olEd e &&HAT. AW = 10 B 11e] yeRd npep o
Aol A WA= FF Alse S wE EAVE BT, 54 ol2dd AAEY 5A F
7PAB® o] waveband image Wiitol AR YA whE AdVF vE = Ao, ol2d A4
7} 3] A}o] Y= 435 nm waveband imageE &3] EAlZ 0H7ﬂ 33t 0]

(3) @33 omA 7t ol2d HE

Asvl B4 olBAR THE AP set-1& olBAE Akg Aol A= WA T AR A7 @)
AF Aokt ASAAG. I o18Y WES AL PAAE A set=24 ARG, 74 AGAIA A
B4, 71 98 ALal olgd T RARE WAL depd 0o @A) el ALt el 2
£ olBAES A2¥e) QERT LHUA Gk EY Hud olBd T THAES % 12 % B4 ek
whot ol A ) A 4F ARelE AL H T

A A olelA e elgd 4E AWAF A3 129 T oAl et vist gk olga

sk S A e AF A AT HE B oA BAA GEISG. 1 % 2t 4
Juish b AU ol BAEL AAeA WEF £AE
F

imaging; RGB: Color imaging) 7W¥+$+ LCTF 7|WF &334 oln|X] Azl Al=®e] Hyt HE A

o ]' "L:_‘ T O T
850 olgolrt. TR TekawE, ghe UAE ), e YR THE IBY oBAE wE AL
AR AUt AW AL FEHEZ, We v UFEd, 4o wF w254 Seagn ge

22 WP FA ol2HES HAEE T jlvh. webA ol A2 vFEFAA U 274E HES] s AE A
E 1& 7]Wo & global threshold value® ZA&H AZE mAg = =

pixelso] AT, HE EAZ M 4 F MY FF =
ebds] AAT + Urt.

EHF3hEA W false—positive
FRA wjxFgo 2N st
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w7 A
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k1
N2

1
(g
~

Camera

Relay lens

LCTF

Objective
lens

FPA: focal plane array FL: focal length
FFD: flange focal distance  OID: object to imager distance Object

EH2

sCMOS Camera
(4 megapixel)
lllumination source
(White LEDs & UV-365nm)
r

——+ Relay lens

LCTF optical head
(420-730nm)

Short-pass filter
(750 nm)

Relay lens

Objective lens

=\ ////////4 - jottive
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EH3

I Camera control Chung i Uniy ity & g Yy LCTF control
Image Parameters LCTF Status

LCTF Connected 4

Current Status  |Ready

LCTF Temp (C) 1329

‘ Control Mode Q‘)!Manual

Hyperspectral Imaging Q

CameraConnected

ExposureTime Base unit

9!200 5}Imnliseconds

Required Images |63

BinHor  Bin Vert
Binning 14 ;34

Trigger Mode 'r\ software

Start Wavelength (nm) ‘| 420
Collected (nm) 555

Band Interval 4 5
r:
End Wavelength (nm) 730

Save Wavelengths @

Flat Field Correction @ ‘

Camera and Image Status

Current State |Start
Multispectral Imaging )
CCDTemp (C) 339

]450 11520 -:lSSO Llszo
7 5

Single Waveband )

Cam Temp (C) 38
Recorder On [l

Scan Progress = = l Set Wavelength ;:’ 460 ‘

- 7 “ 512x512 110X Unsigned 16-bit image 1820 (20,23) ‘]

Preview X e
1 5)}512
Save Data - =
Test Name [ i ok . .
() 1 CAUsers\Santoshi\Desktop\Data m! rETNon - Start B qQuit Ao a4 512
Er4
Color Fluorescence

White LEDs
illumination
|

Computer unit

Stepper motor —»

Motion controller &
board —*

_15_



k1
N2
%]

103 10® 10°
15 12 -
1.85 Conveyor Belt Cabbage Green Onion
4 4 4
=
g 10 8
€175
s
=
5 4
16 1.6 16
450 500 550 600 650 700 450 500 550 600 650 700

Wavelength (nm)

450 500 550 600 650

Wavelength (nm) Wavelength (nm)

700

Fluorescence 3D hypercube

Selection of optimal wavebands

Color (RGB) images

v

v
B1:435nm

v

Average
(B1+B2)/2

{Bright objects)

v
Image thresholding

Convertto Gray scale image

v v v
B2: 465 nm B3: 615 nm B4: 675 or 710 nm
Dark objects » Gray scale image >
Image ratio Red and objects —» Red channel - gray-scale —» s
Yo (83/84) * Ed
Image ratio s
(B2+84)/83 Green objects ——» Green channel—gray-scale —» | .
4
2
v . v § ®
Image thresholding  image thresholding Blue objects— Blue channel —gray-scale »
(Dark objects) (Bright objects)
Image fusion
(detection of all colorful objects)
v

> Image fusion
(for detection of all bright and dark objects)

D

of color in rithm

processing a

Color (RGB) image

e

TR

Gray scale image

Red channel - gray-scale ———— Green channel = gray-scale —————

Blue channel - gray-scale

22 Please refer to the next slide for image-based representation

detectic

wsed representation of color i

processing algorithm for foreign materials
in fresh-cut vegetables.
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Original images

After vignetting correction

k1

435 nm

Vignetting Correction

475 nm

]

615 nm

oin

@ wood pieces

@ Peel’s residual

@ Bugs

@ Non-transparent fluorescent plastic
© Metal

(® One sided fluorescent Plastic

@ Semi-transparent fluorescent plastic
Transparent fluorescent plastic

(@ Non-fluorescent plastic

EH9
3000
Polyethylene V[ Polypropylene - Nylonmixture | 6500 Polypropylene
. 15000 -Isotactic
>
B 2500 @ % 5000 % €
c £ 10000
s g § § 10000 § 4000
£ £ E € £
5000 B
1800 2000 . 2000
450 50‘; 570 f:ﬂ 5 700 450 500 550 600 650 700 450 500 550 600 650 700 450 500 550 600 650 700 450 500 550 600 650 700
avelen nm|
gth (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm)
2400 5000
3000 Polypropylene Nylon + Spandex 6008
-Isotactic Wood
Zunf (2] 2 2 3
£ £ 2000 § £ 4000
E E E Peel residuals %
= 2000 = £ £
2000 2000

450 500 550 600 650 700

Wavelength (nm)

1600
450 500 550 600 650 700

Wavelength (nm)

450 500 550 600 650 700
Wavelength (nm)
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Fluorescence spectral band images

465 nm 615 nm

Izum

Dark objects

Bright objects

Fluorescence spectral band images

465 nm 615nm
W P g

Dark objects

Bright objects

g
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Replication-1 Replication-2 Replication-3 Replication-4

Photo images

ek Ry £ - N - |
B, WE sl N o
gi—: i o g
ot ~ ' 4 e Ll

ST
SV AR

Fluorescence classification

RGB classification

Replication-2

Photo images

Fluorescence classification

RGB classification
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LCTF-based spectralimager and 1 Color camera and

UV-A light illumination ! white LED illumination

e

Motion controller Board conveyor baifr sample movement
Real-time foreign material detection system for conveyor unit
EHI5
File Edit View Project Operste Tooks Window Help Fis
> D @n 2 _"a,_c‘

Connection Status

‘ Spectral Camera J
‘ Color Camera i
| LCTF Connected L

Camera and LCTF Status

LCTF Temp(C)  |400

Current Status. !’Readv

Camera Temp (C) !'7 39 B

Recorder On i

Select Vegetable

) cabbage

°® Start B Stop  © Quit |
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