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A Study on Seabed Rock Detection Method

through Fusion of Airborne Remote Sensing Data

Shin Myoung Sig

UR Interdisciplinary Program of Hydrography, The Graduate School,

Pukyong National University

Abstract

The distribution of seabed rock in the coastal area is connected to the
navigation safety and development of ocean where it is a very important
measurement target. Currently, the distribution of seabed rock is surveyed with
interpretation of water depth data or point based bottom sampling, which
shows low efficiency. This study aims to suggest an efficient and accurate
detection method of seabed rock using airborne remote sensing data. Airborne
bathymetric LiIDAR data and hyperspectral image were used to detect seabed
rock, respectively. Then a method was suggested for seabed rock detection
using fused data which could overcome limitations from single data.

The seabed rock could be detected using texture information of airborne
bathymetric LiDAR data. The result shown 88% detection accuracy and24%
commission error due to blur effect of moving window operator for texture
calculation. The spectral information was used to detect seabed rock using
airborne hyperspectral image. The spectral angle mapper (SAM) algorithm was
used to compare spectral similarity of each pixel to training samples. The
result shown 79% detection accuracy with 16% commission error and 26%
ommission error. The reasons of error might be limitation of image correction
method and environmental variation at local area. The two data was fused to

enhance detection accuracy that the texture data was added to hyperspectral

— viil —



image as a band. The maximum likelihood (MLH) method was applied to
detect seabed rock using fused data. The result shown 96% detection accuracy,
6% commission error and 1% ommission error which is 8%p and 17%p
enhanced accuracy compare to results with bathymetric LiIDAR data or
hyperspectral image, respectively. Therefore, the suggested method should
increase accuracy on seabed rock detection with fusion of two remote sensing
dataset. Additionally, it may improve efficiency to survey seabed rock
distribution.

Distribution of seabed rock can be a useful data on application fields such as
navigation safety, military operation and sustainable development of coastal
area. For this, further studies are needed aspect on accuracy enhancement,
subdivision of class and expansion of area with various coastal characteristics

of water and environments around Korean Peninsula.
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5 A7l Larsen-500& ©]-&3to] 2AZQ 2SS HA AT
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a8 i o] CCRS Mk-TIIE 7|22 1914 24
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Defense Research Institute)®} Saab &< & FH HAY A==l
Hawk EyeZ 7Retslict A S0 Auts 53 SaFo] 23k 4t
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¥ 1. SHOALS-3000, 1000, HawkEye II, CZMIL ZH| A}Fv]

- SHOALS- | SHOALS- | HawkEye
T = CZMIL
3000 1000 II
Measurement
3,000Hz 1,000Hz 4,000Hz 10,000Hz
rate
Operating
. 300-400m 200-400m 250-500m 400m, up to 1,000m
altitude
Depth
) IHO Order 1 | IHO Order 1 | THO Order 1 [0.32 + (0.013%depth)]"/?m,
MEASUTEment. |« osem, 1 o) | (~25cm, 1 0) | (~25em, 1 0) 0-30 m, 2 0
accuracy
Horizontal IHO Order 1 | IHO Order 1 | IHO Order 1 9
(35 + 0.05 x depth)m, 2 o
accuracy (“2.51’1’1, 1 O) (~2.5m, 10 (~2.5m, 1 0)
Minimum <0.7 m (system), <0.15 m
0.2 m 02 m 0.3 m ) .
depth (with Shallow Water Algorithm)
Maximum
50 m 50 m 70 m 42/ K,
depth
Sounding 2x2, 3%3, 2x2, 3%3, 1.7x1.7 to _
_ i i 2X2 m nominal
density 4x4, 5X5 m 4Xx4, 5X5 m 35 X35 m
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S oglol, A 1 £art Fbeka g FAlClthR A 9, 2005 3ok
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3091 & 3 UG B
&

7] g ZEF Al SIS (Scanning Imaging Spectrometer)S A 2Fo.
2, 19873 v]l=r NASAC AVIRIS (Airborne Visible/Infrared Imaging
Spectrometer) AlA 2] 7wk 2 zg ol FE5o g Q& tav] €A xEF
A el AA Zh=o AFIV|AS FHOoE EAHOR FIPHT] A
AT AVIRIS A% 1983de] /eo] 19873 Agew ARnE I%5
AA7MA Z2iF G3adE AFodA 7HE B2 238 94E A
t}. AVIRIS A4 = 400~2,500nme] 3849 F 224719 WM=E& 7} a1
Rom 614709 FHAR FAAE el o]t 1980 3
A2 Ayt A 7iEsk CASI (Compact Airborne Spectrographic
Imager)= 400~870nm 3}7¢-7roll A F 22871 WE== FA5] Q)

=
ox
2
ofo
P
A
o

T e A xE SR, AISA (Airborne Imaging Spectrometer
for Applications)7} & =o A 7 FHlom 2 AAZA S5t v

o A Z}7} AFE-E o] X3l 91+ HyMap (Hyperspectral Mapper)¥} Probe-1



ol AR&HIL vk "= SARATFANNRL)ONIA A HEAow s
HYDICE (Hyperspectral Digital Imagery Collection Experiment) AlA =
A LARE ol9lel RFE Fgo] A=A gt offel 1= GERAK
A 7ekg GERIS, DAIS(Digital Airborne Imaging Spectrometer), EPSAl
A of, TheFg Ao A #Feo] 7hs gk ASASAHA, TN B AA-F A 3t
off 5 927, EA LA FitelA 1071e] WMEE AFS= MIVISAIA,
ROSISAA & @& 337 &Al 2EdAA7F A ARgH AL 9l
AVIRIS= %3 9484 7leS ofFal S 7HE T a3 AAM e &
U=z FE& 5 Atk va NASA JPLelA 1983d 7id e 344
AIS (Airborne Imaging Spectrometer)S 7l %ale] 198710 A7E AA
24 400~2500nm g A F 224708 WE=R JAts HIT
AVIRIS= #id vfe &

o

ofo
Al

okl AFH AFAGE HAs] Fge

Fogste] FFetm Jon, dAZA AA ZRA, I AHE, FTT 2
FEEA A, 273, Y, 7] T vdd HAo Aol AREHE Uk

E3] 198833 E A F7hA wid AVIRIS WorkshopS 7§ &l AVIRIS
AuAe 7Y R e BRY AFARE A Ure ALE vhdsn
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%2 37 BA 2ERANY F5

A
A% 149 AVIRIS AVIS-2 Hymap HYDICE CASI-2 CASI-3
_ B Light Light ERIM Light Light
A ER-2 plane plane CV-580 plane plane
USA Australi
7] 2= F) NASA Bavaria USala | o a NRL Canada Canada
HyVista
JPL
Z9e 9 Across Along Across Along Across across
HAJdu= 20km 3000m 2-5km 1.5-7.62km 466m <210m
LIR=R 224 128 128 210 228 288




10(VNIR)
20(SWIR) 3nm
10 9 100-200 | 10-20nm 25 22
(TIR)
400-2500 404-875 450-2500 400-2500 —i)gOSO 380-1050
500:1 64;1%5'5 500:1 217/107/40 480:1 480:1
20m 2-10m 3-10m 0.75-3.75m 0.5-10m 0.5-10m
. o o . 512pixels/ | 1480pixels
34 56 61.3 320 pixels 54.4° /39.5°

Light

Light

Light

Light

plane plane plane plane
Finland Finland Finland Finland Finland Finland
Specim Specim Specim Specim Specim Specim
along along along along along
o =f
1000m 5 - -
286 244 244 254
1.6nm
9.4nm 29 2.9 8
400-900 400-970 400-970 1000-2400 760-1250
1.41-1.02 B B B
m
39.7°, 1.41-1.02 _ B
99.9° m 0.71-1.2m
39.5° 72x31.%/3 /39.7°, 31x3%/1
’ 9.7°,29.9° 29.9° 7.8°

Airborne




Aircraft plane plane plane
EU and
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7] 2= F) ESSI (GER) ESA GER NEO DESPA
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: 2500m/ -
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> VNIR 114 152 (TIR
LIR=R 128 79 SWIR 199 12band) 160 128
5-8nm
LR 20nm 15-45nm YNIR’ 8-32nm 3. Tnm 12-25nm
5-10nm
SWIR
VNIR
f 380-970nm
¥4 9 Yo 400-12300 SWIR 430-12500 | 400-1000 800-3200
940-2500
nm
150 VNIR
S0 300 SWIR
0.18mrad
F7He & ~ ~ 1.25-5 across, 3.3-11.7
= 2.0mg ol 2-3fm mrad 0.36mrad mrad
along
—Z'_A]_ %/ o o o o o
FOV 60 52 28 89 17
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£ 3 94 734 2EFAAMY FFH

B 1% | Hyperion | CHRIS FTHSI | COIS | AIRS IASI
g A A EO-1 PROBA Mlgh;ylsml NEMO Aqua METOP
ESA
S Nasa | (Buropean | e Us NASA | CNES
A Space Navy
Agency)
l}ij]l-f’j along along/across along - - -
2} :
g5 2000/11/21 2001/10 2000/07/19 | Mid-2000 | 2002/05/04 | 2006/10/19
29
= 705km 600km 575km 605km 705.3km
al:
=S 242 82 146 210 2378 8461
Wz
Y 10 6-33 = 10
(nm)
R
He 350-2500 410-1050 475-1050 400-2500 | 3740-15400 | 3620-15500
(nm)
=
SIGN 7.75 7.5-30 30 1650 2200
(km)
161(550nm)
147(700nm) . . _ _
SNR 110(1125m) 200:1 >200
40(2125nm)
13.51km
s ’ 1km,
A= 30m 18m,36m 30m 30m,60m 2.31km, 25km
1km
FALE 2.86 1.1
JFOV 7.5%x100km 14x14km 3 degrees degrees degrees 12
TAREOE St} 7141 t71¢]
e WzE | 71 AEe] | 2met
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Type Algorithm Formula
Euclidean Distance ai
(ED) Z]|tn - r7l|
n=
Tchebyshev _
Spectral Distance (TD) maX; <, < N{|tn r71|}
Distance N
Measure E Uy
Spectral Angle cos~ ! n=1
Mapper (SAM) N , % N , %
Z tﬂ E r"
n=1 n=1
Mahalanobis
. (t*T)TF_l(t*r)
Distance (MD)
Matched Filter (t— )"0 r— )
(MP) =) T =)
Adaptive Matched 5" W
2nd Order Filter (AMF) Py
Statistics—based 5
Constrained
Measuré EdSRry +7 1,
(Stochastic Minimization TR
Measure) (CEM)
Likelihood Ratio 1 1 P
— —log, I'— | —(t— I (t—
(LR) 9 *09e 5 =) (=)
D5 Gl ey
Tr—1 Tr—1
Estimator (ACE) (L))
) ) @ If t(n) > T then h(n)=1
Binary Encoding .
(BE) @ Ratio of matched code
h(n) > threshold
Spectral Feature @ Continuum removal
Matching @ Relative absorption band width and
Spectral Feature .
L depth from continuum
Fitting (SFF) . . .
@ Calculation of matching ratio and
RMSE by least square fitting for @
where, t, : reflectance of test pixels at band n, 7, :@ reflectance of reference

spectrum at band n, /V : number of bands, t : test pixel spectrum, r : (mean)

reference spectrum, i, @ mean spectrum of background or image, I' : covariance

matrix, R : correlation matrix, h(n) : spectral pattern (binary code)
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A2 A5 = o] AEmoe d&e vAH §d koA CZMIL

Auel AUEst g o o

£ 6. FETTASZFAHN(CZIMIL) AF ALY

Z T 5 EE;
A = Ab Wttt OptechAHGit)
A v CZMIL
1% 400m
5 140kts
2 o] %
]E] 1 10 kHz
=
o] %
]E] 1 70 kHz
=
J = 2mx2m nominal
20° (fixed off-nadir,
7=
circular pattern)
Z 291m nominal
Class 4 laser product
(IEC 60825-1 Ed.1.2)
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¥ 7 1% & HAYE v 2 (SHOALS-3000 vs. CZMIL)

iEGnd 5x5m 3x3m 2x2m
SHOALS- SHOALS- SHOALS-

3000 CZMIL 3000 CZMIL 3000 CZMIL
600m 442 11.19 161 373 0.73 173
500m 5.30 1344 185 442 0.83 2.00
400m 713 16.38 270 559 1.10 2.50
300m 838 20.69 2.87 79 134 368
200m 11.30 33.30 441 12.00 19 5.29
U. 33 FAZF A5 AAE

(1) GPS/INS A= &

glole Ax g @A v A FA5e AA] dlolE el Ao Hx8 =
4 GPS 71%= dolEHE o] &3
g dE SAE udtt FEFASFS o] &3te] dolxl HolHe BT
OAE Fefo]m g Ajxdl o] stET] o] AAZto R AgHr)

FF717F 25 F delE Aeg& AFHAAM tdzdE Ase T
ol# ¥ deolEl B GPS/INS dHelE 7} 23kuo] Qlvh. wheba 713 3ol
ek A GPS ZIEs dlelEl, A kel olAAE, Alxd
(Calibration) & o] &3l Z7]e] A zA=E AbEdrh. GPS/INS
olEl= FF7] ol Fol FAE delgeng i AAS fsAE AL
GPS 7lE=rol Al AR delelet A ARgsiof gtrh. o] HlolHES
POSPac &~ZE9 & o]&s] DGPS AHglstAatt. o] HAoA GPS ¢4
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# 8. GPS/INS A3 A3

GPS AAX7H=(57 °173)

Number of SVs

E
8
7 H i H
HZ?IGEII} |I]B‘EI[IEI WDQ:DDE 110,000 111,000 ‘12:5[”]
Time (s2c}
o<
A4 M HE
PDOP(3.5 °]3})
PDOP
2]
107.:000 105:000 m;.:ooo 110:000 m.:m \12:000
Time (sec)
PDOP HE
Processing mode(0~2)
Processing mode
EaR
o
1I]?.‘[IEI[I |I]E’x,II]EII1 1[|E.‘EII]D 11|].‘[II][I HI,I[IEIIJ 1|Z.‘EII]D
Time (s=c)

[Processing mode: 0 = Fixed ML, 1 = Fixed WL, 2= Float, 3 = DGPS, 4 = C/A, 5= GPS Nav, 6=DR |

Processing mode &




(2) #@olA "oy A

GPS/INS d©lole HAel #Ae] 2udd Fx7]e] A 9 AAARE
Hler o 2 HydroFusion AZE S o] &3] #olA dHolHE At}
Aol A 7 @A) Work flows ZAAS #ojA Holy Hele=
GPS/INS ZA¥HE vk ofyet g7]ef AA 3He] ol AAY, A=d 1A 2
3 5ol Zaslt o#d AA AxE ¥ doly @A Az Ed
ofe] Ml zo M A Aol gt FES A%
A7, T AF dAE FYg 2 A5 WGS84 B A&

=]
1
Fo0=2 F9goen UTM HIEAZ #8191}

Field

Level 0 Database
Master control
7

Level 1
Data download and
synchronization

Level 2
Flight line-based processor
and point doud auto-processor

Level 3
Area-based manual point
cloud editor

Level 4
Area-based image generation

Level 5
Feature extraction and
opo'benthic classification

Cevel &
Emvironmental products
processor

<a¥g 22> "oy 8 Work flow
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AgE gHE AT ITRESAFS] CASI-1500 2@ 20139 1090 2
Qatee. o Al 380nm~1,050nme] ERFHAEE A m gon 3
o 283709 BHWMES 53 4 9uh CASI-1500 ZEFAAE F48

% 22704 (Pushbroom Scanner)?] #hl&edubal o 24 3lukako]l w4 w o}

0 HY PGS LolrhEol YL A5, NAPRE L WA
AAET} e, RAAAE U FURANES AdeA 24T 5 A

3 =5 Al FAL S FH AR
LR 380~1,050nm
A 36~288 band
el R e 2.4~9.6nm
WA e 14-bit(16,384:1)
I A7 4= 1,500 74
o A xlo] = 20 x 20 micron
=4 40 =
tlely

10.9 Mpix/sec
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(1) 7187
F8t AAMZE AREE = AU AIQl AT AUA (Y= ATRHeR
dArtshE AT F-F(water-leaving) HAFN U A7} AR Edshs 34
oA wi7lel gk Az g=o] LG Stumpf and Holderied(2003)+= 3l
M9 gel CZCSSH AVHRRAIM AH8aha Qe ti7lng e msids
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Ry, = Water reflectance

Ly, = Water-leaving radiance
E, = Downwelling irradiance
R, = At-sensor total reflectance

Y = Angstrom exponent

R = Rayleigh reflectance
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Reflectance CALET Pixel to be deglinted
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3y Deglint water » g

MIR band: |Hesize (754,5nm+/~ 3,Bnm (rows 124-126) DNSRLL000,000000 (16U} (165):CAS1_2014_09.07_180145_g, pir) [754,50um] ~|

Deep waler ROI: [Fegion #1 [Hed] G25¢7 paints. + |

Output Result to @ File 7 Memary

Enter Output Filenarne | Choose

deglintttdeglint_20140307_175252_8band, hdr

Ok Cancel
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<3¥ 33> FHEAL B AF G4 v

(3) Aol W WmAe Wl vy
Lyzenga(1978)% Beer®] W& 7|Hlo =z X
WhAbS 3 A whALS RS BAIE ofg (4] 8)3 o] A st ol
A BEste RARE S AT Y] WA RSt gk FAV S doer 4

of wel AerduHz g
Ry=(4,— R, )exp(—Kz)+ R, (2 8)

K = Attenuation coefficient
z = Depth
A,; = Bottom albedo

K = Diffuse attenuation coefficient

Ry, = Water reflectance
R., = Water reflectance at very deep water
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Band 12 (445.8nm)

BOO
¥=323.63+450.92exp(-x/3.13)
- RZ =071
700 -
]
S eo0]
E4
2
i
2
2
v 400
g
300 -
200 . - T T T T T 1
o 2 4 6 8 10 12 14 16
Depth{m)
Band 26 (546.4nm)
1400 - :
y=192.82+1309.19exp(-x/3.53)
- R? = 0.90
=
=
£
.
b
=1
E
2
o T T T T T T T 1
o 2 4 & 8 10 12 14 1%
Depth{m)
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GO0 —
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— 200
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