SHZX}IZ5I5(X|(J. KSMER) ISSN 2288-0291(print)
No. 1 (2013) pp. 44-55 ISSN 2287-4321(Online)

Vol. 50,

A

E
[d

EO—1 Hyperion ECHEZ QINBAS 0|88t LR X1 ME[Qt EX]

Limestone Mapping in Gangwon Area, South Korea Using EO-1 Hyperion

Hyperspectral Satellite Imagery

Chang-Uk Hyun and Hyeong-Dong Park*

Abstract : This study presents approaches for limestone mapping in Gangwon area using EO-1 Hyperion
hyperspectral satellite imagery. Limestone potential index formula was developed for fast and effective limestone
detection, with utilization of intrinsic spectral absorption features within short-wave infrared wavelength region
selected in reflectance spectra of carbonate minerals and spectra measured on samples collected in field. The
limestone potential index was mapped on water, vegetation and snow land-covers removed area, and limestone
open-pit mining sites, exposed slopes around road, vegetation removed construction sites, and few bare ground
areas showed high index values. To apply partial unmixing matched filtering method for sub-pixel abundance
mapping, spectrally pure end-member was extracted from the imagery. The partial unmixing result showed similar
limestone distribution to the limestone potential index mapping result but slightly improved, with verification using
high-spatial-resolution aerial photographs.
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Fig. 1. Location, true color composite image and geology
of study area.
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Fig. 2. Workflow chart for the processing used during this
study.
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Table 1. Water, vegetation and snow indices for masking of water, vegetation and snow land-covers

Index Original formula Reference Hyperion band input
Normalized difference * Green: 569.3 nm,
= - +
water index (NDWI) NDWI = (Green - NIR) / (Green + NIR) Xu, 2006 NIR: 823.7 nm
Normalized difference Tucker, 1979; NIR: 962.9 nm,
= - +
vegetation index (NDvI)  NPVE = (NIR - Red) /(NIR + Red) -\ conetal, 1983 Red: 630.3 nm

Normalized difference

snow index (NDSI) DS =

(Green - SWIR™) / (Green + SWIR)

Green: 569.3 nm,

Hall et al., 1995 (wir: 1648.9 nm

*near infrared
**short-wave infrared

HEo] tiste] Datt 5(2003)0] AAJRE tf7] & 22
25 g U WEE Farste] 370 AR
&, AdE 176719 MER g% Qe diste] di7
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298 ARSI 24 Gl AL NZTHTable 1)
AR8E] Z|4== normalized difference water index(NDWI),
normalized difference vegetation index(NDVI) %! normalized
difference snow index(NDSI)Z 7|EZo g =r}Ey
FdETE MEZo] §le theid A4S tide= 7Y
Hoick 2 Aol 7 A5l PR AHgHo]
 UEEY 94 WEY wgY e EgEs
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L ZF Ao AlE g WHEL= Table 1of] A48}
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8 82 HE SR ARl FBA
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= 50 oJste] A% of &Z Bl&o] yehdthPearlman
et al., 2003). TP GHAIME 4P W To] Bt
Lo|ZE goto g slold 4= 9l 31 o] 3t 1,-_0]294 A
AE 514 MNF(mlmmum noise fraction) HIS 4=
35t MNF HH3RS o455 235]9] FAIRHSIOo 2
FAE 1eo)= A7 @ HHEA S8 PaAA Ak
29} 888 =ol= AHo] UtHGreen et al., 1988;
Boardman and Kruse, 1994).
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SHA Frt

2 AFoA= By 24 F FE 2EEg
2¥9] A3} PE] & (matched filtering) S AFE3H T} 7}
A 71RAHR) BUEE B Y e 240
sl ol EAfske BE AEVE $7 © wSA
of tiel AHE WA= dl= A= 2, Agd diidel
WA RE Axeln WA AEE ooz dake
gxeharl £ ka4 ) £ HHS 24 4= 9ok 3
ot} 2 Es A3 Wele 2427 matched filtering
score)t= 5713 WHAEeh Heks] Aok ke 4
S 10] AAE L 3t ol FAHAT TEo] AA|shH=
H-&o] maba 03} 1Abo]e] 42271 X4 H thHarsanyi
and Chang, 1994; Boardman et al., 1995). A% &
o 7 sha v 2@ BEael 3% BX5e 9
212 ) 7ATHOR Qlste] A AA2AE Ao
2 g o g AL r|oj2ltRowan et al., 2004; Vaughan
et al., 2005; Bedini, 2011).

Aot AR @ A FEPE o]-&sto] A
A 3]Qf RO HE HrHE flete] Y9 &
A5 A7lel BsE naE GRS ol gtk
FEARRRE 2011 5o E5E%leH, 30 me] F1h3|
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M3 FHEHE EHUNEY 2
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(Table 2). 0] & 7}35F SHi== vy + 2v;3 Q1 2.50-2.55 pm

2} 3v;2l 2.30-2.35 o]l §Jx3tc) o] Qof vy + 2v; +
vy EE 3vy + 2v4Ql 2.12-2.16 mm, 2v; + 2v;3Ql
1.97-2.00 tm 2 v; + 3v;21 1.85-1.87 tm £-2] £]X]of|A]
oKt S4ei=7) W tHunt and Salisbury, 1971;
Clark et al., 1990). ®-afj4l} w242 JARSE ]3] of A
FHEAo] YERUAIT WA o] ggEAdo] Waljan
o g skl AR,

ul= A RARAIAS] B3 go|BE#E] F Beckman
5270 FAE AMESEe] 0.2-3.0 pm o] TPFFFolA =
Aok oA} sl Ao] thak BRNALE 9 AUE 4
Ha} Aol A AT 5] P A| B (22t Limestone-1
4 Limestone-2)o4 ASDAFS] FieldSpec™3 H5gA|=
245t BRI S 0.4-2.4 mo] $HYsLe] EA|SkgITh
(Fig. 3). & YA EE X-A 3474 (X-ray Diffraction
Analysis, XRD) 23} ®Fel4 o 2xt F4H 202 2l
E)9I), BN ANl WhALE 2ol |7 ski
E449 FHEAL AEs7) Slste] BE Tho] uhi
52 0424 o] B HALER Wl 7818 S
stk BAATE Foto] Belat Tk BEO] T
£4] % 2.30-235 mo] $IX5 FHEAo] Hevie
TANA 7P FEAA Yesth o] FEAC] U
Ehbs g wellA] 2325 9 2.335 mo] 9A]9
Hyperion FA4F W=7} 5531, wheba o] ol 9
A G MEE= Zrhed YA GdE o835 2384
EAPA B BES 'BAT ¢ e S3AR

&+

qd FES E
FEHLR o] &E

o~

Mzjot ETHRIS: THt
B Soluelelol Aeat Ak B2 U U=
Aol AFe Ml AZO] HARE o] ket

W IRSE SHEA Ry 7 FEEH dehus
2.30-2.35 mmof] $IXS FEALS A3 ARG

Table 2. Positions and widths of spectral absorption features of calcite and dolomite in SWIR region (Gaffey, 1985, 1986)

Carbonate Calcite Dolomite
band Position () Width (¢m) Position () Width (1m)
1 2.530-2.541 0.0223-0.0255 2.503-2.518 0.0208-0.0228
2 2.333-2.340 0.0154-0.0168 2.312-2.322 0.0173-0.0201
3 2.254-2.720 0.0121-0.0149 2.234-2.248 0.0099-0.0138
4 2.167-2.179 0.0170-0.0288 2.150-2.170 0.0188-0.0310
5 1.974-1.995 0.0183-0.0330 1.971-1.979 0.0206-0.0341
6 1.871-1.885 0.0190-0.0246 1.853-1.882 0.0188-0.0261
7 1.753-1.885 0.0256-0.0430 1.735-1.740 0.0178-0.0395
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Fig. 3. Spectral reflectances of (a) carbonate minerals selected from U.S. Geological Survey spectral library(Clark et al.,
2007) and (b) laboratory measured spectral reflectances of limestone rock samples. The selected diagnostic absorption
features within 2.30-2.35 /m in the inner boxes are marked with vertical lines corresponding to the nearest Hyperion imagery

band center.
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Fig. 4. NDWI thresholding for water masking.
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(2)
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Fig. 5. Study area subsetting using masks for water, vegetation and snow areas: (a) NDWI thresholding, (b) NDVI and
(c) NDSI thresholding on water masked area, and (d) study area subsetted with all masks.
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(eigen value) AE ¥ SQHEAHS 43351911, THA
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7t At Ao TE|o] 4F] 67H2] MNF Hi=o] df

ato] ABITRS fafalal wo| =7t AlAE P Ea}
IHFig. 6).
A H 333 A
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Fig. 6. Minimum noise fraction (MNF) transformed bands:
(a) the 1Ist MNF band containing most abundant
information among MNF bands and (b) the 7th MNF band
recognized as noise dominant band.
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Fig. 7. Limestone potential mapping result using limestone
potential index: A indicates limestone open-pit mines, B
indicates exposed rocks and soils for road construction, C
indicates limestone open-pit mines, D indicates exposed
slopes of bedrock around road, and E indicates exposed
rocks and soils in alluvium of construction site.
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Fig. 8. Limestone end-member extraction: (a) end-member
extraction using n-dimensional visualization with 1-3
MNF bands, (b) location of the extracted end-member, and
(c) spectral reflectance of the end-member and the limestone
samples.
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Fig. 9. Partial spectral unmixing map using highest
limestone potential pixels: A indicates limestone open-pit
mines, B indicates exposed rocks and soils for road construction,
C indicates limestone open-pit mines, D indicates exposed
slopes of bedrock around road, and E indicates exposed
rocks and soils in alluvium of construction site.
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Fig. 10. Comparison between partial unmixing map and
limestone potential index map in open-pit mining site
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9: (a) partial unmixing matched filtering score map, (b)
histogram matched limestone potential index map using
the matched filtering score map, and (c) high-spatial-
resolution aerial photograph. Arrows indicate prominent
differences between the partial unmixing mapping result
and the limestone potential index mapping result.

b8 olgat AAE o] A B 53

2 971 BARIC R Adesto] s1A=T17Y e (histogram

equalization)E 4~33}1(Fig. 10(a)) o1& 7|&£o=2 3}
259 grIgke] Y3 £EE YEhl=s A3t A
4= Aol tfjgle] S|AE 1R A (histogram matching)

= Aklt(Fig. 10(b). + 2ot HA oA
=571 A7 Uitz A1 T SHEHA)R A AH 2
Y TR =2 Y Aol EAiE A HellAe A
iy %PXHXI’VP Zéz‘ e Ayt did e A=
(B)E AAE A g5 A
do| =Ed Xl"“‘«l <+ A2 A A lA = A2

A g Ao Hhsto] At e daolde B2 ok
Z ¥do| o] AAes o M3 B g e
v Qe R "elw duke sk o) Sl
BREHAS SR HHEY BAZAT0)Y] i) 3t
2 jofl 2ok Aejgtel FeHAe SAste] AAl A3
i 54S ¢ Aes] Rhge 2= adkEn:

:%‘:

.I

£ Aol AUE A9 el BE
Hyperion ZChg 91940 £44e Sashach 3
ol As mueg 9 AR GG Aefste] A, A
Y % e e st} 94 Aol s u}
228 A3k 2HIAE AFL $ AU 224
FEe| AT BYAE T kg
e oluA] 4 shgat wevkE 05_@7]@% Agt
sof Akt Hejer WA % 7
HATHA] B AT S Gl FE B
47199 Y Bel 71 Abgdtel Mg B
2 Agstack BRI 9N 54710 2
AT A7l 25T TSEE FFARE] v T

Folo] WIS shirk

=Hoz

|

o5

bR ol el shgaiel Azigke) Bahis
e 7yxE 4= Q2 110kE A3)ok 2+ AL XA

o WEUS Aot ke ko Astel e
w490] Zh53t ol Gtk B WANSE e
Aol efstel TaE GRS A A 4

[¢)
1% ] offol s Bk nes o)
=l ohvhied Abl
9 sk 3% Aole] AARAAA e HA}
Jow skIsgic 94 wold St Lt
o foat Asigtel BRABAG Tz A
Ue 7He A Axk ABler Aok A
S1xollA] Asleke] B BAE|glch AL Aigtol
A5 Pt weBElo] g wHAY WA Bt

O@,
O{N
ro
_>i
w
3
i
i
i}
S W
_IR
;

Als0d A1z



7o) B A3k gAE Sashs Ao et

Yol A 71 45t Bagne weheo] 328 157
F BHUE] A9olw B T4 olelo] | 55
sho] EA} Uehkth G A5 o) gt A A
2 SVIEA AN EE TOHNE 9

7} W St EEA Aol H5E 2ohEY 4
22 olgst £49] 59 A] W& oA Alsha ®
3k 7)20) thg R AARAtel sk AU AW
o] X7} 7158 Ao 7wt

AP AL

o] =2 AABAIN AHANEEA S AR A

A o} 3YEl Aol ofof A=Yk
kL

Beck, R., 2003, EO-1 User Guide, Version 2.3., University
of Cincinnati, 74 p.

Bedini, E., 2009, “Mapping lithology of the Sarfartoq
carbonatite complex, southern West Greenland, using
HyMap imaging spectrometer data,” Remote Sensing of
Environment, Vol. 113, No. 6, pp. 1208-1219.

Bedini, E., 2011, “Mineral mapping in the Kap Simpson
complex, central East Greenland, using HyMap and
ASTER remote sensing data,” Advances in Space
Research, Vol. 47, No. 1, pp. 60-73.

Boardman, J.W. and Kruse, F.A., 1994, “Automated
spectral analysis: a geological example using AVIRIS
data, north Grapevine Mountains, Nevada,” Proc. of the
ERIM 10th Thematic Conference on Geologic Remote
Sensing, Environmental Research Institute of Michigan,
Ann Arbor, MI, May 9-12, pp. 1-407-1-418.

Boardman, J.W. and Kruse, F.A.,, 2011, “Analysis of
imaging spectrometer data using N-dimensional geometry
and a mixture-tuned matched filtering approach,” IEEE
Transactions on Geoscience and Remote Sensing, Vol.
49, No. 11, PART 1, pp. 4138-4152.

Boardman, J.W., 1994, “Geometric mixture analysis of
imaging spectrometery data,” Proc. of the 1994 International
Geoscience and Remote Sensing Symposium, IEEE GRSS,

]

A gete)

uyE

Pasadena, CA, August 8-12, pp. 2369-2371.

Boardman, J.W., Kruse, F.A. and Green, R.O., 1995,
“Mapping target signatures via partial unmixing of AVIRIS
data: in Summaries,” Proc. of the 5th JPL Airborne
Earth Science Workshop, JPL Publication 95-1, Vol. 1,
JPL, Pasadena, CA, January 23-26, pp. 23-26.

Chi, K.H. and Lee, H.J., 2007, “Extraction of pyrophyllite
mineralized zone using characteristics of spectral
reflectance of rock samples,” Korean Journal of Remote
Sensing, Vol.23, No.6, pp. 493-500.

Clark, R.N., King, T.V.V., Kleijwa, M., Swayze, G.A. and
Vergo, N., 1990, “High spectral resolution reflectance
spectroscopy of minerals,” Journal of Geophysical Research,
Vol. 95, No. B8, pp. 12653-12680.

Clark, R.N., Swayze, G.A., Wise, R., Livo, E., Hoefen, T.,
Kokaly, R. and Sutley, S.J., 2007, “USGS digital spectral
library splibO6a,” U.S. Geological Survey, Digital Data
Series 231, http://speclab.cr.usgs.gov/spectral.1ib06.

Cocks, T., Jenssen, R., Stewart, A., Wilson, I. and Shields,
T., 1998, “The HyMap airborne hyperspectral sensor: the
system, calibration and performance,” Proc. of the 1st
EARSeL Workshop on Imaging Spectroscopy, EARSeL,
Zurich, October 6-8, pp. 37-43.

Datt, B., McVicar, T.R., Van Niel, T.G., Jupp, D.L.B. and
Pearlman, J.S., 2003, “Pre-processing EO-1 Hyperion
hyperspectral data to support the application of agricultural
indices,” IEEE Transactions on Geoscience and Remote
Sensing, Vol. 41, No. 6, pp. 1246-1259.

Gaffey, S.J., 1985, “Reflectance spectroscopy in the visible
and near infrared (0.35-2.55 microns): Applications in
carbonate petrology,” Geology, Vol. 13, No. 4, pp. 270-273.

Gaffey, S.J.,, 1986, “Spectral reflectance of carbonate
minerals in the visible and near-infrared (0.35-2.55 microns):
calcite, aragonite and dolomite,” American Mineralogist,
Vol. 71, No. 1-2, pp. 151-162.

Green, A.A., Berman, M., Switzer, P. and Craig, M.D.,
1988, “A transformation for ordering multispectral data
in terms of image quality with implications for noise
removal,” |EEE Transactions on Geoscience and Remote
Sensing, Vol. 26, No. 1, pp. 65-74.

Green, R.O., Eastwood, M.L., Sarture, C.M., Chrien, T.G.,
Aronsson, M., Chippendale, B.J., Faust, J.A., Pavri,
B.E., Chovit, C.J., Solis, M., Olah, M.R. and Williams,
0., 1998, “Imaging spectroscopy and the Airborne
Visible/Infrared Imaging Spectrometer (AVIRIS),” Remote
Sensing of Environment, Vol. 65, No. 3, pp. 227-248.

Hall, D.K., Foster, J.L., Chein, J.Y.L. and Riggs, G.A.,
1995, “Determination of actual snow covered area using
Landsat TM and digital elevation model data in Glacier



EO-1 Hyperion 2t YJG44E o83t 7

National Park, Montana,” Polar Record, Vol. 31, No.
177, pp. 191-198.

Harris, J.R., Mcgregor, R. and Budkewitsch, P., 2010,
“Geological analysis of hyperspectral data over southwest
Baffin Island: methods for producing spectral maps that
relate to variation in surface lithologies,” Canadian Journal
of Remote Sensing, Vol. 36, No. 4, pp. 412-435.

Harris, J.R., Rogge, D., Hitchcock., R., [jewliw, O. and
Wright, D., 2005, “Mapping, lithology in Canada’s
Arctic: application of hyperspectral data using the minimum
noise fraction transform and matched filtering,” Canadian
Journal of Earth Sciences, Vol. 42, No. 12, pp. 2173-2193.

Harsanyi, J.C. and Chang, C.I., 1994, “Hyperspectral image
classification and dimensionality reduction: An orthogonal
subspace projection approach,” |EEE Transactions on
Geostience and Remote Senging, Vol. 32, No. 4, pp. 779-785.

Hunt, G.R. and Salisbury, J.W., 1971, “Visible and near
infrared spectra of minerals and rocks: II. Carbonates,”
Modern Geology, Vol. 2, pp. 23-30.

Hyun, C.U. and Park, H.D., 2007, “Assessment technique
of deterioration of granite using reflectance spectroscopy,”
Journal of The Korean Society for Geosystem Engineering,
Vol. 44, No. 6, pp. 500-509.

Hyun, C.U. and Park, H.D., 2010, “Weathering degree
assessment of tuff stone monument using reflectance
spectroscopy,” Journal of The Korean Society for Geosystem
Engineering, Vol. 47, No. 4, pp. 515-529.

Jackson, R.D., Slater, P.N. and Pinter, P.J., 1983,
“Discrimination of growth and water stress in wheat by
various vegetation indices through clear and turbid atmo-
spheres,” Remote Sensing of the Environment, Vol. 15,
No. 3, pp. 187-208.

Kruse, F.A., Boardman, J.W. and Huntington, J.F., 2003,
“Comparison of airborne hyperspectral data and EO-1
Hyperion for mineral mapping,” |IEEE Transactions on
Geoscience and Remote Sensing, Vol. 41, No. 6, pp.
1388-1400.

&

= A A3 g 55

Lee, H.J., Kim, E.J. and Moon, D.H., 2011, “Identification
of advanced argillic-altered rocks of the Haenam area,
using by ASTER spectral analysis,” Economic and
Environmental Geology, Vol. 44, No. 6, pp. 463-474.

Lee, H.J., Kim, L.J., Chi, K.H., Kim, E.J. and Jang, D.H.,
2009, “Extraction model of non-metallic mine using
multi-spectral ASTER SWIR data,” Journal of the Korean
Geomorphological Association, Vol. 16, No. 3, pp. 77-86.

Noh, J.H. and Oh, S.J., 2005, “Hydrothermal alteration of
the Pungchon limestone and the formation of high-Ca
limestone,” Journal of the Geological Society of Korea,
Vol. 41, No. 2, pp. 175-197.

Pearlman, J.S., Barry, P.S., Segal, C.C., Shepanski, J.,
Beiso, D. and Carman, S.L., 2003, “Hyperion, a space-
based imaging spectrometer,” |EEE Transactions on
Geoscience and Remote Sensing, Vol. 41, No. 6, pp.
1160-1173.

Rowan, L.C., Simpson, C.J. and Mars, J.C., 2004,
“Hyperspectral analysis of the ultramafic complex and
adjacent lithologies at Mordor, NT, Australia,” Remote
Sensing of Environment, Vol. 91, No. 3-4, pp. 419-431.

Son, Y.S., Kang, M.K. and Yoon, W.J., 2011, “Study of
pyrophyllite deposit characteristics in Nohwa-do using
ASTER image,” Journal of The Korean Society for Geosystem
Engineering, Vol. 48, No. 3, pp. 335-350.

Tucker, C.J., 1979, “Red and photographic infrared linear
combinations for monitoring vegetation,” Remote Sensing
of the Environment, Vol. 8, No. 2, pp.127-150.

Vaughan, R.G., Hook. S.J., Calvin, W.M. and Taranik,
J.V., 2005, “Surface mineral mapping at Steamboat
Springs, Nevada, USA, with multi-wavelength thermal
infrared images,” Remote Sensing of Environment, Vol.
99, No. 1-2, pp. 140-158.

Xu, H., 2006, “Modification of normalised difference
water index (NDWI) to enhance open water features in
remotely sensed imagery,” International Journal of
Remote Sensing, Vol. 27, No. 14, pp. 3025-3033.

d =
2003 M gefstin A7 Al Au st
= 5 Fshat
At 2010 A&t o) | A 2q) et
Fsharat

—
a
&A Department of Earth and Atmospheric Sciences,

University of Alberta BIALS 724
(E-mail; hyuncu99@snu.ac.kr)

A4 At st oA A AREERR
: B

Als0d A1z



