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The Hyperspectral Imaging (HSI) technology is mainly used to investigate land coverage, mineral, forest,
vegetation, and so on. Recently, the HSI technology is recognized as one of the promising technique to assess
and monitor water quality in real-time. This study is designed to provide a review on HSI data processing
methods, hyper-spectral sensors, and applications of water quality hyper-spectral data. In order to understand
the status of hyper-spectral remote sensing technology and research development of water quality, we largely
discuss multi-spectral and hyper-spectral sensing, the type of hyper-spectral sensor, data processing technology,
research present condition on water quality items such as chlorophyll a, phytoplankton, total suspended solids,
total phosphorus, total nitrogen. However, the obtained data on water quality by HSI system is still shortage
to apply water pollutants monitoring. In addition, the HSI data of target water quality compounds dependent
on physiological step of inherent optical property and specific property of water quality is significantly requir-
ing. Although there are various obstacles on HSI technologies as useful method to assess water quality, the
advantages of HSI to investigate water pollutants around broad area and monitor point-sources have been rec-
ognized in positively. The HSI is based on technology that provides high resolution; higher accuracy; high sen-
sitivity compared the multi-spectral imaging. In this study, the applications of HSI sensors to water quality
monitoring and novel water management in environment, and the possibility to apply HSI technology for mon-
itoring water quality are investigated to researching related paper.
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CASI (Compact Airborne Spectrographic Imager)

Z7A9) AVIRIS (Airborne Visible Infrared Imaging
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4.1. MODIS (Moderate Resolution Imaging
Spectrometer)
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4.2. AVIRIS
Imaging Spectrometer)
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4.3. CASI (Compact Airborne Spectrographic
Imager)
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4.4. AISA (Airborne Imaging Spectrometer
for Applications)
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5.2. E% FZ(Feature extraction) & 2
24 (Spectral mixture analysis)

& ARE W= 437%] 7'43]'5‘}7] AshA Az
Egol= onR|gte}t &7 AFE Wdal gt owA|
B5 A4 T shde %%J F% (Feature
Extraction)o]th. £ BEdpor] Yk E4 A
E“]’O xzo].,_ 4.7&__; _,_uu 7Ho] .,__»]—HH\: = E?Q
of g MERS MulsiAY, B4 B8 HE S B
3 sk EA RS el wighE s E
dal= wi= A9 (band selection) Oé‘*o_il"%ﬂ o]
2710 AME 5 2 ARE FESe L &
A Me (feature selection)e] A3k}, W= A8 (band
selection) XFHX}9} entropy® WHEX|S4 (Band
Index)S 7-8}aL ©15 o]&3lo] Wi=E AMeshy 230 =
HAEEA (Independent Component Analysis), 57+
247132 (Spatial Autocorrelation)’? 502 o]Fojx|H,
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Similarity), SCS (Spectral Correlation Similarity),
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Angle Similarity), SSV (Spectral
Similarity Value), LSF (Least Squared Fitting),
CCSM  (Cross Matching),
Spectral angel mapper, Spectral feature fitting 52
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6.1.1. MODIS (Moderate Resolution Imaging
Spectrometer)
MODIS= 7] 523 gr, X34 ¥}, A5
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6.1.2. AVIRIS (Airborne Visible Infrared Imaging
Spectrometer)
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i FEda e AR ed S 343 AVIRIS
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6.1.3. CASI (Compact Airborne Spectrographic
Imager)
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6.1.4. AISA (Airborne Imaging Spectrometer for
Applications)

AISA EAGLE®] 73-¢- 400-970 nm IPgollA] 4887
o] wi= JAkS AF3IT) AISAS o83 A7 24
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Table 1. Number of hyperspectral remote sensing papers categorized by sensor, data processing, and applications in

Korea™7V
Category MODIS AVIRIS CASI AISA
Geology 31 - -
Vegetation 27 2 3 2
Urban 3 - 1 -
. Hydrology 22 - - 1
Application Atmosphere 109 - - -
Mix 2 -
Others 12 2 1 2
Total 216 4 5 5

* A 719= : MODIS, AVIRIS, CASI, AISA
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Table 2. Selected hyperspectral studies related to the water

Contents Study area Data used Methods References
Chlorophyll-a, USA, . . . .
turbidity, VSS, TSS Minnesota ASIA relationship with In-situ measurement 73)
Chlorophyll-a, USA, . .
TN, TP Florida ENVI 4.5 reflectance ratio and three-band index 74)
depth, France, Quiberon Hyspex .
CDOM, NAP Peninsula VNIR-1600 standard ML estimation method 72)
Chlorophyll-a, USA, . . . .
TSS, CDOM Chesapeake Bay ASIA relationship with In-situ measurement 75)
Chlorophyll-a, Indiana, Field . .. .
phycocyanin Indianapolis spectrometer semi-empirical algorithm 76)
Chlorophyll-a, .
turbidity, CDOM USA, Florida HICO MERIS three-band model 77)
Chlorophyll-a China, Shanghai HJ-1A reflectance of visible & NIR 78)
Chlorophyll-a, . L
TSM, TP China HJ-1A NTD 675 water classification method 79)
. ROSIS, Spectral matching with field
Chlorophyll-a German, Berlin HyMAP meastrements 80)
phytoplgnkton Canada ov bio-optical model 81)
species spectrometer
classification of green,
red, brown macroalgae Baltic Sea GER1§00 bio-optical model 82)
spectroradiometer
and sand
Cyanobacteria, UK, Loch Leven ASIA, . . .
Microcystin lake CASL2 G05, GO8 semi-analytical algorithms 83)
Cyanobacteria Baltic Sea  Field spectrometer Optical model 84)
. Zimbabwe, MERIS . . .
water quality Chivero lake spectrometer relationship with water constituents 85)
Chlorophyll-a, USA, Morse ASIA GA-PLS model 86)

phycocyanin, TSM, SDD Reservoir
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6.2.3. %=, TSS (Total Suspended Solids)

PREde AEFAN g E3) wHE 099
Aolch, HHEAL AR] 2HERe) 7h] 8 249

A ot vesle] AFFoIAe] BAEEE F7b
2tk gsh TSS $4E 918 Bde A4 st
el 2229 ash 34 spgrielrle] CDOMS] &5
5242 T8l 700 nme] AT A 23 9]4ls =4
gl Wi=e] Z29s o]8sfofF gt} Olmanson
et al. (2013)= TSSS} 705 nmol|A 2] Egubalghe A
ol Y-S HAFUL, o] Ao ARSgE Rl
229 a9l F554E AQlStal 700 nmellAe] F-F
B9 FFEAS o]&3Ith® T3 NVSS Non
Volatile Suspended Solids)?] 73-%-ol= 705 nme] HF
ARgFolu 705 nm : 670 nm W= H|E& 33 gt
A =55 BT Keith ef al. 2014)= HICO
(Hyperspectral Imager for the Coastal Ocean) ©]v]
A olX 646 nme] FEFWAIGLS o] &SI TE?




6.2.4. CDOM

CDOM2 = Aje)Mdolu} 7hA]F godolla Ye &
Fatarl Wel 7ha 2 ER ] FAS Alojsh=d F
83 93g stk CDOMe] ¢ F=229 as} H-f
Edo| WelEdE 283 3 vl 92 71A]
7] wiizell HA spgolelM e F5458E ARSI %
=tk gial A spgoiel A4 s (>500 nm)ol| A
o] AR H|&E o83t FAgh Fan (2014w
700 nm2} 450 nme] H53 WRARGe] BlES ©]&-31%
37 Keith et al. (2014y= HICO ©]u]A]o|4 670 nm
9} 490 nme] £33 ukAlgke] v o]&s ATk

625. %9 (T-P) @ $42 (T-N)

2 B THLE FANA FPgste] Fas €l
olxtolt), 91, FAAE S22 a, TSS, 222 F
Wl e o FERIAEH BHS el 7]
wjitol] 2 JIAFEE o83 7HE AR FAWES °o&
3}, Abd-Elrahman ef al. (2011)= S22 aZ o]
|ate] T 9 THLY FEE FHEAUCL Egh
700nm ¥ 680nm & WIEH|ES o] &S Uy
700 nm, 680nm, 690nm <] Al 7| ¥WH=H]ES o]&
gt BdS H|wsle] Bdlo] AIRE Hrlslr|® 3k
o 2 Az Al Afe] WERES AREEINS S 7}
2 2 AHAAE 2ol Yk Sun e d. (2014)=

Q9] FEES ST FuFS PREL] WAH
2EY 9ol 2ANNY 24 g olgad

QA AES AgaluA she e Ao w9
o] H7, TAET} 28 Bopot), A, - BUE
o} alZe 918 52 3 2
2o B3, so |
2t Que) Zgolele] WA, 22]w ANE BEF
927 wUEE Eolol gt 7w 1% e e
sog 439 Eokol A& Alle Wl uF
AHolcy. et & o) & 54 24 A=r)
A shale) £AL tEse AoR 9ARE R o)
2A4, ohd ks k2 A4 gigk A

Hy
P2 B 0 o5 dskel gpARlont e

K
fof
D
i
=
ox
o
to
jsl°
wo o
M
9
= |z
e

F

naN
)

e

rot

of

290] 2 g40] Bt AT 121
AT RGN 5 BET AW /PES olgF W
welel B g AA =9 8P 3 o=
S - 9] Bl ATE FAF Y Ao U
A QPR SRRl Ak 25 247
RE AAH xR Wl A% /1% 5 Fe

12
4
—_N‘-“,
=2
R

Aoz PAslole PEW Agon
o

P w2 W) FEAQ €9 BAS 95
9919 29457t Basel 97 BUHIL =95
4 478 AW Yom, ole I AL =
3 QHe B8 4 Aukow Age] A 4
Foz NG FAYFY) 5o BAlslel 47 AY
A8E BEIIA RS S U Zow deiA 9
o E, 2R Fol UE 2% 54 TReel 2
olnelzs PHamA ArE AYsha Yor, 7
¥ ¥4 olnegt g% @9 £4 AR BA
shodl 288 £ 9L gow Aad %

o
Y
o

T
-
N
E
o
e
&
0
o
N,
rie
QL
X
2
>

HNHoE, BYE 2ol BULS e /1%
BA BAIRAY T8y gr1RA 5ol

8 Bal A4 BASIA sHe thAllA Bapse
NIAF PRE sefslelol duh. 22y AZT
We FA0 Ag] e Ast pe
W 52 nesjolok shlAW, $A9] A4
3L 1

i)
>~
0
3

-r
i
M

al

X

il

o
W
=%
to
2
o
fru
lo
>,
2
i)
£
RS

PRI )
o oo
-5

o=

7.4 B
B pol 22990 o), TErad el
o), BN BF, 2GR A1y



122 wAy - AR - A
4g 0188 ATE B, A, Y, 297 Y
ofe] olelH AmEHont thitite A7 st
N} e ANAR Qo] A9A gk AT
2 e e o] F7kshAN A mUE S 2
BRI BEE AAYA UF A7E HBG
FAML wEAT oo, BE OErgdte 989
o Fz Sadolgd Fzed avwd 42 5
Tl 5 g2l v ATk 2R TEE B
§3to] P Yo F 5 Utk 2EFIYES B
88 5a BAe) ARe Age vEy de &
4 ARE 98+ Qov, 270 £Eede 1A
G 5 o), AN ARG FEES FHI= ]

AgolE AeH dAle] e 357491
(Inherent Optical Property)2} SIOP (Specific
I0P)?] djolEjH]o] 23l BE57] wjiel] 3o 3
742Q) A7} o] ol Aok & Ao eItk Ed &

M@ s md el ofg, 2 F7e) fALR
Y54, B2 WE WE B ZEFWAZE 7T 9

vy AR B8 5 de 2 997t 9L & 9
o #Hs A sHe B0 ek 2HEY goluele]
o HREsh PIws} HohAkA ZHYAAE o)§
3 gYe £UoPS FUT 5 JE BAL U

L sloly, A, oWE, UeY, wER, Eu 2
719 HIA A R B, ST IS
21, 2010, 13(2), 328-335.

10.

11.

12.

. AFEsL A 9 Simplex 718F] Isomape I3

Hewia 327, I FFAFEF, 2013, 2965),
509-516.
.ol Ak, 7149 HAY, “AISA ZEF Gl

i3t Endmember 5% da2lEe] H8A 47, of
SrHZERIEIS]R], 2013, 29(5), 527-535.

. J. McNeely, and G. Geiger, “K-Means Based Spatial

Aggregation for Hyperspectral Compression”, In Data
Compression Conference (DCC), 2014, 416.

. M. Imani, and H. Ghassemian, “Feature extraction

using partitioning of feature space for hyperspectral
images classification”, In Intelligent Systems (ICIS),
2014, 1-5.

. K. E. Themelis, A. A. Rontogiannis, and K. D.

Koutroumbas, “Semisupervised hyperspectral image
unmixing using a variational Bayes algorithm”, a»Xiv
preprint arXiv, 2014, 1406, 4705.

R. Wright, P. Lucey, S. Crites, K. Horton, M. Wood,
and H. Garbeil, “BBM/EM design of the thermal
hyperspectral imager: An instrument for remote sens-
ing of earth's surface, atmosphere and ocean, from a
microsatellite platform”, Acta Astronautica, 2013, 87,
182-192.

. G. ]. Bellante, S. L. Powell, R. L. Lawrence, K. S.

Repasky, and T. A. O. Dougher, “Aerial detection of a
simulated CO2 leak from a geologic sequestration site
using hyperspectral imagery”, International Journal of
Greenhouse Gas Control, 2013, 13, 124-137.

. C. Jing, Y. Bokun, W. Runsheng, T. Feng, Z. Yingjun, L.

Dechang, and W. Wei, “Regional-scale mineral map-
ping using ASTER VNIR/SWIR data and validation of
reflectance and mineral map products using airborne
hyperspectral CASI/SASI data”, International Journal
of Applied Earth Observation and Geoinformation,
2014, 33, 127-141.

M. Haest, T. Cudahy, A. Rodger, C. Laukamp, E. Mar-
tens, and M. Caccetta, “Unmixing the effects of veg-
etation in airborne hyperspectral mineral maps over
the Rocklea Dome iron-rich palaeochannel system
(Western Australia)”, Remote Sensing of Envivonment,
2013, 129, 17-31.

G. R. Kodikara, T. Woldai, FE ]J. van Ruitenbeek, Z.
Kuria, E van der Meer, K. D. Shepherd, and G. J. van
Hummel, “Hyperspectral remote sensing of evapo-
rate minerals and associated sediments in Lake Mag-
adi area, Kenya”, International Journal of Applied
Earth Observation and Geoinformation, 2012, 14(1),
22-32.

A. Lausch, M. Heurich, D. Gordalla, H. J. Dobner, S.
Gwillym-Margianto, and C. Salbach, “Forecasting



13.

14.

15.

16.

17.

18.

19.
20.
21.

22.

23.

24.

FEPIAE o183

potential bark beetle outbreaks based on spruce forest
vitality using hyperspectral remote-sensing tech-
niques at different scales”, Forest Ecology and Man-
agement, 2013, 308, 76-89.

J. Behmann, J. Steinriicken, and L. Pliimer, “Detection
of early plant stress responses in hyperspectral
images”, ISPRS Journal of Photogrammetry and
Remote Sensing, 2014, 93, 98-111.

G. Lu, and B. Fei, “Medical hyperspectral imaging: a
review”, Journal of biomedical optics, 2014, 19(1), 1-
23.

M. Govender, K. Chetty, and H. Bulcock, “A review of
hyperspectral remote sensing and its application in
vegetation and water resource studies”, Water Sa,
2007, 33(2), 145-151.

J. Qin, K. Chao, M. S. Kim, R. Lu, and T. E Burks,
“Hyperspectral and multispectral imaging for evalu-
ating food safety and quality”, Journal of Food Engi-
neering, 2013, 118(2), 157-171.

K. S. Lee, W. B. Cohen, R. E. Kennedy, T. X. Maier-
sperger, and S. T. Gower, “Hyperspectral versus mul-
tispectral data for estimating leaf area index in four
different biomes”, Remote Sensing of Environment,
2004, 91(3), 508-520.

B. Lubac, H. Loisel, N. Guiselin, R. Astoreca, L.
Felipe Artigas, and X. Mériaux, “Hyperspectral and
multispectral ocean color inversions to detect Phae-
ocystis globosa blooms in coastal waters”, Journal of
Geophysical Research: Oceans (1978-2012), 2008, 113.
MODIS, http:/modis.gsfc.nasa.gov, August 2014.
AVIRIS, http://aviris.jpl.nasa.gov, August 2014.

M. Borengasser, W. S. Hungate, and R. Watkins,
“Hyperspectral remote sensing: principles and appli-
cations”. 2010, 1-119, Crc Publishing, USA.

S. Kaewpijit, J. Le Moigne, and T. El-Ghazawi, “Auto-
matic reduction of hyperspectral imagery using wave-
let spectral analysis”, Geoscience and Remote Sensing,
IEEE Transactions on, 2003, 41(4), 863-871.

E Van Der Meer and V. Kato, “Developing a schematic
petrogenetic transect for a contact aureole using field
spectrometry; a case study in Los Santos, Salamanca
Province, central-western Spain”, Infernational Jour-
nal of Remote Sensing, 2002, 23(23), 5087-5094.

P J. Zarco-Tejada, J. R. Miller, T. L. Noland, G. H.
Mohammed, and P H. Sampson, “Scaling-up and
model inversion methods with narrowband optical
indices for chlorophyll content estimation in closed
forest canopies with hyperspectral data”, Geoscience
and Remote Sensing, IEEE Transactions on, 2001,
39(7), 1491-1507.

PN
T4

A

25.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

o]

2870l B3 AT 123

i

B. Aiazzi, L. Alparone, and S. Baronti, “Near-lossless
image compression by relaxation-labelled prediction”,
Signal Processing, 2002, 82(11), 1619-1631.

. P J. Curran and J. L. Dungan, “Estimation of signal-to-

noise: a new procedure applied to AVIRIS data”, Geo-
science and Remote Sensing, IEEE Transactions on,
1989, 27(5), 620-628.

AAds}, o, mEE, =W, AAGAR
=, Ay 2 B8 AN, JRAFEAILT,
2005, 21(4), 341-369.

A. Berk, L. S. Bernstein, G. P Anderson, P K.
Acharya, D. C. Robertson, J. H. Chetwynd, and S. M.
Adler-Golden, “MODTRAN cloud and multiple scat-
tering upgrades with application to AVIRIS”, Remote
Sensing of Environment, 1998, 65(3), 367-375.

M. Herold, D. A. Roberts, M. E. Gardner, and P. E.
Dennison, “Spectrometry for urban area remote sens-
ing-Development and analysis of a spectral library
from 350 to 2400 nm”, Remote Sensing of Environ-
ment, 2004, 91(3), 304-319.

X. Jiang, L. Tang, C. Wang, and C. Wang, “Spectral
characteristics and feature selection of hyperspectral
remote sensing data”, International Journal of Remote
Sensing, 2004, 25(1), 51-59.

T. A. Warner, K. Steinmaus, and H. Foote, “An eval-
uation of spatial autocorrelation feature selection”,
International Journal of Remote Sensing, 1999, 20(8),
1601-1616.

J. A. Benediktsson, J. R. Sveinsson, and K. Amason,
“Classification and feature extraction of AVIRIS data”,
Geoscience and Remote Sensing, IEEE Transactions on,
1995, 33(5), 1194-1205.

P. Launeau, ]J. Girardeau, C. Sotin, and J. M. Tubia,
“Comparison between field measurements and air-
borne visible and infrared mapping spectrometry
(AVIRIS and HyMap) of the Ronda peridotite massif
(south-west Spain)”, International Journal of Remote
Sensing, 2004, 25(14), 2773-2792.

M. Keshava and J. E Mustard, “Spectral unmixing”,
Signal Processing Magazine, IEEE, 2002, 19(1), 44-
57.

A. A. Green, M. Berman, P. Switzer, and M. D. Craig,
“A transformation for ordering multispectral data in
terms of image quality with implications for noise
removal”’, Geoscience and Remote Sensing, IEEE
Transactions on, 1988, 26(1), 65-74.

C. I. Chang and Q. Du, “Interference and noise-
adjusted principal components analysis”, Geoscience
and Remote Sensing, IEEE Transactions on, 1999,
37(5), 2387-2396.

=]
R



124

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

uked

o

D. Lu, P Mausel, E. Brondizio, and E. Moran,
“Change detection techniques”, Infernational journal
of remote sensing, 2004, 25(12), 2365-2401.

A. P. Williams and E. R. Hunt, “Estimation of leafy
spurge cover from hyperspectral imagery using mix-
ture tuned matched filtering” Remote Sensing of Envi-
ronment, 2002, 82(2), 446-456.

M. Ichino and J. Sklansky, “Optimum feature selection
by zero-one integer programming”, IEEE transactions
on systems, man, and cybernetics, 1984, 14(5), 737-
746.

B. E. Hubbard, J. K. Crowley, and D. R. Zimbelman,
“Comparative alteration mineral mapping using vis-
ible to shortwave infrared (0.4-2.4 um) Hyperion, ALI,
and ASTER imagery”, Geoscience and Remote Sensing,
IEEE Transactions on, 2003, 41(6), 1401-1410.

B. C. Gao and A. E Goetzt, “Retrieval of equivalent
water thickness and information related to biochem-
ical components of vegetation canopies from AVIRIS
data”, Remote sensing of environment, 1995, 52(3),
155-162.

S. H. Kim, C. S. Yang, and K. Ouchi, “Validation of the
semi-analytical algorithm for estimating vertical
underwater visibility usiung MODIS data in the
waters around Korea”, Korean Journal of Remote Sens-
ing, 2013, 29(6), 601-610.

AR, M7, 88, §71&, “MODIS Level 2
Data & ©]&3F Cochlodinium Polykrikoides &%
©x)7, st gE=E, 2007, 27(4D), 535-540.
ATg, s, &23}, Aols, “Terra/MODIS Aks

£ &3 dFHE= AE, 017, 2002, 12(),
173-176.
027, 283 s

e, o A4 AEE
(SST) 4719 N 3
2011, 17(3), 197-202.
A4, Age], “2 oA ZEy 7 2 91 g9
gl st A7, ISR ERIEISIR], 2008, 24(4),
325-331.

259, $%5F, “MODISAQUA & o|&3
A,
309-312.
Hed, oA, oA, “asld=
J57d fe E229 a v
317/ 2011, 27(5), 613-623.
A4S, A3lE, B 944e o83 FuolxTE
FRYsY BB, §keEF %/, 2009,
15(4), 283-288.

olfsE, ol4d, sl dARALE o83 HRA
X BRUHEY". g3/l gH 5%, 2012, 15(3),

137-147.

Az

oSN GE] s F], 2012, 6(2),

- 4BA - 7

J .
el

~

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65

IE, RS, &9, 59, A, I, 3%
&, “MODIS & o]&g & 3k Fall Ay il
9 i T PN e T FE daels N
A7, jer ZHEAfEE]R], 2011, 27(2), 107-120.
AEH, “Landsat TM & MODIS %34S 0]83F A)
Tl 25 Wst ©9X)7, #7935, 2011,
20(2), 199-205.

M, AE7], oW, eld, SAlE, ol8s), 23
&, “MODIS 3l 914
turbid water ¢ W§ REUEH”, =738 &
FolagHE 2 9FF, 2002, 156-157.

oA, MPY, AGH, LA 3 T
3 AFY FRAle] AR SRR BAY, ]
2 83]%], 2003, 6(3), 151-161.

M. S. Wong, S. H. L Kwan, ]J. K. Young, J. Nichol, L.
Zhangging, and N. Emerson, “Modelling of Suspendid
Solids and Sea Surface Salinity in Hong Kong using
Aqua/MODIS Satellite Images”, Korean Journal of
Remote Sensing, 2007, 23(3), 161-169.

A5, “MODIS| I3 S5Fale] fedn /)
W7, Bk =F, 2009, 15.

S. Oh and H. J. Yoon, “A Comparative Study for Red
Tide Detection Methods Using GOCI and MODIS”,
Korean Journal of Remote Sensing, 2013, 29(3). 331-
335.

=9, {579, =AlE, PAE, AdE, 8l T
oM fHeE FHE BEST 9 FEEF I

7] W3}, Ocean and Polar Research, 2012,
34(2), 201-218.
A4, <AF vivel wE siddEe] Wil #E o

T, BR{ggsky E=EE, 2010, 16.

gL, 22F JIAEY Endmember 55 &=
el B AT 2% 995l Endmember
5 S% Yol B AT, JEUTBAII,
2012, 28(4), 347-355.

oY, “HAEAS f1F 39 % (Hyperspectral
Image) S8RV, =g 1el¢ 7= 7,
2008, 6.

B, QAER} ARE olgd delol sk 4
SF=rx] I X2 5151 %], 2006, 12(4), 496-
507.

H. J. Hoogenboom, A. G. Dekker, and 1. A. Althuis,
“Simulation of AVIRIS sensitivity for detecting chlo-
rophyll over coastal and inland waters”, Remote Sens-
ing of Environment, 1998, 65(3), 333-340.

J. E Mustard, “Relationships of soil, grass, and bed-
rock over the Kaweah Serpentinite Melange through
spectral mixture analysis of AVIRIS data”, Remote
Sensing of Environment, 2008, 44(2), 293-308.

K. L. Carder, P Reinersman, R. E Chen, F Muller-



66.

67.

68.

69.

70.

71.
72.

73.

74.

75.

76.

77.

;

FPAE 0183

Karger, C. O. Davis, and M. Hamilton, “AVIRIS cal-
ibration and application in coastal oceanic environ-
ments”, Remote Sensing of Environment, 1993, 44(2),
205-216.
S, g3 22F AMe A 2 F A8k
o TS| AESIFAL”, HEHEREES, 2013, 61(4),
103-108.
=97, olitd, “BETE
O
30(1), 25-36.
A, A, 484, 2 i 3800 oA
T 2RYGYe) 7MY 1B, RN,
2014, 30(1), 61-73.
W7, 189, BEY, FAL, SIFT 71§L 1§63
AISA Eagle Z%34lA 9] BAo]A9%4 A4 SIFT
78S o83t AISA Eagle ZEgAIA el Exjo|aY
& A7, 2013, F=289917, 31(2). 165-172.
St W S8E A Y, http:/www.riss.kr/imdex/do,
20144 8€.
=28l 1 httpy/kiss.kstudy.com, 2014 8¥.
S. Jay, and M. Guillaume, “A novel maximum like-
lihood based method for mapping depth and water
quality from hyperspectral remote-sensing data”,
Remote Sensing of Environment, 2014, 147, 121-132.
L. G. Olmanson, P. L. Brezonik, and M. E. Bauer, “Air-
borne hyperspectral remote sensing to assess spatial
distribution of water quality characteristics in large
rivers: The Mississippi River and its tributaries in
Minnesota”, Remote Sensing of Environment, 2013,
130, 254-265.
A. Abd-Elrahman, M. Croxton, R. Pande-Chettri, G. S.
Toor, S. Smith, and J. Hill, “In situ estimation of water
quality parameters in freshwater aquaculture ponds
using hyperspectral imaging system”, ISPRS Journal
of Photogrammetry and Remote Sensing, 2011, 66(4),
463-472.
C. Fan, “Spectral analysis of water reflectance for
hyperpsectral remote sensing of water quality in
Estuarine water”, Journal of Geoscience and Envi-
ronment Protection, 2014, 2, 19-27.
K. Randolph, J. Wilson, L. Tedesco, L. Li, D. Pascual,
and E. Soyeux, “Hyperspectral remote sensing of
cyanobacteria in turbid productive water using opti-
cally active pigments, chlorophyll a and phycocyanin”,
Remote Sensing of Environment, 2008, 112(11), 4009-
4019.
D.]. Keith, B. A. Schaeffer, R. S. Lunetta, R. W. Gould
Jr, K. Rocha, and D. J. Cobb, “Remote sensing of
selected water-quality indicators with the hyperspec-
tral imager for the coastal ocean (HICO) sensor”,

SR

PN
]

A

79.

80.

81.

82.

83.

84.

85.

86.

87.

o AT 125

i

International Journal of Remote Sensing, 2014, 35(9),
2927-2962.

. L. Zhou, D. A. Roberts, W. Ma, H. Zhang, and L. Tang,

“Estimation of higher chlorophylla concentrations
using field spectral measurement and HJ-1A hyper-
spectral satellite data in Dianshan Lake, China”,
ISPRS Journal of Photogrammetry and Remote Sensing,
2014, 88, 41-47.
D. Sun, Z. Qiu, Y. Li, K. Shi, and S. Gong, “Detection
of Total Phosphorus Concentrations of Turbid Inland
Waters Using a Remote Sensing Method”, Water, Air,
& Soil Pollution, 2014, 225(5), 1-17.
R. M. Igamberdiev, G. Grenzdoerffer, R. Bill, H. Schu-
bert, M. Bachmann, and B. Lennartz, “Determination
of chlorophyll content of small water bodies (kettle
holes) using hyperspectral airborne data”, Interna-
tional Journal of Applied Earth Observation and Geoin-
Sformation, 2011, 13(6), 912-921.
Z. Mao, V. Stuart, D. Pan, J. Chen, E Gong, H. Huang,
and Q. Zhu, “Effects of phytoplankton species com-
position on absorption spectra and modeled hyper-
spectral reflectance”, Ecological Informatics, 2010,
5(5), 359-366.
E. Vahtmie, T. Kutser, G. Martin, and J. Kotta, “Fea-
sibility of hyperspectral remote sensing for mapping
benthic macroalgal cover in turhid coastal waters—a
Baltic Sea case study”, Remote Sensing of Environ-
ment, 2006, 101(3), 342-351.
P. D. Hunter, A. N. Tyler, L. Carvalho, G. A. Codd, and
S. C. Maberly, “Hyperspectral remote sensing of
cyanobacterial pigments as indicators for cell popu-
lations and toxins in eutrophic lakes”, Remote Sensing
of Environment, 2010, 114(11), 2705-2718.
T. Kutser, L. Metsamaa, and A. G. Dekker, “Influence
of the vertical distribution of cyanobacteria in the
water column on the remote sensing signal. Estu-
arine”, Coastal and Shelf Science, 2008, 78(4), 649-
654.
M. Chawira, T. Dube, and W. Gumindoga, “Remote
sensing based water quality monitoring in Chivero
and Manyame lakes of Zimbabwe”, Physics and Chem-
istry of the Earth, Parts A/B/C, 2013, 66, 38-44.
K. Song, L. Li, L. P. Tedesco, S. Li, N. A. Clercin, B.
E. Hall, and K. Shi, “Hyperspectral determination of
eutrophication for a water supply source via genetic
algorithm—partial least squares (GA-PLS) modeling”,
Science of the Total Environment, 2012, 426, 220-232.
ol8)%, WAy, WaA, WA, FRPYY WYL
B9 HESYAE WIHY /M A7, JIEEE
/5], 2014, 357.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


