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Current Status of Hyperspectral Data Processing
Techniques for Monitoring Coastal Waters
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ABSTRACT

In this study, we introduce various hyperspectral data processing techniques for the
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monitoring of shallow and coastal waters to enlarge the application range and to improve
the accuracy of the end results in Korea. Unlike land, more accurate atmospheric
correction is needed in coastal region showing relatively low reflectance in visible
wavelengths. Sun—glint which occurs due to a geometry of sun—sea surface—sensor is
another issue for the data processing in the ocean application of hyperspectal imagery.
After the preprocessing of the hyperspectral data, a semi—analytical algorithm based on a
radiative transfer model and a spectral library can be used for bathymetry mapping in
coastal area, type classification and status monitoring of benthos or substrate
classification. In general, semi—analytical algorithms using spectral information obtained
from hyperspectral imagey shows higher accuracy than an empirical method using
multispectral data. The water depth and quality are constraint factors in the ocean
application of optical data. Although a radiative transfer model suggests the theoretical
limit of about 25m in depth for bathymetry and bottom classification, hyperspectral data
have been used practically at depths of up to 10 m in shallow and coastal waters. It
means we have to focus on the maximum depth of water and water quality conditions
that affect the coastal applicability of hyperspectral data, and to define the spectral
library of coastal waters to classify the types of benthos and substrates.

KEYWORDS - Hyperspectral Image, Coastal Waters, Atmospheric Correction, Sun-Glint,
Water Depth, Benthos Classification
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TABLE 1. Selected studies related to sun—glint correction algorithms of hyperspectral data

References Assumptions Algorithms Advantages / Disadvantages
— The reflectance in
NIR band gfter R,(VIS) = R(VIS) = b(\) R, (VIS) — Advantages
atmospheric (Eq. 4) ‘the first algorithm for high spatial
correction is derived b(x) = R(NIR)— R, (NIR) .resolution %ata gn sp
Hochberg from sea surface R, (NIR)— Ry ;(NIR) .
— Disadvantages
et a/.(2003) — The amount of sun (Ea. 5) ‘It is sensitive to outlier pixels
glint in NIR band is ~ &,(VIS) = &, ,(VIS)— k. (vis) (Eq. 6) P
! 9 i o o ‘It must be masked cloud and
proportional to the  i,j : location of the brightest pixel in NIR land area
amount of sun glint  i',j":location of the darkest pixel in NIR
in VIS band
— Advantages
‘It is less sensitive to outlier pixels
R (VIS) = R(VIS) by selecting the region
Hedley Assumptions of —ulv)ij[R(NIR)— fop (NTR)] -Masking lands or clouds are not
Hochberg et al. necessary
et al.(2005) (2003) (Eq. 7) _ Disadvant
b(A): the regression slope isadvantages
:Over correction
:The result differs with selection of
different sample area
— Advantages
. :Masking lands or clouds are not
— Assumptions of Rl VIS) = R(VIS)—
Hochberg et al. by RONIR) = R,y (N IR)) necessary .
Lyzenga ’ X It is less sensitive to outlier pixels
(2003) (Eqa. 8) ) X
et al.(2006) : . by selecting mean value in NIR
— No signal from area _ Cov(i,j)

of deep water

Kl Var (j)

(Eq. 9) — Disadvantages
:The result differs with selection of
different sample area
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TABLE 1. Continued

References Assumptions Algorithms Advantages / Disadvantages
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et a.(2009) P 9 D,y = D/ D, (Eq. 13) — Disadvantages

absorption depth
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(Eq. 14)
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:Sun glint effect is not corrected
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left after the correction
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Optimization Process
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& AAAE ddem FIIAR1 A4 AEY
2Uy o] 7kset, ANET717F 11 A Ak
% @M (bleaching) #d7 & @7 ] }Oﬂ Ll

ol ofl

r

AR A AR ol ANl A% A%H
0] TPsd 237 G 2R ur

Atk (Kutser et al, 2003; Fearns et al.,
2011). 2Tgdido] EAR = &857] A,
‘3H°k%§}%°]t°ﬂ/‘1% kst AM a9 A

ol gjsl] @A EFAFEHES A3
]e el YR 5 9 FAEE AT
7} s A=t (Martorena et al,
1994; Mazel, 1995; Holden and LeDrew,
1999; Clark et al, 2000; Hochberg et al,
2003). o] A& flal +FHew HRE F
U 7 Tu= JYstar, 7]Eel EEstelA
e thekst ARl AgE o
z} T & 9 YA H A (peak)
5 (Holden and LeDrew,

Hochberg and Atkinson, 2000;

Hochberg et al, 2003; Kutser et al,
2003). oAl T5¥ AA AE 9 sAEe
THEle| v Al ZREYde] g5 ¥
% B5 Sd(endmember) o] & EFAlD
oz AREtH(Kutser ef al, 2006; Fearns
et al, 2011; Vahtmie and Kutser, 2013;
Leiper et al, 2014). o]u] HydroLight®} &
= AR R o] Qlesto] o x4
olvf BAAYEE SdEstol FduTIv Sl
A E = srrdelM e whakEgie s HeE
o} o] WRAREgES o] EYE 2idAE e
=g ME HEE w8 A sEEE %%%E‘r.
|9b= Eel, 2gdd AA
1530 AbEshe WS FHP= 0}913}
(Theriault et al, 2006; Gagnon et al,
2008; Vahtmide and Kutser, 2013). 5 %4
o] mli ATellA ANt AdE A obu A
o] o}A7}A] o] "WHo| ] 43K A A
A Fope Ao, & 20049 3ol 3 2t
o]H &g 71“*-‘:*%‘%@.% ol ARGkl Qi

CEPERERREEE
AelA *sza FAAAEYT Bgeiolny
& 7 HEAFERS n—A e WE
= ggstn % uEe) s AL F 54
OAXHT Bow ) HyPrwHEg] RE
TwCo®E Aesh= Spectral Angle Mapper
(SAM) 5 7ol 7P ol ARgska Qi
ol:= SAMZIMe] BF &5 ZI¥el vls] 5 4
SEE Holu 3, AHeR W x|
P & etk Aol tt(Joyce, 2005;
Vahtmie and Kutser, 2013; Leiper et al,
2014; Kim et al, 2013a). Z%394L o]
S w7 Al P2 Aok 2H0R, 2R T
a, v Al AR F e B MRl TR
a5 B Agwe & 9%s 74
(Hochberg et al, 2003; Kutser et al,
2003; Leiper et al, 2014). webr 7] A}
oA Bt A 7 Y AT HY
HAIF(Fearns et al, 2011; Leiper et al,
2014), &7 swel wekst s wE A4
AEd fiAHEe] F75 v et Kutser

o
2
X
Me
:1ru
ol
ELJ

[

S~

¢
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et al, 2006; Vahtmie and Kutser, 2013). o2 At 4 26m7HA 77 7 A
teFet el o 25 Sl HARIERE o% RO (Kutser er al, 2006),

W BgetelBneeE olde R ATelA= Al 7] gqA 2234 CASI-25 01%

TABLE 2. Selected studies related to classify benthos and substrate type by using
hyperspectral data

References Study area Classes Dataset Classification Classificati—on Considering water
method accuracy depth
Total 38

classes Hyperion radiance

Great Barrier Defined classes

Kutser ef al. Reef(GBR)., (9 benthos and radiances SAM _ with 1m interval
(2006) . types and modeled from
Australia : ) from 0 to 25m
various water spectral library
depth)
) MNF dat.a of Deleted the effect
Mishra ef a/. Roatan Island Nine classes of atmospheric and of water depth b
(2007) ' Honduras " coral reef and water column ISODATA 83.61% water colli)mn y
benthic habits corrected AISA .
correction
reflectance
Atmospheric corrected  Supervised Considering
Phinn et al. Eastern Eight Seagrass CASI-2 reflectance, classification — 46% overall seagrass with
(2008) Australia species (Quickbird—2, with accuracy  water depth less
Landsat—5) photo—analysis than 3m
Three Atmospheric corrected
end—member  HyMap reflectance Sand 52%, Bathymetr
Fearns et al. Western (sand, sea Spectral library ) .. seagrass 48%, y , y
) Linear unmixing mapping
(2011) Australia grass, brown generated by brown algae
. ‘ (+0.2m)
algae) and inversion of 88%
four mixture HydroLight model
CASI
radiance ahd CAS
atmospheric )
Five mixtures reflectance Image-based Considering water
Vahtmae and Haapsalu Bay, X i 77.5% 9
. of sediment (WorldView) SAM depth less than
Kutser(2013) Baltic Sea . CASI spectral
and algae Spectral library . 2m
enerated b library based
generated by 70.8%
inversion of
HydroLight model
Bathymetry
mapping with 1Tm
Atmospheric corrected interval from 0.5
CASI-2 reflectance 65% overall to 10m and

Great Barrier

Leiper et al. Reef(GBR). 10 benthos Spectral library SAM accuracy to a generatl|on of
(2014) : and substrates generated by depth of less spectral library by
Australia . ) .
inversion of than 8m averaging of
HydroLight model reflectance at

various water
depths
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& A= AR sl A 4 8m
ojye] EF7F ThFed Aoz AXEHAT
(Leiper et al, 2014). AA <AgkA|¥L 3m
ot EHEEE Algh A7 At AH(Phinn
et al, 2008; Vahtmide and Kutser, 2013).
ole} o], Ao EFANE =] 2lsiA
= “JVWIM2 A F A9 4 £
shet 2228147 AL 2R 0] FEHA
A Juﬁf* HA o &7 ow, i, @A

7 bsd el Aol Agsttt.

i
2
S
oL

AArESL dAlste] B gl i Bl AA
AEL ol AR TEy ofX kA

A AAHoR hek Bl AgH7) olele

Agoln, BapgmE] Qeslor she 87

Ans} Bk w7k AR e A%

A2 g9 Bew gud Yeysel of
%

A7 AAEA K

B ZRYPI AGH BEE S8 47
o% A oIy %L Pt myel 53
Hojo} @k olF AL YY) B
A ZASATR B T FETRE A
29 f50) WAolth, wA AW 4 F
e e Agnduc 2ol mae ¥
gat Zo] £om, o2 SHE £F kg
#el i gt Aok ol A =
W QAerelel ek +3% Rgeeluejee] T
Zol Aahtt o] ARt WrIny F AFA

BE L HAW

‘:"_"‘
B2R2T ALE 4 9lom AA
9]

2
B o5 A 2 BFel T8% AR

711349 Xl J(~r f?H"J(‘HC’JOﬂE) Al

Ga $3EE BYRIAL L8 A3
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