Extraction of Water Depth in Coastal Area Using EO-1 Hyperion Imagery
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ABSTRACT

With rapid development of science and technology and recent widening of mankind’s range of activities, development of coastal waters
and the environment have emerged as global issues. In relation to this, to allow more extensive analyses, the use of satellite images has been
on the increase. This study aims at utilizing hyperspectral satellite images in determining the depth of coastal waters more efficiently. For this
purpose, a partial image of the research subject was first extracted from an EO-1 Hyperion satellite image, and atmospheric and geometric
corrections were made. Minimum noise fraction (MNF) transformation was then performed to compress the bands, and the band most suitable
for analyzing the characteristics of the water body was selected. Within the chosen band, the diffuse attenuation coefficient Kd was
determined. By deciding the end-member of pixels with pure spectral properties and conducting mapping based on the linear spectral unmixing
method, the depth of water at the coastal area in question was ultimately determined. The research findings showed the calculated depth of
water differed by an average of 1.2 m from that given on the digital sea map; the errors grew larger when the water to be measured was deeper.
If accuracy in atmospheric correction, end-member determination, and Kd calculation is enhanced in the future, it will likely be possible to
determine water depths more economically and efficiently.
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Table 1. Characteristic of EO-1 Hyperion image

Date of Acquisition 2003. 12. 20

Site Latitude (°) 35.1506

Site Longitude (%) 128.9875
Altitude (km) 705

Swath Width (km) 7.5
Wavelength Range (nm) 430~2.,400
Spectral Resolution (nm) 10

Spatial Resolution (m) 30

Number of Spectral Bands 242

Cloud Cover (%) 0~9 a
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Fig. 3. Image view of test-field area
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Table 2. Result of geometric correction(RMSE)

Point Image (x,y) Map (x,y) RMSE
1 81.94 1756.00 | 195438.08 | 175653.64 0.12
2 74.75 1657.08 | 195931.98 | 178626.73 0.55
3 58.93 1660.93 | 195417.81 | 178648.42 0.58
4 21.50 1663.55 | 194289.93 | 178795.10 0.27
5 51.90 1608.05 | 195575.19 | 180257.19 0.42
6 55.07 1486.36 | 196536.14 | 18387101 0.45
7 42.89 1485.00 | 196168.78 | 183970.20 0.52
8 60.13 1328.93 | 197716.70 | 188580.76 0.51
9 95.71 1245.57 | 199273.67 | 190868.32 0.21
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3.2. Diffuse Attenuation Coefficient
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Table 3. Result of calculating A

Point | K,(m") | Point | K,(m") | Point | K (m™
1 02536 | 11 | 03991 | 21 | 03049
2 03408 | 12 | 03235 | 22 | 03143
3 03132 | 13 | 04621 | 23 | 03126
4 | 06547 | 14 | 04791 | 24 | 04034
5 02761 | 15 | 04195 | 25 | 03156
6 | 03247 | 16 | 03785 | 26 | 04393
7 03444 | 17 | 03574 | 27 | 05233
8 04004 | 18 | 05400 | 28 | 03397
9 03063 | 19 | 04103 | 29 | 0378
10 | 04655 | 20 | 03677 | 30 | 06641

__MNF_File: 0%

J0

M L_n_m_._‘f

20/

20 . 40 50 80 20 40 B0 0
tigenvalue Number

Eigervalue

Spatial Coherence Value
o
N
F

e
=]

MHF Hard Number

(a) (b)

J8 6. MNF #&hl] 2 eigenvalue(@®t spatial
coherence #4(b)
Fig. 6. Eigenvalue(a) and spatial coherence value(b)

as results of MNF Transformation

3.4. Endmember 2 &

Endmember> EE =47} 7HX 1 Q= o4 £
B HE T Y ST BAZE o] Fo) Fae) B3
s Aot Zlolnt stolHAAEH g A AlA
Al2gl o] grbA okl Eo & £ EE gD
endmember & o 2] 3 A9 o]t w2} end-

12 = @ T8 O¢

500 5000

Wavelength

(b)

a2 7. nkXHY AlZtsHa)ebt ZHEE endmemeber
AH E H(p)
Fig. 7. N-dimensional visualizer(a) and selected pixels
spectrum curves(b)

500 000

35. 8B P43 nd 8 9 A =2
A& 23 3HLinear Spectral Unmixing)®] 2 3+

A& H endmember v} 7} 340 ¥ 3} & = endmember
9] abundance %2} x}o] & YEM = gray level 3 Bl 2 4
ol AAET F4Y stavt BeTE 74 247 ska
ol A X} A} &} abundance’} B2 VEITH, o F&
T & endmember®] EA| 7hsAdo] F& A& ou| g}
3 Bt 02 A A Ao A A= endmember 2}
A 4747 RMSE 34l A4 Hct ol w85

=

U} E9] endmember A €S AR 5S Z0} 1
d8e 22 Hg 47 44d dIARMSE 92
ehdl 2ol .

721



toh

a3 8 A ol Mg -y

= OO L

PR e
od AHa)2} RMSE & AHb)
Fig. 8. Result of linear spectral unmixing method
—abundance image(a) and RMSE image(b)

ra
£

= 0) 27 244 3149 endmember®] WHA}L
o] &-3ko] 4] (3)3} Z©] 2003\ Hedley 5 ©|

L 2

o> o 2

oxt 2 M1 riz

ol rO

-
-
ox
1>
filo
2
ofo
Ol
ok
£
puj
o,
A
a8
1o
~4r
abed
o
i)

£ 4

B b

z=ase (3)

o 71 A,
z: T4
a : endmember @] WHA} L

K : Diffuse Attenuation Cofficient

4 2% W59 4

Table 4. Water depth before and after correction

Point | BAA | A Z | Poimr | BHA | BAE
1 5.1 37 16 9.0 7.6
2 5.5 4.1 17 10.5 9.1
3 5.1 3.7 18 14.6 13.2
4 4.6 3.2 19 11.5 10.1
5 53 3.9 20 12.7 11.3
6 4.7 33 21 13.8 12.4
7 8.0 6.7 22 14.7 13.3
8 6.0 4.6 23 16.4 151
9 6.8 5.4 24 18.7 17.3
10 6.9 55 25 15.2 13.8
11 6.9 5.5 26 17.2 15.9
12 7.4 6.1 27 21.2 19.8
13 83 6.9 28 18.9 17.5
14 9.7 8.4 29 17.9 16.5
15 6.9 5.5 30 23.3 21.9
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Table 5. Result of comparison with digital sea map

Point | &gt | =gt | Zo] |Point | &3 | l=dt | *Hol

i 3.7 3.1 06 | 16 | 76 95 | -19

2 | 4t 3.3 08 | 17 | . 99 | -08

3 3.7 3.6 01 | 18 | 132 | 104 | 28

4 3.2 37 | 05| 19 | 101 | 114 | -13

5 3.9 44 | 0520 s | 1s | 02

6 | 33 45 | <12 211 124 | 119 | 05|
7 6.7 4.5 22 21 133 | 123 | 10

8 4.6 s1 |, 0510231 151 | 125 | 26

9 | 54 56 | 02| 24 | 173 | 145 | 28

10| 55 56 | -01 ] 25 | 138 | 149 | -11

11| 55 61 | -06 | 26 | 159 | 174 | -15

2 | 6l 63 | 02| 27 | 198 | 186 | 12

13 | 69 85 | -16 | 28 | 175 | 195 | 20

14 | 84 88 | -04 | 29 | 165 | 197 | 32|
15 | 55 88 | 33|30 | 219 [ 199 | 20
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