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Hyperspectral Imaging for Apple Defect Evalution
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1. A&

Hd FAFG AAFAN Z71et A7 s THYHoZ 443 dAY UA T,
el R deh(defect) A& B A7E oF AFFd AU ZIgH o= n&HEdd B &
ojth, 1%t Fd #Ye FAY HAE AFE F2 EFEMUA HFYH FGAAHE Y
o]-& 5o} gt}

3 EMHE &334 %A (spectrophotometer) & o] &3t Y HUe AFREI AN

FEeg e fFEdFRE FHsted a3 Aotk (Brown et al, 1974; Reid, 1976;
Davenel et al, 1988; Upchurch et al, 1990a; Miller and Delwiche, 1991a). 1]} o] %
He Fslolviel e AF AME YR HEFSH FAHs, ZAYVH(AA 8~12mm)
o] Fi tiFEY AR EA EFdsth o7y #AY Aol F EFAIA EAAU
7] HE o]F FHL&3ed oz o] gY.
A7 E EW £= RGB FHWEE o] @0 2N 433 HWE HHL njHPFHo
g Hd FAY 7 Ae AHEE 2L JAM FAEY AA 25 AEA2" g 4
453 . 28 2FFEAC g8 FHEE A #dse EF HEE s
ol X8t Aoz o 2RE SAHE AESE A7 F¥E v ded, o
o Ao ot H #de ARFY HE e JIAFHAEY ZHAM g FAo] s
F3Aolgtn B & tH(Rehkugler and Throop, 1985; Davenel et al., 1988; Upchurch et
al,, 1994b; Delwiche et al, 1990; Miller and Delwiche, 1991b).

2o RGB 7tellete] #AE SH3t1x} Multispectral 94+ 29} Hyperspectral 34
A A7t AAGAL, 95, sdECE SN =dH3 o ole due Be wAYY
AMETE odej7fe] F& FAAGNN o JgozRE AAF ARE AL F UV
o) F o]tk (Nelson, 1997, Marmo, 1996; Hardin, 1997).

o] @+% Hyperspectral AN A 268 S F55 3, 0|25 Ao Al GARE=R
B BEU A#e AFF 2N Hyperspectral G447 €9 $AE EAHN ¢4
tedE FHI A s

SO O

+ o] A FEAZAH FANASATFLS nF R SAATH(USDA, ARS) Atol
A FPHL JYE FUFAFTEATFHAYL 9y FA EFARA7|EAE  (Non-
destructive quality evaluation of fruits)”e] dgo & 3 A=Y,

* FEIAEAR FH7IASA T2

** Instrumentation & Sensing Lab. NRI/ARS/USDA, U.S.A.
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2. Imaging Spectroscopy A
Spectrophotometer’t 49 F& WA dg F2HEHE FAso, 234
(wavelength, intensity)2® &3 ARAA WA, Imaging Spectroscopy(E+&
Spectroscopic  imaging, Multi-source  spectroscopy & A=  image sensordl
spectrophotometers] 715 & F7iste] EHE Ao
oA ZEA gAdE Z9He F2dEly 2 FNHXE FAA SAHI{A 324
[position(finite element), wavelength, intensity]le2 X#% Z224 Imaging
spectrometer £ Spectral imaging instrument’} ©]& =1, o] F4 HAA 9 E4
ope} FEE oS3 Zeh(Hardin, 1997).
O Single Imager : single wide band
Imaging infrared thermometer, B/W camera
(O Multispectral Imager : a number of bands
Filter+B/W camera, RGB camera, Lansat TM(Thematic Mapper ;
6 spectral, resolution 100nm), 4 Channel Multispec Imaging Spectrometer
O Hyperspectral Imager : a few hundred bands
AVRIS(Airborne Visible/Infrared Imaging Spectrometer)
O Ultraspectral Imager : many hundreds of bands

7}. Multispectral imaging

Multispectral imagers WA E EHe EAL HEsed 2/ o498 £ g3de 3
HYUHE sivet A= go 2Fed A4S FHIE AoZAN JFAFHFG 2L QI
230l A& HEsich A de €491 = RGB 7ivEte A9 #AZdizt v
HWe RGB AME AdAst g=d vlal, Multispectral AN E WHEZo] F& 3
H(FZ 10-20nm)E B Ls AF wF Aol wel 2ot A4 AEo YFo| sed
wol ole}l shAl B (visible)l A 2AA(NIR) 99712 9] 44714 d& & A:s FA
o] Ut} _

a2u ohabake) gAae FAsH] e v|FHoR 5-89 EHE B FAHAZE
4 ¥ motorized filter wheel& AM43tAY, Y828 B ©HF9 LS sidstE
1t 12 $3d Agsletsts g3l Ut

1}. Hyperspectral imaging

Multispectral imagingol ®l&] 3 A9 FEF 7]€ =4 Imaging spectrometer £
Hyperspectral sensorZ 94 AEE 389, ¢J& TFAAHLZ Spectrometer(=¥E )2}
Imaging sensor(¥F7HE Z#3¥ AMZA Image pixel Ztztel] e 2HEYE Yepd &
ATHTAHQ T2 HdelE 33 F3).
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2HERDR FHE 3y N2 AN S22 At 8 &o] AzEm, oA
ANz FZEYeig deuds SEAAY 2o)g 2Y F J3, 7HAFHdN 259 H
HAUY F4 B Y9 FZdE otz FAgFde 3/ HAHE oj&dE=
RGB 7idlgty R 719 #3-& o] &3 Multispectral 7ivig} Bl 24 A PJEE
& 5 AUtk '

Hyperspectral g3 * 8l 7= 9ZYAHremote sensing)olA] &%dty F2 AAEE
R 2, AAAEE, EAAY, AddSf4d ZYEHY, LA FEDA S @853 3
o},

3. #3948

7h AN 8EA 74

Imaging spectrograph, 127 &9 siuel, G4 EE, 2F4X, dEAW| F
o3 FAY Y1zt #ZL Hyperspectral FAAZA|2"E A Zsig Imaging
spectrograph®] 428 FRAXPEHE 460~862.5nm, £ 5 15nm, 240749 {FW=
Qar, aute] AR F3 AYL HidMe g

Fig. 1 Experimental equipment for hyperspectral imaging system.

Y. Imaging Spectrograph
F7HX, Y)I 2% EH(wavelength, intensity) = AN} 4x14olm g JsjeHor FTA B
Ho] B7}% 3l Imaging Spectrograph™ CCD 7}ulgt Qo AHdo YAE F&H
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A9EY QYET TNHFEE S FEE £ UEF VA= Ouluitel o8 Aud &%
71710t} ol= FZRHEX, V) & A9 vzl F& Hdtd, S 1Aesges
A 2d20Ae o] 334 (X-coordinate, wavelength, intensity) %2 el & o 2
U3¢ Imaging Spectrograph®] TZ¢ 48 & Yehd Zolt,

[~ SPECTRAL

C

1]

<

ooaa @iy

e €

A

[ spaviaL

Fig. 2 Schematic of hyperspectral image data.

Fig. 3 Schematic diagram of imaging spectrograph.
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Table 1 Specifications of hyperspectral imaging system.

Items

Specifications

Imaging spectrograph
Manufacturer/Model
Spectral range
Spectral resolution
Spatial resolution
Effective slit length/width

Camera
Manufacturer/Model

Type
Active pixels
A/D conversion

Light system
Illuminator
Manufacturer/Model
Lamp/Color temperature
Fiber optics

Belt conveyor system

QOulu(Finland)/ImSpector V9
430 - 900 nm

15 nm

15 line-pairs/mm
8.8mm/0.18um

Pixel Vision Inc./SpertaVideo™ Camera
PFT-95

B/W matrix camera

512(H) x 512(V)

16 bit

Dolan Jenner/PL-800
EKE, 21V, 150Watt/3200 °K
Doloan Jenner, Fiber-Lite QF5048

Dimension(L X W X H) 1625 %580 % 140 mm
Motor
Maufacturer/Model Sparks/MR1-5-12-11
Rated power 0.25 Hp
Speed controller
Maufacturer/Model Lesson Electric Motors/Speedmaster
o A gy

Hyperspectral g4 A A A9 dujAlgd 2 FEHAL QqFo|(AA, =4, A, =¥,
A T Ay BFE 2HEY PAZ(LF, V)E ol &3 =3 HFH 22N
T3 I A 3200 K, 4800 °K, 5600 °K(medium diffusion filter), 5600 °K(hevey diffusion
filter) & 4709 ZZAdA dAstdt. FAAEE AF#(Red Delicious) R 1L, 2914 £ =&
30ms % ¢}

2t @ddolg &4

Hyperspectral S4tAtge] A& ENVI (Environment for Visualizing Images) 2.7
version ZZE g o] & o] &8 EAIHHT A4 F8 ¢ FL Z-Profile(Spectrum),
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Animation, Forward Principal Component Analysis 5& o83 Alat )R AFHA )
A AFRE FHEFA

4. 45 2 3%

Hyperspectral @43 glAlad o2 ol 24078¢) AF )8 942 animation, & & 3}
A AYe S¢oE FEAY FF, 600nm olE FA4L o]FE wrde] 700nm o] e
FAL AT dol Atz EWe] HHH S FAY 4 AT 1-glN 2 ule} o] 645~
67onmell A FREwEA o] vjA & e o Hee AYst Al FHEAE HEst=d
HAY RAow Budo

H, &€ shte] gAel die doly %d Z7)E 23 megabytes(320 columns x 300
lines x 240 bands)Z |4 dielg 9] A7|7t didsd] 2u2 Hde] ekl Add A&
edE g& AYge] wWE oz woddy. ueiry oE AFFHoT AHFYss] Y3
Hyperspectral 9432 ¢l 7, deolge HAZ Mg AT ¢4F 4 §871&,
DSP(Digital Signal Processing)3 29 7} § 71€3¥ o2 &Adsored #A7 ¥ 18
1}, o] Hyperspectral G4 A 7€ Aol 7]&d uiel 28 FHe] o] FAES]
A%, M2 F EA HAEE 9% 439 7 #s EH4FH) ReE wudd,

645nm 675nm
Fig. 4 Apple images at different spectral bands.
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P95 ZAAEHAY AR 2¥9EYS nug A A, 620-650nme] 7HAE A
¢} 720nm o9 2AYGH HAAZdgA 7 F Aols: HAY. Esobst Abdte) AH
A& 2N HAdrt Z33F )2 Miller $(1991a)3 Upchurch $(1990a)9 -+
Ze& A#AE YE

At} o)A el 79 3154 (Bitter pit), Cork spot, Jonathan spot, Lenticel blotch pit
5 vHA Aol F 5 (russeting), S (cracking) T FF/F B3, 249 27X Smm °]
oA ZAE lem oV37HA gk welby o AHY FHE Z7PER A7 A
&rlojol R 2 HodEY

Meaan: Dlefack
1 3ecn:Normal

!
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Fig. 5 Comparison of spectral reflectance for apple.

5. 2% R AL

o] A3 #A9 AF HE L A% 7xAvEA, A YA AHremote sensing)ol A

%8253 = Hyperspectral G4AE71&9 FAHE FAFsY $8 754& eAdn
A FPHQoH, AF7HAY FRARE a4 b3 #oh

7}. Imaging spectrograph, 21228 39 sidg}l, FA4H R =, ZW A4, 4EAY o]

522 FA¥ Hyperspectral F4HeAl2d& A2t Imaging spectrograph

o] gAdioly] FHRAHYE 460~862.5nm, E8% 1.5nm, 240719 SAW= 5,

Ak gare) diole Y =7 23MB(320 columns x 300 lines x 240 bands) % th.

. A% Hyperspectral A4 dHo]HE ENVI 27 AZEHOE o839 EXFAI,

Z-Profile (Spectrum), Animation, Forward Principal Component Analysis & ©I
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§38ta] At R AguAd HAF AP E FHAAG

o FAAEE Ao JA4delElE Animation® A3, 645~675nm FHFchelA Az
Ewe] wbge] Ba&sA et o] WA FAAdt A dRAHE AEseEd f
2Y AoE wusUT B, AR AYF NG AT A A 2HEY S v
& 43, 720nm o14e] 2HYN FAAAA Aolt BEE RoB YEINT
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