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Abstract : This study was examined for the characteristics of optical sensors and applications in remote sensing
for the geoscience and mineral resources. The image processing methods for mineral and ore exploration were
tested in the Cuprite, Nevada. Early remote sensing techniques were used for mineral and ore exploration. More
recently, remote sensing is used for interpretation of geologic structure, oil and gas exploration, environmental
assessment of mining, with integrated analysis of radar image, geophysical, geochemical and geological data, using
GIS. Hyperspectral image with hundreds of spectral bands can appear substantially correct spectra acquired in
the field. This led to development of new image analysis techniques to obtain more accurate surface geological
information. Remote sensing is likely to be an effective first step for mineral exploration in africa, central asia
and polar regions where direct access to field survey is difficult for political and geographical reasons.

Key words : Remote sensing, Geocience and mineral resources exploration, Hydrothermal alteration, Multispectral
imaging, Hyperspectral imaging
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Fig. 1. Generalized (a) geologic map and (b) alteration
distribution map of the Cuprite mining district, Nevada
(from Rowan et al., 2003).
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Fig. 2. Representative optical remote sensing systems for geoscience and mineral exploration.
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ol A= o] 1999 WAL= Qiek ASTER S| T 22
60 kmo| 15 m FZAE=2] VNIR 47 ¥1=(0.52 ~
0.86 m)2} 30 m -F7FIAI =2 SWIR 57 WHE(1.60 ~2.43
(), 90 m FZ IR TIR 571 WH=(8.125~11.65 1m) =
Tg=]o] 9ltt VNIR 31 W=+ 1202 #=5H= 3N
ol Zko & P25l 3B Wi = /o) HiE 2 FLA
o] §lom, o] & o]-&sf YA G4 AlZte] 7153ttt ASTER
AAFAo 2 AZE GDEM(Global Digital Elevation
Model) At7= F7 2 Al thhttp://asterweb.jpl.nasa.
gov/gdem.asp). ASTER /-2 A7t &2 ulA] 42
(preprocessing) IS A Fd=F 0§ 4 Sloh
Level 1A= 7|34} AR S AXA] L A
(raw) 9/gol™ Lavel 1B /-2 715} 9 BALHA S
A2l BA}Z] &= (radiance-at-sensor) GAFo|T}. Level 2B 4
AFE-2 EHYARE(2B0S), HS|E(2B01), EHLE(2B03),
FHTARE(2B04) G4 5ol 2o, Level 3A FA-2 4
AR o] H-8H gAdoltt ASTER gAdol|4]+= crosstalk
oz Qg ojd o] UeRdt) Crosstalk FA-2>
SWIR 4 ¥l = 2| 7] 2 YAtz W QF7 3 = 24
3 Qli= e AA71 R Eol7H AA 2o ¥7] 4k =
Al7]+= @A}o]th Crosstalk FAlo] H A ] 7] 9k ASTER
BAFoll A= 4 M= HEALE Zho] AR WhARE: ghof] v sf
HE 2A e 9 tiE o) WAL 3h2 YR A4 U
ERtA| Elti(Iwasaki and Tonooka, 2005). ©] 23t AR
SWIR HEof|A] BEARS: Gk o =rell FE9 @ #R/E Y
©71 4= 17] ol o] 3 @35}t Japan Space Systems
of| A<= crosstalk &/l tiet 27g 2 THE AJFskaL 9l
TH(http://gds.aster.ersdac.jspacesystems.or.jp/gds www2002
/index_e.html).
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ZEF AAZE 1987 NASA S A|lES
Z47+2(Jet Propulsion Laboratory, JPL) 7} 7i&-t AVIRIS
(Airborne Visible/Infrared Imaging Spectrometer)7} %}
o} AVIRIS= 1983dof 7iE AIS(Airborne Imaging
Spectrometer) AlA S 7 R R, 0.4 ~2.5 pm T H
flofl 2247119] A&E WHER F4d% o] Qlt:. AVIRIS=
1987 6] ALSE7] AHlA] B W] 4 AAS
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o] 7=l o, T 3EA] © & HyMap(Hyperspectral Mapper),
CASI(Compact Airborne Spectrographic Imager), AISA
(Airborne Imaging Spectrometer for Application), DAIS
(Digital Airborne Imaging Spectrometer) 5-¢] It} HyMap
2 539] Integrated Spectroscopy jil:of] 2]} 7= o
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m; 327 A=) 7} Q) Tk Aisat= SHFE=9] Specim jitof A 7l
U 2 A 2 o s o of) whet of 2 idlo] QL
He.g. AisaEAGLE, 0.40~0.97 ¢m, 4887} Hi=; AisaHAWK,
0.97~2.50 m, 2547} A=), m]=-2] GER jil-ol ©]a} 7t
% DAIS-7915(Digital Airborne Imaging Spectrometer)+=
0.4~12.6 /m I L]0 797112 HE= S = of 9lom,
S e vlE 7] 9] aleof whet S moj A 20 m= Bt
Ak,

NASAS] EO-1 §jAof &A%l Hyperione VNIRT}
SWIR 3G oA ALK MES 717l 2|20 914 282
4 A&l o]t} Hyperion< 0.357~2.576 (m I Qo
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- (striping) £ 57 2h¢lofl Skax(pixel)Eo] 7 3}
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E50lA gol Hebdt. Hyperion 942 &5 £ ¢
o] &= smile @/l FEFE W= A 08 U A qlrt Smile
WS M e Aol s vrehdAl iz, gl =
= &0]|1 7 i {E Al sk HaderlE
(Minimum Noise Fraction, MNF) ®HZ JAF 5 31 HA|
MNF /ol Al H7] ghofl |skrF A7 A yehdtt. o] 2
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© olEE RS At HE dare]Ee o) Aol
713t Datt et al., 2003).
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NASA]| 2J&}| 75l TIMS(Thermal Infrared Multispectral
Scanner)+=8.2 ~12.6 um T ¢ of] 67| Q) =2 LA 5]
o] glom, 2H3F FAH = thaig Aol 7t &
ol o8 AY-E 253 TIR AlA S0l /i Qi
AisaOWL= HZE Specim jil:of] 2] 3] 7]2HE Aisa AlA =
9l 5 shtE 8~ 12 um oY H Q1o 847 Q] i E & /] =
o] Qlt} m]=9] Aerospace Corporation®] 23] 7jEte
SEBASS(Spatially Enhanced Broadband Array Spectrograph
System)+=7.5~13.5 im THH Q] Ato]of] 128719 W= 2
TAE o] 3lem, SNRo| =2 Zlo] £ o]t =F2000:1).
553 FULEA FAZIAH O] A(CO; lasen) S ©]-§-37t
TIR 3FEZ3A A MIRACO,LAS(Midinfrared Airborne
CO; Laser System) = 7jg &85 ¢ith 332] CSIRO
A1 19893 A5 -85 o] AlA=9.1~11.2 ym 7 H o]
100702 WiE &2 FLAd Efo] 9l om, YARE TAZFAE o] A
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% 6 2 u]=x] - ZAA(U.S. Geological Survey, USGS),
JPL, £&71 2t 8HJohn Hopkins University), ASTER &
FefolBg e Fol ok ol A AR LAY
(KIGAM) ol A 53 2geto]| Eejg] 7} Qlok

BE Ee A9 EHo|| AR FAH A7} JAKSHH
A5 upo] Wl F=0] A= S A ohE 9o
U522 Eate| AL} diabE T Akshz Wo] A7 e ni2
(CBE B A ZRE WhALE = WO A7) ) v S WAL
(reflectance) o] 2kl sh=t], o2&t WIALE-2 BE2] &1
2, 35t B/ whet A5-0) WAL AEE Y O 2 LpEhdt
o} FET A9 B8 AR AdellA £33 (spec-
trometer) 4 243 4 9100, AATAL A4S Bl
A3 FESH B 40 BREH 54
% ol

FE] A AR 3k Adwol] &8l MR FAleH
2ot A2 A& Yo7 A FaL, FE A Yol A A5y
A(vibrational process) T} ZA}7}4 (electronic process) 5
o] Ueptth. A g-Eof Hlo] kst A &l ghe A
23(ferric, Fe’") 0] &3} A1 H(ferrous, Fe’') 0]-2-of 2]3]
AR ail(crystal field effect)@} A5}o]5 A 1K charge
transfor effect)2} 72 Q12 e] A2 o] LehA =
3L, VNIR 33 4(0.4-1.1 tmyof| 4 S8 A Q1 4= AT E
o] YebdTHFig. 3(a)). RFH0] JARE EAR A 2] o] £
3 £2 = A o] Sl 5] v HeHA ZZ oA F
HA Ye = A5 0-4-2 SWIR(1.1-2.5 1m) 2} TIR(8-13
) TG Ao A FE 179 FTEAES Vo] Wt
53| MEYE, Y E B ARdEe 23 =

gAY
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Fig. 3. Reflectance spectra of (a) some iron minerals showing the change in absorption position by CFA (crystal filed
absorption) and CTA (crystal transfer absorption), (b) some hydroxyl and sulfate minerals, (c) some carbonate minerals,
(d) some silicate minerals. all spectra are from USGS spectral library (Clark et al., 2007).
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Table 1. Representative mineral groups by spectral features

%

lo
[Ho

=
i

¢

Wavelength region Representative mineral group

Cause of features

VNIR Iron oxides (hematite, goethite), iron  Electronic process:
0.4-1.1 pm hydroxide (limonite), sulfates (jarosite) charge transfer and crystal field absorption effects
- . Vibrational process:
Phyllosilicat: 1 1 Ifat .

SWIR (al}llm(i)ti:l l(.::'rzzit(ec) a};ag;gl;ar;z’ (ilelllcitzs overtone of OH stretch, combination of OH stretch and
1.1-2.5 /m +J dolor;lite) et > H-O-H bend, combination of OH stretch and metal-OH
’ bend, combination and overtones of the CO; fundamentals

TIR Tectosilicates (quartz, feldspar), Vibrational process:

8-14 m carbonates, etc Si-O-Si stretch, Si-O fundamentals, free CO5> stretch
(H20)3 =417](OH), BHAF(COs) Tl 23l 57 o7l I FATe B W2 A e2E S D FE
oA Z5HA S0l UEhaL, o5 Bie R FE AL FARS QIR AAFAL G2 FE-2 2 7|REto]
= Ade 5 QA "th(Fig. 3(b) and 3(c)). THH A7 kEH A HofA Ao RS 2L, A #o)A &
Mg e AR ARG FE EL QUL SWIR ST SUAFREY BE QAR Belskd] o] o] St

57 o] Z UEhA] edar, §4/d+(Si, O)t
1A% Fzof o8l TIR abgeh ool Al 53k 2354
EXESo| VEhdt(Fig. 3(d)). Table 1-= VNIR, SWIR,
TIR TP ol 4] e FE2] ALf-5 23540l ot
38 FE S B Aotk

APWAR G FE LGOIt 87t mekat s
7up F g ol ) moto] Ao ofs) AALEL
W) g WAt oA A Wate) 271 4
A emell 4 541 k7] Uiehie, Qs o 2 WA
Aol B A mh B GA LE] ujo] FrY
A2 Aok Fast 277} ek

Cl=22 Halo| &2 LowellZ} Guilbert(1970)+= Al wprdl Zrefals(San
Manuel-Kalamazoo) #419] =744, 4224 72 244 9
- = e} L
TaHIBE ©X| Y 28 W g-0) S48 upgo 2 yigl e wabol A pehbs
j=1 o O = fe) A~ KN =] : 37 =
BEPYS VA0 R A4NYGI AP Bl0] A A4 BUL AN} ATKFig 4@). B 54
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Fig. 4. (a) Schematic cross section of hydrothermal alteration zones and (b) mineralization zones associated with porphyry

copper deposit (modified from Lowell and Guillbert, 1970).
TM and ASTER bandpasses.
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(b) Laboratory spectrum of kaolinite resampled to Landsat
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2, WEQH 2 FHIQ S0l FoHA8-S ol 7] Hlek
o) YEABEE A4 HL o] o8] A E YE
S5 EEE B0 27| W Eo GHd FER &
F 5o YERS 4= ?lti(Mars and Rowan, 2006). ©] 23 §]
2| oF X o2 n| 2] G4 ol Al A LlstAL A A ArdEAL
£ B3l A4S AAE gelsjof gtk At E ©

A5kl FES B55l7] Sl 2 AREE B o
A} o 2 Landsat G4 ASTER 9A4fo] Qick

Landsat /9] &8 9 £47)y

Landsat A4H& A4 o) ey fale o4
H9lel WESE AEol glof oo ok Asvary g
Ao S50} Shek. MEHIE 7] (band ratio): ¥
AE 95 AEA AR 7 F S 27 93
A2} Landsat MSS AT B4 W g -85 el (Rowan
etal., 1977; Goetz and Rowan, 1981). YH=H]-& 7| HH-L 5t
e e S e e e JoR Umo2n A
A= 8] HARE A Qo BFEA Aol & AxA7 =
7ot} dlE Eol deddolA Uetute Had=
F LA 22 HEFES dNH o R T™ 53 Wi
(1.55-1.75 um)ol|A| =& FFHARES Holu, TM 7H
HIE(2.08-2.35 pm)ofA= @2 ¥ARES HIcKFig.
4(b)). o3t EAJS o]-g5to] TM 51 W= FARE TM 7
HulE Qo s Urd HEGE| Bxst= A9 1
YR -2 A Aof| H]gl] A 07 =2 i H| ZhS B o]
a1 @Al WA FAETE TM 79 SHEQFTM 5 W=
9l Hl= 2 JEFE T S FEol xFE 4]
(hydroxyl)ell o]t 28 FES F2A1717] 918l AHe-
=] gt Wb ol A& ekl 9l A A A, A A g2
Abehd YE dugrAal -2 YR Ak e Uhk
202 TM 3 B =(0.63-0.69 um)of| A L U&=
o, TM 18] Y1=(0.45-0.52 um)of A= W& HAES
Helvh wheba FHg=9 Hdehd B4 Fx2A1717]
A TM3H E FS TM TH HE G402 L
Hroh Mev]E 7o) S A7 5} BARR R ot

° %

Table 2. Representative Landsat TM band ratios for enhancing mineral features

Target TM band ratio Reference
Leached and oxidized iron bearing minerals 3/1
Opaque phases (serpentinite) 5/1

Hydrous minerals, clay minerals, phyllic

Abrams et al., 1983; Sultan et al., 1987,

alteration 5/7 Sabins, 1997; Harris et al., 1998;
Abdelsalam et al., 2000

Fe-bearing aluminosilicates 5/4 x 3/4

Hydroxyl minerals 4/5
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2898 200 O3 JFS FA 4 Yok LA Gk B/ 2 2] 9130 22 451K Optimum Index
Fig. 5(2)2} 5(b)= EAX| 291 Fefo] = Ao WEn]  Factor, OIF)S Rs}ck Prinz(1996)1= T™ 42
£ 712 A8 Auoleh WA Mol Aol =W A RGB A} T4 WEZTS 2] 915 OIF ghe A4
grol Ao 2 247t A PRI} HEYR| HEG Vs Sl TM I8 HE, SEHE, 78 MES Abgalo] A 3
o] 2 A Solek. ol Qo= thopg TM WEHIR ZAE B AS /Y B N A YuE mPsh 9l AL B
o] Landsat A0 23 E| ofe] o) BYH EHL 3 ISk Fig 50 FLeo]= Ao] TM 1, 74, 19
2517] 9130 AH§EI ik Table 2). WES o] §3ko] RGB A AT JH0 2 HERE 52

Chavez '5(1982)& Landsat B3I 4 Al Aol ES Al gkl 4 x| ofo] B0z A 51 9le). OIF
S5ko RGB 4] 3H4 ARS TS vl 2ol Am(Rabgh  ghe chat o] Al 4 ek

<

RGB: 571

HSI: 571{
bt

PC;: 1-4-5-7

) 0 Q)

Fig. 5. Example results of image processing of Landsat TM at Cuprite, Nevada. (a) TM band ratio 3/1 image and (b)
TM band ratio 5/7 image with higher ratio values shown in brighter tones. (¢) TM band 5(red)-7(green)-1(blue) color
composite image. (d) TM band 5-7-1 decorrelation stretching image. (¢) TM band 5-7-1 HSI transform image. (f) PC;
image of TM band 1-3, (g) PC, image of TM band 5-7, (h) PCs image of TM band 1-3-4-5 and (i) PC; image of TM
band 1-4-5-7.
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OIF= Y0,/ 3 (M

71 M o= WME ko] g 2T by = e A 3
= % 270 Aol o] A=) At glolck. OIF ] glo] 2
2 37He) WEzgo] A H4vh B gueE
ho) ok 7 ch. e Bl NE S ALgSHe thAl )
A2 A18510] RGB 4] JHR0. 2 Wathe] B4
FZA7)7| & Bk
H| A3 82K decorrelation stretching), HSI HHEE, F£A4
- A(Principal Component Analysis, PCA) 7|¥ 52
ol MAFE B AFTH B4 Axst] f16l
AHEE|o1 A 2th PCA= A= o] & G Wies
= A2 A fle MEER Axddshe 71 olH,
]S} 82 PCA 7| ®ofl 7] 23k G4 7= 7R otk
HSI= G4 w40l A dRbal ez ARE-E= RGB A4 A
A Al A A hue), A= (saturation), = (intensity) 2
e FEFOEHN G diRlE AEATI= 7IHelth
Gillespie 5(1986)-2 H]/ kst 273} HSI Hgh7| o] ¢
Aol A oA o] chat EAEE A7l ETHAQ)
2 15t9IT Fig. S(@)2F5(e) = F2Letol= A ofo] 22t
ARk} S| THHST RIS |48 483t 23} ako
% 9P RGB A G413} nPEZEA 2 T S, T4, 1 Wi
£ ol glgitk RGB 41 24 AkFig. 5(c)) HaM o=
Urehd o] s A ofo] ul ket 24 7] Watk HS
wel 7| 9S HEg AT PAAE AZHeR o Hx
5o} Lehd-g shelat 4= 9lch. Crosta®} Moor(1989)
PCAE &3 -4 E|(eigenvector) & gk A5Hd =
o] 235H4 54 Aole] HAIE ol-83F FPCS(feature-
oriented principal component selection) 7| & 7i&s}
t}. Chavez@} Kwarteng(1989)-2 A HHEE AME-5}= T
AL 7] TM HERES Alelelo] PCAS 4=ai5}9io.
o} B3 T™ 11 HI=0} TM 311 HIE2 o] §3+ A254
B(PCy) MEE ARH HEI} i) e BAARE
T QLI TM S HECFTM 78 S o] 85 AR
HPCy) M= A FEdh Aol & A EE
AL A= BRIk Fig. 5(H) 92} S(g) TM WHE 2705
ALEH(TM 11 =0} 34 HL=, TM 5 HL= 0k 7 W) s)
o] PCA 7| 2-8-3t Auf= U] Hol= A o] 242} 4F
SH FE, e AR o] 2 Aol 7HH Fraser
(1991)&= F 7119 TM =S A eisk= th4l = 712 T™M W
EHE GHTM HERE3/1 Q3 4/1 G4 e ==
T™ fHE=n]g 4/5 33 5/7 Q4 AdE)= 083k PCA
Fo] BEshiz 7|20 5
3FAt} Loughlin(1991)< 4]
At e o2 B o o3t A& AlASE] f1si Wl 7119

e

o o

shid

of H

TM HiEE A"ste] PCAE 4=385}¢th L 27 T™ 1],
39, 49, 5§ W E O] A3 E(PCy) Tz Al4/3E(PCy)
HEof A A2 FEo] FA =L TM 1§, 419, 58, 751 Wi
EO A3 F/JH(PCs) iz AlT/JE(PCy) W EOf| A 524
7] FE3 gAY FERGo] EREE ST Fig.
5(h)2}5(i)= TM HHE 4715 AEisto] PCA 7|HES &4
AR Gl A HA vehb= Aol 242 4 3E, A
EGEI A o] 2 X ot} Carranza2} Hale(2002)2-
T™ 9’41} DEM A& & o8-8l PCA 7|1} 5275
2-gsto] AAo] WE oA Aehwrt 2A FdE
HrHAA =S 2451k PCA 7]9-& ARg-o] Hlaa 7k
oot Hekel FEHA 54 o8 7R = wol &HE-E]
3 QUtH(Liu et al., 2013). Harris 5(1998)-2TM JAra} ¢F
22318k AAm 5 3 ARS-Sl GIS 2El g3 Fal E41
=S Adstalen, Ott 5(20060)2 AT E FA|5kaL
N 2L JAF FE7FSAGE Z7] 918 T™M G4, DEM =;
&7, A, FSAEEA ARES 7|22 GIS 24 A

Al5HE.

ASTER 4te] &4 % 24714

ASTER /-2 A 150 A 7+ A A2 A AL Hof
oA 7 2 QA Z-8-H G4 otk thE g Gl
Hel =& BN EE 7= Aol BAoln, 53]
SWIR} TIR mpH 9]oflA] of 2] 7] o] Bl = 7hA] oL
Lol vl A AeksiA| d4=HA F= @A77 sk &
T FE HAE 9I3 ASTER 944 £4dl= 2
Landsat /ol A WS, PCASE -2 7189 94
A 2] 7]WE0] o]- 8= Ack 3FARFASTER /4= Landsat
F/oll vlel] B2 420 HguER S E|o] 917 wiito]
thFgt eg st 236k A0l 7Heaizlen,
o] & Ql&j Hr} thgt FESS 71 T4 A H ek o
£ E50] Landsat /-2 7 710 HES o] &3 tHEH]E
e utso]l A FEN HEYE AEE EY S AU
W ASTER @/49] - 2] eSS vlshAU HskaL
FORM, YEFES TPHI} 2 FO= AlR3}sto]

8 = Q| =] QAck Table 3-> A=A FE Ei= WA
AA O HAE 918l of 2] A5 A AIQHE ASTER 74
O] W= H] &I} = 23HE0|th Fig. 6(a) ~ (d)= -2 efo]
E A% O] ASTER @/l 22 HExhe: 483 Aol
th B Rol= A 95 ZH7he] ezl whE WAy
& 5490] ZHA vreh= A1 olw, 215 Fig. 6(b)= 1L
FA 2 okdY HAYE FE2 919 ASTER
(Ax7)/(5x5) t=xgto] 288 Anpgdolck. 4>
ASTER WHE 4R35} TR0 4] 22 HEARES Holm| Y= S
1ol A] W2 REARS: Zhe- Ho|7] wfZol(Fig. 4(b)) ] 213t

ox, lr[
it

f
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Table 3. Representative ASTER band ratios and band combinations for enhancing mineral features

ASTER band ratio or band
Target L Reference
combination

Iron minerals or Iron-rich rocks using VNIR bands

Ferric iron, Fe'" (hematite, goethite) 2/1 Rowan and Mars, 2003
. 2+ 12
Ferrous iron, Fe A Rowan et al., 2005

Altered-minerals or -rock using SWIR bands

Pyrophyllite Ninomiya et al., 2005

o~ — : (@x7)/5’
Argillic (kaolinite, alunite) Son et al., 2012
Pyrophyllite (4x6)/5° Lee et al., 2009
. o (5+7)/6 Rowan and Mars, 2003
Al-OH(muscovite or illite) 3
(4+7)/6 Rowan et al., 2005
Montmorillonite and mica (4X7)/62 Ninomiya et al., 2005
Ca, Mg-CO; (dolomite) (6+8)/7 Rowan and Mars, 2003
Bauxite (5%8)/7* Guha et al., 2013
Ca-CO; (limestone) (7+9)/8 Rowan and Mars, 2003
Mg-OH (chlorite, hornblende), Carbonate (calcite) (6+9)/8 Hewson et al., 2005
Calcite (6x9)/8> Lee et al., 2008
Propylitic (epidote, chlorite, calcite) (5%9)/8* Son et al., 2012
Fe,Mg-OH (7%9)/8 Rowan et al., 2005
Silicate minerals or igneous rocks using TIR bands
13/12 Rowan et al., 2005
Quartz or quartzose rock 3 - -
117/(10x12) Ninomiya et al., 2005
Siliceous rock Rowan et al., 2006
14/12
lava flow Thurmond et al., 2006
Carbonate rock 13/14 Ninomiya et al., 2005
(12+14)/13° Rowan et al., 2005
Mafic-ultramafic rock 3
(12x14)/13 Ninomiya et al., 2005
B EAS R0 mA DAL BHSA Hek. 9,31, 51, 6 W), 13 A+ A0lEfo] E(ASTER 1,4
Mars2} Rowan(2006)& T} H=u] & 713} 484 9 W, 6%, 91 =), T2 A(ASTER 134, 4%, 61, 74 i)
Al gX(threshold value) A& F3F WlEH|-&=2|AAA; SA]E 912 PCA W= A8 Wl & A|A|51IT. Fig. 6(e)
(Band Ratio Logical Operator, BRLO) &2 7]jd5}1 © ~(g)= E4 ASTER HH=E23 A3 PCAS 283t A
o, opAe] WAty B WAS FAsh=t AR B FAdEeITh
T} Crosta -5(2003)-2 Landsat /<4 ofl 483 & PCA ASTER /32 Th2 th5-28 Al A ofl v B2 =2 &
7|%& ASTER /o] 2-8sto] MAFES B7sk3ich FHEE 7HA AL Q7] wioll 248 9 RS T
ASTER= SWIRO|A of2] 78] 23ii=S 7FA]aL Q17] A 717 9] #-8-0] 7155t} Rowan 5(2003)2 58
tjzofl PCAS S5t =8 o] thofsf .o, o] & F5i /g 5ol Wol ARE-E= A 2HE B Y(matched filtering)
He} ool FEES &7 5 A HQItk Crosta 5 7]"& ASTER @3l 286l FEit7s A=t 23k =

=
(2003) P B S SIS ASTER Dl 33, 53, 790l 25 QJage) B Autehn|:al, Ae el B A0S
S8 AFg 310l PCAS 49 0m, US| EASTER | A 4= 9I9iek 71 9ol = of 2] A5 §5) ASTER B4

ot
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& ol g7 WERFO) 28T QAT 1A 7o) HTAY)
o] o1 %It Rowan et al., 2005; Ducatt et al., 2006). 5}
A5k ASTER AHe 12417} muba] = e A1) 52
ufol =9} 2o Bgela H4-EAo] vl e 2
R FEE tolle @ BR7E QoA 288 G/l H
3 =7} "olx|= gHAR o] §lthMars and Rowan,
2010). 1o B3k ASTER GARL 283 ol
H]8f| G2 A S gk ol FAIS 4= Qlal g4e] &S0l H]

i ‘Alunile‘
Kaolinite'
Muscovite
Calcite
Playa

PC,: 1-4-6-7

A lo] FEO HA D ER/E fIsf Hol Z-8= o] Ik
Hubbard2} Crowley(2005)+= FESIARFE 235 H}
AR FEEFE 9181 VNIR I oA -2 HieE
7}Al= ALI @74} SWRo A H-2 =S 7HX] ASTER <
A2 Tt 13709 e E AMSf P RS
21/ gt Bl Ik Fig. 6(h) 2} 6(1)= 228 9/ 5ol gol
AHE- = Bsizbl 3 (Spectral Angle Mapper, SAM) 714
I A EE R 7S ARgste] Fazefol E 2| of| gt

Muscovite
Calcite

Fig. 6. Example results of image processing of ASTER at Cuprite, Nevada. (a) ASTER band ratio 2/1 image, (b) ASTER
band ratio (4x7)/(5x5) image, (c) ASTER band ratio (5+7)/(6) image, (d) ASTER band ratio (6+9)/(8) image with higher
ratio values shown in brighter tones. (¢) PCs image of ASTER band 1-3-5-7, (f) PC4 image of ASTER band 1-3-5-6,
(g) PC; image of ASTER band 1-4-6-7. (h) ASTER SAM classification map. (i) ASTER matched filtering classification

map.
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|=%] 31 I}t Hewson
°]-g-5t0] 52,000 km®©]

B

A 6275 AHE-3}0] o]t Zargos 3HitE XA XA of gk
H =5 A5 T) Laukamp 5(2012)-2 ASTER
Q740000972 o]-§sto] T th & Ao theh 2| EH
AYE Lxr A Z2AEF X185}l Qi) g A5
L 7k29] wlAZ(microseep) ol &J3f Ul R 323
ol HAH EAolu EdEA M3l B3] YA e
ASTER &JA}o] AF&-5 v} Q)ItH(Fu et al., 2007; Petrovic et
al., 2008).

i)
)
Hr

AMER

AZEA} Ak 2| 0] EAJoH WA Eo|
87} el QPA o) BBt o2 uhAQl A
of ciiet ARE AL A PR AHgE I 37
oz AE AT T AV 5L B3k gh4] o] o]
ot oS ol AATAL JALL Fol 328 i o
52k ofa) )50 12 Hxgt Mool 4 AL A%
o2 uhergl 22w 2elakehA L Akl A ek
Apye) Aol Ba) A zol wBH A5G PRI
¥} of| Bl Landsaty} ASTER 9} -2 th5i33 917 Al
9] BVl o Bl 7 A A T o
Ape = u]g, Wi 23 PCA 7]% -8 S5 el x| o]
gt A ER U e R AA RS 2 skt o)§
At} Leverington(2010)-2 417 W(neural network) 7]
WS o] 3 T™ AFo] B412 o) =12 x| o] ohAlt
9 FES A=3Fch Leverington} Moon(2012)2
SMA(Spectral Mixture Analysis) 7|93} A3 7| HS
O] T TM JAke] BAL 5] 0 u]Seto]E |elof oA
RS Susgon, Li 52010 TM d4e] 43t
(texture)d] EAJ3} 24 7|9t A]AEl(knowledge based
system) & o} 8510] ghHo] E5E At B HehE
Jh Rk IS Aol Algo] Baeli 7k
# 0.2 835 2| ol A HARES elsty] 913w
APE7H ol ASTER 94Fo] Bl Abg-#] 912 vl(Gomez
et al., 2005; Khan and Mahmood, 2008), Bertoldi 5
(2011)-> ASTER QAfol| = H]& 7192} PCAE 283
AlAfo] sl Qlar 2| g o] FEgk sldetol X HofA 7]
Zol A=A e 110 km” A7]9] ARE AR
(granitoid) A1 E WA thaEg P42 SAEF

=S D)
D

ot

AU gete)

Qlof|lt= oA o] AAHE =517 A8l ARE-E 7= FTk
Salati 5(2011)> 4 9] FAHS FolA AsF+Zst
7] $J%F RTM(Rotation variant Template Matching) &3l
252 /sl o m, o] 5 ASTER @7l 2185k dat 4l
kgt A9E A2 4= A

A A S fleiA S2EuE o]8sh= dlold
(radar) Q7= AR == Itk SAR G EAe A
A 0= AT FAAE AR A ez Qlsf 2=
Hul(polarization)of 72+ HH-5-& Hol= HhHo| A2 e
2 o8 A A7)0l B/dE A8/ vlaE] Ayt
E/40) whet ek W& itk
o Qo] wet ok Hal 54
A= T =] uet thE & =
tHEvans et al., 1988). #|o]t] GArS Bst At} S| &

(co-register) 412 =3P o Landsat F/JTH-E AHE-SF
AT Ao Astert 2 FEE FRlskch
53] dloly F/de] 2 7HA] A (texture) A& 34T
At A 9] 7 AL EE 14% ol =ol= A1E 44
t} Wiart 5(2000)-2 JERS-1 SAR AT} TM FARS AL
-&5to] ofzLe|7} of 2] Eg|ol(Eritrea) o]l 123t Dubbi 3}
Atoll A SRAF T} FEof o5t of 2] A THelEE TR
53ich TM-SAR @/9] 3= 535 PCAS 3343}
1861 o]l B/d% FAJAe & ZRIstH o, SAR
B L-ME(FHIP) & 0]-8-50] B ek (tephra) FA4F
olgff Ejut QA ¥ Lo E 8o EA4E ERlEke
t}. o] 2%t £S5 53l Dubbi 3Hit X H 9] o175 A7
HE LEG o 2R /I AE AFEE T 4= Ak #lo]
HE o83t YA 7)o Y 1A 47| WZo) &
R ol A = Z-g-o] 7HsstaL ARl T EE 2| oA
AgH EAS getdt 4= Qloh= 3ol Qlof gstgAty
A XA Aol 3| gho] f&-E] 1 Qlk FLoll=
ok Gelgh oA 9 A3 A @S st sk
AAGAL G Am e} 3 A&, 2|38t g, A&
AR R (e.g. FTAE, A 22 oY ARE
= GISE 83 58 248k= d7-50] o] FoR|aL 3
(Schetselaar et al., 2000; Khan et al., 2007). Benoit 5
(2010)& 2~ 4130] T X B2 FUUFET A
2.0 Nyamulagira B4H1] 91 thapo. 2 of 2] A]7]0] s
JAHTM, ETM', ASTER) ¥} &|o]t] JAHENVISAT, ERS,
JERS)S GISE -8 H415H0 2 H3}A|7](19381d5
B 2010 7}A])of| -2 A 22 -8 B =5 AR vt
qlek

U AL BRI, AT, AT S oleie 3
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AR A SIe AL Aol Al W BE A= 441

e 72 T4 54010 49 VNIRT SWIR T
Aol A gk Ao Leh ] ghom, th4lof Si-O 2
dolef ot 252 = Q18f TIR T H(8-12 pm)e]
A £28 E4o] Lehdth(Lyon, 1965; Fig. 3(d)). B
ATEL B TIR 5 ool B2t gh o] Ay £
#2740 o]0l 2|3 o] S Fof HET} A 5| Hapg
7} 43 &) 210 H(Salisbury and D'Aria, 1992; Christensen
et al., 2000), o] gt 37 H= A GARE okl 2 GA|
8= Ik 19709 SRR TIR Q742 0]-8-8F o4

2ol Aleglon, 72 A thead Aol 23
= TIR YH =7} 0]-8-&] 21 thKhale and Rowan, 1980; Goetz
and Rowan, 1981). 77 & 67]12] TIR HIERIO & LA =]
TIMS 347 AR BAZoR iRz
TIR GAto] &-25]7] A|ZitiKhale and Goetz, 1983;
Gillespie, 1992). TIR ¥l =2 7171 thaRa o) ojaro 2
+= Landsat G437 ASTER gA}o| @it} Landsat FAHTM
THETM')-2 TIR T ool A 17]9) =R 2| 35 7
58 4= Q) BEHO ASTER P42 5709 TIR HIE &
=] o] Q17] wiZol| Thekgt oA Shito] 7Hssttt. TIR 1t
Aol Al 3Hdehe] WARE(emissivity)-2 SiO, 3t
LA THA] Uk 53] Si0, o] Wol Zghd 143
(felsic) F& Fi= A A 0 &2 g2 gt 4(8-10

10 11 12 (ASTER bands)13 14

um)ofl A 2 WARS: FhE H.0]AL 8i0, 4
= 8% (mafic) & E= A A4
&(10-12 um)of A B2 WARE g HIthFig. 7(a)).
Ninomiya 5(2005)-> o] 3t E35/dL ]85t 44
4 QP3 A QH B S SITHASTER 24te] ]
& ZTS olga A% mUL AsiAch QA
(Quartz Index, QI)= ASTER TIR 1= (11x11)/(10x12)
235 ARgShed ol= A o] YREA o= ASTER 111
1 =(8.475-8.825 um)o|A] =& HFAFS-S. ASTER 104
(8.125-8.475 um), 121(8.925-9.275 1um) A= of| A] Lo
WARES Hol= E4& o83 AolthFig. 7(a)). 218H
A4(Mafic Index, MI)+= 11382 BE0] UHH4 0 52 ASTER
139 Wi=(10.25-11.65 um)of|A] ¥ HARE-S 2|1
ASTER 121(8.925-9.275 (m), 14¥(10.95-11.65 ym) ¥
EoA 52 WARES Holi= 542 o83l ASTER TIR
W (12x14)/(13%13) 23HS AFE31TE Son 5(2014a)
2 ASTER 4]l A& BRLO W& AL&-3}0] 742
Q41 % 41937 413 el 34 Al ofol et 7S A
Lol AthFig. 7). ol2|eh ®Hy 2]ojl &= ASTER TIR F4=
o] g7k oA T2 flsf W W= Ble HE AL R
o] A= 1o (Table 3), w33} 214, SAM, A2 H
Pk 2 o8] FEA] 71550l ASTER TIR /= ©

>Onhoc lase 7]

A: Felsic |]
[J: Mafic|

Muscovite |

Emmisivity (Offset for clarity)

. oy o v
- Quartzose rocks
Alkallc lljet;ks "

! IIO% :&Olivine {
8 9 10 11 12
Wavelength (um)
(a) (b)

GENERALIZED
LITHOLOGIC MAP OF
THE MOUNTAIN PASS,
CALF. AREA

EXPLANATION:

ALLUVIAL,
COLLUVIAL
DEPOSITS

| oy rrzose
ROCKS

[ JuivesToNE

N Il poLomitE

| [Tvorcanicrocks

] GRANITOIDS,

\ O s

GRANITE, SYENITE,

SHONKINITE,
CARBONATITE

GRANITE,
GRANODIORITE

(©)

Fig. 7. (a) Laboratory TIR emissivity spectra of representative silicate minerals from the JHU spectral Library (Salisbury
et al., 1991). The upper spectrum of each spectral pair is a spectrum resampled to ASTER bandpasses. (b) Lithologic
map at the Mountain Pass, California, using ASTER TIR BRLO models (from Son et al., 2014a). (c) Lithologic map

(from Rowan et al., 2003).
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31 A EHo AMEEItHRowan and Mars, 2003;
Rowan et al., 2005, 2006). Thurmond £(2006)-2 &5
2 RO B AT 53 TS| 915} ASTER TIR 3
Aol mienle-S o]-8sklon, ol g ikt
£ U7 G o] lol AT A27] HES slops)
oohel gokgel ulnd Hao] W4T 49LF Aot T
w519th o 7]o] DEM X}&of| et dAtat glo|o] G4
F9) 3749 A A= AAEHCE ASTER TIR GA-S
AR et ofu e} shitghs ZEA|(Pieri and Abrams,
2004; Carter and Ramsey, 2009) 3}#1} A}L2] <(dune
field) =0 BEx 73} o]E 742 u}ol(Scheidt et al.,
2011)3k= o= 285 v gich

Pl o)3) Zlglel WP o]
3l

3
o FAE 53, T, W, S, g, A, At
o} 28 Azt ofsh A EoIA] ek HBHS
28 TR EE 2L o] E(incament)2r gk ol el
3 YA LREL FERY P R Belo] 9)
o0}, FERA A 9lo] 7| 2ARE Bo| B} 4
FoA AL F om #0] Hel e 4 ko] i
o) Th3AV7HA] chofalA ke, vl Ak o] 4

CRC ERL

EAE U3k o] Qlrk. Ramasamy $(2011)2
IRS BA}o] = /=2 0]-8-3f) 1= FH A 2| o] gt
Adtzet W E A o) ¢ (drainage anormaly)S Y5}
I o] A oA gFoe = Jojd F2A MBS o &=t
8ottt AATAL W2 o83t Aatx FEH e
2 27|o= 2 &t #=o] o|Foj K Caran er al.,
1981). SFA|RE GAboll S¢t IS St A2 F52 4
TARO] A heho] SjEsof st Algto] Wol Aa &
= @] Uk ol 3t ZAIE s A st ] sl Als At
Z2 3= 7IME0l oY A5 Sl A o H, wE Al
7 el AAR1 Atz F2&0] 7hssi At Wang and
Howarth, 1990; Koike et al., 1995; Costa and Starkey,
2001).

TRH 02 BT A o] Bk AU A AFEE w
oFs}7] 18 et ARe dlole AT A R e} A
(c.g 3 A, BY2AL ROk LA 0] o] 7
o1 (T} Chernicoff $5(2002)-& oF2 JE] L} 2 AJ 3 2] o of
A LR A0} n} 1w} 2 Te 5 akaRe 7t
S 2ABE] S5 T At B Aelebal 4ha 12
17129] AW A2E T BT vt glek. Felv] 4
A2 QA 2 WAlo]7] o] MRS} T FRA &
A3t AP A 54 FAo F25tth Kusky?} Ramadan
(2002)-2 O] W3 Apupx| ofof) 91X/ A1 QAT Wk

>

Explanation
Cale-Alkaline to Alkaline

B3
[ Granite
7] Granodiorite

Cale-Alkaline Plulonics

b

Dicrte and
quariz diorie

Gabbro

Structural Symbols

~g9" Strike and dip of layering

( great circle trace
of foliation

Fig. 8. (a) Landsat TM ratio RGB image with SIR C/X swath of the western part of the Allaqi suture, South Eastern
Desert, Egypt. The TM ratio image reveals rock types remarkably well, whereas the SIR C/X imagery shows structures
better than the TM imagery. (b) Structural interpretation map of the western part of the Allagi suture. The map was
made based on field mapping and interpretation of Landsat TM and SIR-C/X SAR data (from Kusky and Ramadan, 2002).
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o} o] FEZA]Hlj(structural control) S ZAFSH] ¢35 T™M
/\h} SIR-C/X SAR, @A XA A2 & 55 E5HE4]
Fch(Fig. 8). o] AtollAl= TM /2] Wil
AFQ“BH S FE5FA o, SAR ‘x"z}«] L i
o]l FEh o] Felt=E, FF, TS T = <
itk E3FSAR Chh-Lhh-Lhv B = 9] RGB A 3HA] oA
S AT S7H] 5 shelgho = A28 7|
T2 E2 ZAEYT) SPOT GARS. T2 TR oAt
5] & FrrE} QA Aoz ol AT
£ sfetshizn] wabH o2 AH§HIT. Korme 5(1997)
£TM G421 SPOT 3% Al o 2.5k 1
T tfj(extension fracture)?} Sk (volcanic vent)2}
—TLiZq S5 Felska A7+ 52| (geodynamic)
1.0 ™, Saintot 5(1999)-&TM AL, SPOT
ARE-sl) 2R A RX] A} FRA S
S, T -2 A A2 Z(tectonic structure)
5}5ick SPOT 9442 22, AL, B5te] o] 5
| UERS 4= 1= X & ¥ $(terrain displacement)
=2 5H=d| = ARE-Fl v} 2)cHCrippen and Blom, 1991;
Leprince etal.,2007).
] (landform or topography)2 X| ¥R 9] 7| &
Fah] 1 |9 9] R ALRE vrdsit) o] 23l x|
wol7] 19 743 gro] H-5h 4527} DEMCIck DEM
QAFE FAISHE 7t 9 dnkt 2| o) 3L glol 728
A7 2 Lidar, #lo|e] 94, 35 B= A48 AR
RE wHEo] Xtk t)#491 DEM O 2= lo]H GAS &
3] A|Z+E] SRTM(Shuttle Radar Topography Mission) i}
ASTER AR E3] A2l GDEM©| QIth Gani2}Abdelsalam
(2006)-2SRTM, ASTER DEM A} &5 RADARSAT JAF
7} ASTER GAtat Aglselo] E4gtozH ofg @ mjo}
Nile X]2}0] 2| gak4], Qriista, 724 5458 o 2
Abstoiet. AP RES Aot 2 (AT R 258
Sl #ae3 4t} ekl $415)7] = ek Masoude} Koike
(2006)*=ETM" 934}t SRTM A} o] A% AHg3E 7]
#1821 g3fo] ol 21 AR} A|2kSiwa) A ool A Lie}
Uhe 1728 2201 Al T20] B R} g
HA 2H 0] WA 5-& =AI5FATE Kwatli 5(2012)2
Algjote]] 1|7 Ak ol et Fe-F28H2 Q1 FA]
& YIS ETM” 944t SRTM At25 AH8-8F1ch Kruz &
(2007):& 0|8} &.7)o} Q=T & b Lpeh b TR
“Hcinder cone), SFEAvolcanic cone)Q} S X ZAELZ
o Mok BAES 2A57] Sl T™ 4T 33 )
A0 2 Y =S| DEM A48 AFg3hch &
o] FE2 3 Lk 35 Bokret 28 a7
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& 2A17] S18) AL AT AR A 41§ 5]
7] &= gt} ol & £9] Prinz(1996)+=ERS-1 11 %=(altimeter)
Z}EE 0]8-3l] DEM A& Z A3t & 3= Gosses Bluff
%% 2ol (impact crater)2} 7L 5 |l A LEh
T2A EAS A8 Buchner®?} Schmieder(2007)
= WHez Qe Hto] E7FsE F=(Chad)ell $1x|%h
Mousso 2| ¢J2] A A1L%E 2A}617]) Y8 ETM AT}
SRTM Az & ARE-8f w4151l eh 1 23} o] | ¢jo] 35
Gosses Bluff 239} 72 o} 2 of 8 2455 B35
3} ujsat A AFRE WS Bl o, et HAE
L2 W2 S Y] FE B E Adskilrt Fu 5
(2004)-2 2003 ©]2+9] Bam 2| &l A A3l 47F 1 o]
Apo] AppAFE W A1 6.6 7| 212] 2lelo] | ST 2|2
o) A Yet4, 7|seh £ X% M7} 9] ASTER 7
A} DEM G4 o] 83) ZAbstich o] 2 53 o) 2
HEE] B U ES sk TS 371 %
A Bre) B8 715AL A vt ol

ZE2E Yol &8

B3 odAlo| Xo| U EX)
253 A AN hyperspectral imaging)©| ¢ -8-o]=
I=2(imaging spectrometry) 9] 7] 7| &5
ol A A2 EE = ATKGoetz et al. 1985) 08‘*0 L.
olgt Ax}7| AHE Y] 2R A, 7FAIEAL, A 94
ol Al A& Z*"J—’F‘?%E EHNEE o]-8-8f - dAtE 2t
Shaso] gk -2 o 919 ‘j%ﬁ%ﬂEEd ARE
Aégﬂﬁ‘r )=o) 79 28N 37
olgt= §oi7} A AREE AL 3131:4, EHH ol A=
FAolzt o7t AR R o] 2 A 02 deA]
(Kim et al., 2005). TFE-0 GAM} 2B A9 7]—
2ol F shhs 3 E 9] rof] Qlrh 100017) 0]/
HHE0]0.01 imO] F-2WHE Z O 7 o]Fol Xl g Gt
2 FFY 47| StaR L ofe] k= AP AN 23
A= S35 A 9 AA| A HE T Ao ARt
PO g EYS A5 4= Qlrt Bhdo| thEEE
o] 749 100470 ro] fH=o) 0.1 im FE ] HiE £ O
2 o]F0A] Q7] wj ol A ] gt S A ERS
Uethl= dlolli= A7F QAtkFig. 4(b)). 258 42
w5} slat 2gke] M) Aai AL obich
2 QtollAl 714 523 e WEo) A ke o
Q14Q) FAME A RS GEoRA 54 wsle)
Z2 ool A el habae] B S5 2 7
4= =710 It Goetz, 2009).
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3 ogato] k7o) sl tig AS M AT =Y
= 47) SlsliA= A A Xﬂlﬂ(preprocessmg) FHo| u
o 5 HAR AL w3kt
=g 08‘%9] Kl 13101] Jrhfl dHo 2 ST
It Kohler et al., 2004; Kim et al., 2005; Schaepman et
al., 2009). 10| 39 253 oAk HA ol 4] B}
F% gt GO R ABH, oleit A Aok 9 o
7|57go] AAolt). 2 AME HAT F710d=
3ol M)A SS9 GPSe} AT A Hol
Rt 719] Al FEE Alshe WA A (inertial
navigation system)7} $H7 €l E]o] glo] 7|5}eka] B A
& 91 PHE AT B2 5 e i) Fege
710 ©Jgk Alek 8l -0 O]k o) wal7] Ay o)
HAs7] 9ls) Ho]—}‘]' dgrdo] 7| 23k Ao 2y 79 T
AR 247 o187 AEA YA 71 5L AL

:ﬂ

H o=

A3 A|A 575171 H??_ A
%‘XJOH Sk 25T Y ERVIMES 1
H 71X 2 L83 4= 9Jth van der Meer
(2006)= _l_ﬂ—'—l' GAF B2 7S 34 B3 $Hspectrum
matching) 7|1} FE35}A(subpixel) 7| HOo g2 L2
6 i, Mustard 2} Sunshine(1999)-2- A EA W (feature
mapping), &3 E F W 3 (full spectral mapping), <3
9 &)(mixture modeling) 7| o2 JLE3}H ] of 7] o) A
o8] 71A GEA R 7IHE F 3E 5ol gol ARSE
01;(]_ 7]H4 o EX]EHJJ E/\_ﬂlEEJEHJJ _?.Z_?S\—Et—ﬂa]

H=22 — iU

] S3ol0} S0 A A Ao 1
o 3 WAl 54 Eo] AN G540l thet
URe 914, B AE, B ATERS] BokS ol 8T IR

2 Z|A17|9F AE7F A A El(knowledge-
based expert system) o2}l E ET] -, AS A A =
g W2 A E o] A<A|(continuum) AJE-L A A5
F B4 2019} Hol, thAAS Akke ohg, 1 AT
Aol il &) e B5351A FkKruse et al., 1993a). A
&) Aol AAE AHER Q] g Zlol= T Ao
ZEE ALE|o] R tH(Clark and Roush, 1984).

D=1-R/R, @

ot

FAAF 587

2 & o%‘
o710 M D=5 2 EF ) glo), B, = A7 A5
REN BLRAE 2L A Ry olH9] A5 A

H
TR
£ A7} A ke i SIS A
7l 2z peto| B ale] Ei AR A AvE ) 2 4%}
S o) g3to] wlmshs whlelth o] W AT} A
2HE g o HHEAI Aoz A JEJE@P Homn,
Tetracorder2h= 0]50 & E2]2-THCClark et al., 2003). &
AyAe] 239l ENVIO| A= SFF(Spectral Feature
Fitting) o] 2hz o] 2.2 FAJE|o] Qlck A W= 7He-Alek
298 AL g o] 9lek. H9AIRk me e ofe el
B EXo] 59lE AdE L t] ZEE X (deconvolution)
QoA 74 HES SISk o), BelH) A S5

helek SR glol WA e el Lkt
Al

A=t 0]-&%] ¢t Sunshine et al., 1990).

BEO| BAEMS o] 4ot ER w0 BES ehx|sls
o] 53121 ' F shutelch shA|qk g4 B4 o] YEl
= 54 G ol A wt 288 w311 917 wio]

U 2] 3 ol A & S ofl sl Al= Ao ¥ A b=t
Zo] 9ity EAWMI O EF| EXA Q] TLEA o] e

2] okl Qhukst AMEY P2 Ho|l oH BE ) ofA
R0l 48517] o ek, oleia ol H-& atyel
o] 4| ~HE RS WwE 4 ol BAuEY w7y
So] AEole. AR B AUEYS SF Baue
% W71 7hA] e PR 2 olk 3 A B
B GAIEE 245 o2 AA JAlo|A] 2
9] SIS EA FEO] FX(reference) -3 AH EH
Wlste] fAHES Bolel ek 2% B AvEge
T Aol Lt Alal Ao A ZAat B mEo] AHEFo
U Aol 4 FE0 AMEYS AT 5 Uk $AES
Brleh= YO 2 Binary Encodmg 719 (Kruse et al.,
1990)7} SAM(Kruse et al., 1993b) 7|®Ho] it} o]=
SAME LAFAL = o83 = B A 7ol 7H
wol AHHE 71 % Sh, F AMER S nAe Bk
o) HE| LT 7 L) AT A 4

24517 Hlek. Hols SHEEH 242 5o $41
E% H]J.LO]'—C SID(Spectral Information Divergence) 7|
o] A¢tE| %o w, SIDE=SAM 7|Ho|| v]3| av}z o]zt
a1 42 A RUt(Chang, 2000). 71 9ol &= 223 G433 &
2 29ER Jho] Aodw gS Altste] EA4s=
CCSM(Cross Correlogram Spectral Matching) 7| o] A|
oF & v} QltH(van der Meer and Bakker, 1997). EAHE
o) % v byl o 2 Babex) 7ol ik £
7 71E 2 sk Bl R 0] Bt AdER 415
= A7 = o B E v AEEY AT oA

A7le Aoz A Enh 23EA] 71N A E




AR S 97 v

ofgtal: &=t He AT EH 2 AZA 2] ool A
3 AT HAE s Bol A= W o]tk(North,
1963). {334 71 frAE 54 7o 71 2 At
o] TFHA 712 w4l &8 skt Whef A

AHsHA] grethe Aol Atk

2

= &3 7e fass

L

(

H

1__ O U
o] AAIEKA E]- Harsanylﬁ} Chang(l994) EFAT o}
el 914 ke Wi AL E 7L ERfElo] Uehd o 54 &
10] A5 5 g2)3}7] 98l A F27¢ -Eroé(orthogonal
subspace projection) & ©|-&3F LPD(Low Probability
Detection) 7| -2 7}t o] Qo= FBA(Foreground
Background Analysis; Smith et al., 1994) 7|3} CEM
(Constrained Energy Minimization; Farrand and Harsanyi,
1997) 7]40] 253 AR E Sla) s gom, 7 7]
W B A MBS BEA S He A1
I = e wE ARSSThE Aol A] Hls=S)th FBA 7|#
= ALz thgt A E7} A AL o] sf w]E] AR E o
91010Fs}0, CEM 7]8& %341 50| chet gk 01
1:::] o)—g;]];] o]x] ol-\— HH;&] Al {—__ og/}:) oitla ZX-I-GI— /\
itz o] ol 7} elek 2 27135t Hofel 4 24+
010 AHUEY 719e 2EF G 24T A5 B
Sao| 2 EA 2 25 27 A& Ao 71tk Boardman
(1998)2 o] 2|5t &A1& 7H4 k7] 913t MTMF(Mixture
Tuned Matched Filtering) 7S 7|slom, o] 7]H
L s3tmdeyl 7|Hul Jatd e 7H-ES A E3aka
of| th& =AIE 7NAAAIZ TR MTMF 7% 9] 7] & 7id 2} o
2] 183 A9 52 Boardman®} Kruse(2011)2 5
3 ARl 7= ol 9l

3tnds] 7jHe FHESkA(subpixel), A1
(linear spectral unmixing, LSU), H-3-&§H24(spectral
mixture analysis, SMA)o|gtal = St QATA; GAF

L o|F1 Q= 71 s EA I HA S Y #35)
L EAE e HJJ-u}/\].E Zro s 7|12, A& o
B ke of 2] Bo] BFEo] e thE glolt). &
ghuels) 7]y ZlEels shte) sk o] £ o]
Sl 7i7te) gt LB AS) i A A
(abundance T+= fraction) & AlAF|= Zlo|t}). o] Wjo] &=
$8F A= 22 endmemberetal FETh AATAL F4F
of g skiof| A vehhs 23 415 2HE endmember
=9 A ARHIE ALt 97 B2 =gE50] o]
2] $¥tHMustard and Piters, 1987; Gillespie et al., 1990).
sgmdge] 7|2 HAl= shte] ka7t sk A1
o] AR T2 B EAJL 717 2 7)) endmember 2 4
o] glofof Fheh Zlolcheg. A, B9, B, i A2
Ch2 3= B o). whef 21249 endmember50] 554 2.

m>4 e m[n r
;

A L5 5}

o) Ay L B HE 445

2

2 EASIAL A2 QIS A A] =tk 7HEsHA sh
9] 3k k2 AF Al EZELEE UERA Eok v
endmember& 7o)l A2 S v R]A| =W shte] Shas
o MR 202 e Hn, ol5e] A
E A= AL = o] E-eR| A Hok vjAE A E3ka
2ho) 2331 4do] wek, AA) chiiate] ERHREE FHe A
34 Behn ol ek ul AR 4 Eakase] B AT EE
JLE3] 0]F0 X 11 Q)i (Mustard and Piters, 1987; Hapke,
1993), SR e 7]He] A2l e A nhe] BYs
X] L] 7]—7(] endmember=-< ] /v]E]-] ]— kel 0?]/\1—01] __\',i_”c"ﬂ—ﬂ i‘é‘l—
SFAES 229 endmember F-G-H| 2 23|51 Hck &

g ol A endmember®] A8 BH-2 A & 7127t
Itk 3L Al BAR7E AR of s A Aol 4 B
AR A 245 A8 EHS AL g5 AL 7| &) Bdelo]
HygolA AREHES )| endmemberE AREEF 4=
St} slA|qk o] W o 2 HelE endmembere] AHEH
& o] 35 1 Aol hE B H 204 dolal &
=) © 4] ALA] QAT LERHE 23 E R 3ol 7}
o 4 glof 4 Aol kg v 4= 9l ol it oo
o= FolA 27 endmemberE F=E317] 9fRE o
S0l AAE T ek, ELS] WHERE PPI(Pure
Pixel Index; Boardaman, 1993), IEA(Iterative Error
Analysis; Neville et al., 1999), N-FINDR(Winter, 1999),
AMEE(Automated Morphological Endmember Extraction;
Plaza et al., 2002) 5-°] 3t} o|F Uubx o7 7}AF o]
AHE-E= B O = PPI7} Qltt PPl Ao =5 E £
SFA 0 2 71} £453) 3EAE ZHola] o]E endmember 2
A el5]= B o]t} PPI 2 endmemberS 2 A 5= 14
7% PCALFMNF HERS o) B4 S o5}, 9%
H ol SasS nAbd oA HHEA o2 T 3P°4
7 Etol 91A5hE Sass 7MY 5t S
3}al o] & endmember®2 ZAA5HA Hth Fig. 9(a)= :
2o E 2] &1 ] AVIRIS %GAHO & MNF2}PPIS Edf 2%
5% g2 n A Tl A EAEH] 7709 BE
endmemberE- 443} tHFig. 9(b)). ©]|Z A A7 % endm-
emberE ARE-Sl D E R 71HS X#%%‘—E’H Tzeto]
E A o] Rz sk FE0] B2 S ERISHAtFig. 10).
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1. Alunite

2. Kaolinite
= 3. Buddingtonite

4. Silica

5. Muscovite
— 6. Calcite

7. Playa deposit

1 1 1
22 2.3 24
‘Wavelength (um)

(a) (b)
Fig. 9. (a) AVIRIS image of the Cuprite, Nevada showing the location of (b) the PPI image endmember spectra.

Buddingtonite

®

Explanation

I Alunite

1 Kaolinite
I Buddingtonite
1 silica

[ Muscovite
Bl Calcite

[ Playa deposit

(&) (h)

Fig. 10. (a)-(g) Matched filtering score images. The pixels with higher MF score are expressed as close to white. (h)
Classification map of the Cuprite, Nevada using PPI image endmembers in Fig. 9b. Each endmember class is thresholded

by empirical value.
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& Fte)-+ 33K Crosta et al., 1998; Bierwirth et al., 2002;
Gersman et al., 2008) FE}| o] FAA|of| A 714} Wo| &g
= ick 1 Qo= dZE]Ad E3HA(Bowers and Rowan,
1996)4, A~718 A S|lER <4 34K Rowan and
Mars, 2003), 23142 E3H4|(Rowan et al., 2004) 2} 7+
o2 ol2] 39 AR ol A#FE E oY FEE
517] Qe 22 gl o-§E Ak E3F A A Hol
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Sensor HISUI Sentinel-2 EnMAP HyspIRI
Developing country METI, Japan European Space Agency DLR and GFZ, Germany NASA, USA
2A: 2015. 04
Launch schedule 2016 or later )B: 2016 2017 2020 or later
MI*: 90 km
Swath HI**: 30 km 290 km 30 km 145 km
. . MI: 5 m
Spatial resolution HI: 30 m 10, 20, 60 m 30 m 60 m
MI: 0.45~0.90 (m VSWIR: 0.38~2.50 /m
Spectral coverage HL 0.4-2.5 /m 0.44~2.19 (m 0.42~2.45 (m TIR: 8-12 /m
MI: 4
Number of band HI 185 13 232 > 200
MI: > 200 400
SNR HI: > 300~450 S0-174 150~400 (approximately)
. . . MI: 12 bit . . .
Radiometric resolution HI: 12 bit 12 bit 14 bit 14 bit
"MI: Multispectral Imager
"HI: Hyperspectral Imager
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