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Surficial Sediment Classification using Backscattered Amplitude Imagery of
Multibeam Echo Sounder(300 kHz)
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In order to experiment the acoustic remote classification of seabed sediment, we achieved ground-truth data(i.e.
video and grab samples, etc.) and developed post-processing for automatic classification procedure on the basis of
300 kHz MultiBeam Echo Sounder(MBES) backscattering data, which was acquired using KONGBERG Simrad
EM3000 at Sock-Cho Port, East Sea of South Korea. Sonar signal and its classification performance were identi-
fied with geo-referenced video imagery with the aid of GIS(Geographic Information System). The depth range of
research site was from 5m to 22.7 m, and the backscattering amplitude showed from -36dB to -15dB. The mean
grain sizes of sediment from equi-distanced sampling site(50 m interval) varied from 2.86(¢) to 0.88(¢). To acquire
the main feature for the seabed classification from backscattering amplitude of MBES, we evaluated the correlation
factors between the backscattering amplitude and properties of sediment samples.The performance of seabed remote
classification proposed was evaluated with comparing the correlation of human expert segmentation to automatic
algorithm results. The cross-model perception etror ratio on automatic classification algorithm shows 8.95% at
rocky bottoms, and 2.06% at the area representing low mean grain size.

Key words : multibeam, backscatter, GIS, grain size, classification
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AB7HA] 4ol mE E57, HEAE ) 1E EF(Lee
e al., 2004), 719 W& ¥F@Lo Iacono ef al,
2007), AY Ak & B, 2he] EA4) offo
wE F-F(Bishwajit and Vijay, 2004), 3% B4 &E
H 5 Ut A e ERddoel JalEe] g
th 71E9] B3Rl 7120t @ AL §3e) MY
AR g AEY AR50 B4 tKCho e al,
2004; Gary et al., 2000). =22 Ho daslt 23
Axe] R Qlete], ZFAR A SR oY o3}
Al 5, A7 i Sl AR uig 2 @A AR
T ZHdA<Q 4 AHE(Acoustic Remote Sensing
Data)s EUE AFHQ £F 5HS FE39 A
HE EFdele dF o7t Fdsxz gd
(Medialdea ef al., 2007). 53], Ag% =&
2 FEEE A A2EY] EE8FuE A EA
7o 304 A= € FUEE A gon,
old] W @ Al7] BAlE 718 AEY A= B
(H S 34 F3hel vis) oz ZUd i
F ARG g 284U AT ARgE71He
Mgeltt, 29 ArolM e UEF BMREE Ag
SlaL o]E 3HE =AIAY(Display media)l 2143
A FA3] N 5 A5e) F2o] EAEHT
U= AAo|t). 0B AHA A 7 EF &
A e BAS (Raster)S HEIRNE (Vector)Z X
A, A%, 584 she 244 FAZPE) shuol
Joe Breman et al., 2002).

o 2% 2AKMultiBeam Echo Sounder) A&
2 HEF PR dEA A28 F shiolt)
S &3 BAL Al2de @R (Single Beam Echo
Sounder)e|tt % (Chirp) Al2He] v]ske] Y53 F&
B0 AEe] AT PARE o)§3)ed, s
7153 34 B¥ g ARre Sk dbzo
2 718k Alagolt. Wlo) Xzt 2 #Ex)H9)
AW ZEads ) Jeot Agdoeg JE
7] W&o, 71&9] SHFAL 33 ©X)7](Side Scan
Sonar)’t 7Rl Y AW s we XY Ead
HAe ErlsAdS d]dky 9tk Hughes Clarke of
al., 1996). T YA A5 AP wxo] e
WA Ast 52 mdAlo] old AR H H5417]
(transducen)®] 713t5H8 #AAE F43l] BAH =

QA - ol - AP - B - B -

T Utk T AHAS AFHOE AN 5 9]
e, A4S o] 83 SIAH A YT
(impedance)dll A3 A7 oY AH sHol g
A AEE BT 4 e 715S 72A =3tk
&, 59 SFEA Al2"E SHFAL S5 gAY
o] BRlo]la P BN EF gaEFd I
A AFEFHE FHHoE BAT F e 54
719] AXZF 33 25 5] FUt ARE AFsL
ATt
olf et thEHl &% VA AR AHE AEE
Ale"og Q3 thdat Zhe At Ed] A
Ha vk B Foetle] SN E o838l 3
AE A 3 QHH2E A3, HAHS 5
E4E 71xE AW B 43 AW 2%
EA Be A7yt 235t Hamilton eof ol., 1956;
KORDI, 1991; C. Park ¢t al., 2003). HZol< 34
9] AAHFF S TR ASE FAl HE 7t
5T O 2T BAREE o83 5 IEIE
718ke] 100% Y ZAF AARE IR SAHEE &
FalzA sl 9771 3 "o] Ik M. Roberts et
al., 2005; Luciano et al., 2007; Andreas e al., 2007).
A 2K A 23 PAREE vd ST
Ueidle Adelxe] A8 B4 ARE r[fe g A
WIAG S F8 FAZ A&, AFHOE re
7ke- 248 ghch(Hamilton, 2005).
b ARE Hke 2 ¢ AH BR ¢
2t wgale) Zket 22t 744 (attenuation)
B S4& 3=, &7k ol AUtk =2
3 BRpola FAE AT F EAel= FAhe
Fabke WY 7 /KRE O
2 7 At shve by FdE A5 YAtz
WE 3 7247 old 400 uE EERE 54
olg3te], 3t W9 4o AL Bl S
A5e] 7R we} sAHE EFIch(Hughes
Clarke et al., 1996; Kong et al., 2006). °]¢} &g
FAEE BEAola @S HeE 489 4
ARSE "X 7N B SaelES o] A I
W A "] BE BAS FH5 4oy
GLCM(Gery-Level Co-occurrence Matrix)ol A A&
3t BAoE Al ol o]&sle s H
23 BA# E4E dd3e WS AAsa o
(Cutter ef al., 2003; R. Dietmar, 2007). =X =
FAHE o] 83 HAH EF, T2 2 (seagrass)ot
2 FEA e Agste A% STNI B 5o

3
2

)
L)i ol
By

o
o
B
Ju

mloém&ﬁxgm Kl
nd
2
A
=
2
jm



o 23k ek} A)2E1(300 kHz)e] Sk

AN CHLa et al, 2005). 137 AL AH 2B
T2 ol3te] o) gk Hrh A7t A
HKim et al., 2002).

Zep} 7jEe] dApdae ggy 5o A Ags
183 A 220 A5 ggez AlfEHIe
Tl A= aﬂani,} ;(] 2_4, =X3} 28kstw
g-_g_zsl

}_
7

o
o
ol

s

o iz

sl rR
By 4n

=
o
o

3
e P e
AAES] B4E $eT, BAE

=

=

3 A AW B 94 XNg e 5FL
= w =

L2

=

1

T mlo

oo o

o ok
ot

5
=
X

>

) 1% B4 Zody A
AR T NS A 2E A AN

2
= °C‘—TL°1W& ﬂ%‘%‘ = A X}E—‘;—i EH*JPE El
AR 24 94 ERE FH) @
R, TAR 54 F24 2% EHXi
Axel J9= J7t A3 A g
B A7E A Rkt JRE olgale 72
8l =(Nautical chart)liet 2ol =24k shte] 4
(point) FEL= EAISIA vepd 5 = A B
FAYE sjashe PHA T1RE At SR
=3 9 leﬁ 2L olgste] HAY JrE 7
o (polygon) B ZA &i’\] 3, Al
%l~ d=el REds A AT

2.1 8% X8 35
B A7E s, 200335 FHEAURALY B2
3 AAo] A28 KONGSBERG SIMRAD EM3000

(300 kHz)E o83t &2 whix] 9 Adade
FARIATHEg. 1). 2 A7 gPdR|ge Y= 38°1131'N

~38°1239'N, A% 128°3535' E~128°364%' E7lA] &
ZAPAAL 18 kmX24kmela, F4& H4 9F 5m
oM Hu 27m7H BE¥E JehiQth B2 24
A5E #HF A2agE A3 1m Hx¢] DEMAES
ol83l% oM, F 7K Bro] FHMEIALE (Amplitude,
Side Scan Sonar) & APel=A Au AEE 1m
F7b S} 32bit AzsPEe] BAjol GAroE A
ZEHh Aloluagl At AT ABE AL
BAola oz A A, HEe] ATEY
o2 A FHFATHEM-Class). & 7= Subaled

° Lk

MRS olgd A HAY 9AER ¥ A 749

Changchoho

128° 3§’ 128° 36’ 128 37

Fig. 1. Map showing the study area(dash line box).
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Fig. 2. GIS system of acoustic remote classification (under- water camera, mosaic patch imagery, sediment sample analysis,

sampling points, etc.).
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Fig. 3. The sampling method of side scan sonar of KONSBERG SIMRAD EM3000 (Oliveira e al., 2007).
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Fig. 5. Patch imagery of backscatter strip and amplitude curve as incidence angle.
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Fig. 6. Retrieving of raw signal from corrected signal with automatic hardware gain.
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Table 1. Analysis results of sediment samples
Sample Composition (%) Statistical Parameters

D Gravel Sand Silt Clay Mean Sorting Skewness Kurtosis pe

0 0.00 99.55 045 0.00 2.00 0.69 0.34 3.50 S
50 0.00 98.83 1.17 0.00 2.07 0.71 0.54 411 S
100 0.00 98.60 1.40 0.00 2.30 0.69 0.38 340 S
150 0.00 94.78 522 0.00 2.86 0.70 0.18 3.29 5
200 3.89 95.52 0.59 0.00 1.07 1.32 -0.84 3.82 ()8
250 0.62 98.96 042 0.00 1.61 0.88 -0.36 5.90 (3]
300 0.00 99.76 024 0.00 151 0.73 -0.01 4.01 S
350 0.00 99.49 0.51 0.00 1.41 0.75 0.38 4.69 S
400 2.04 97.42 0.54 0.00 1.15 1.09 -0.51 4.82 ©S
450 0.00 99.86 0.14 0.00 148 0.70 -0.07 4.08 S
500 0.00 99.64 0.36 0.00 1.40 0.75 -0.18 5.24 S
550 0.00 99.44 0.56 0.00 1.44 0.81 0.00 4.83 S
600 1.14 98.70 0.16 0.00 0.89 1.00 -0.84 4.19 (9N
650 048 99.31 0.21 0.00 0.69 0.92 -0.18 3.68 ©)S
700 0.00 99.76 024 0.00 1.13 0.76 0.13 3.88 S
750 0.00 99.61 039 0.00 0.88 0.77 0.54 4.72 S
800 0.00 98.53 1.47 0.00 2.13 0.82 0.17 319 S
850 0.00 98.53 1.47 0.00 1.82 0.93 0.30 2.87 S
900 0.00 98.58 1.42 0.00 2.67 0.71 -0.50 443 S
950 0.00 98.58 1.42 0.00 2.54 0.80 -0.50 3.69 S
1000 0.00 94.36 5.64 0.00 2.1 0.87 -0.36 4.14 S
1050 0.00 94.98 5.02 0.00 2.56 0.89 -0.26 3.81 S
1100 0.00 98.45 1.55 000 240 0.95 -0.76 3.86 N
1150 0.00 96.81 319 0.00 2.68 0.95 -0.87 412 S
1200 0.00 98.59 141 0.00 2.14 0.70 0.36 4.11 N

*S: Sand, (g)S: Slightly gravelly sand
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(d)South rocky area(bathy)

(e)South rocky area(bathy + SSS}

Fig. 7. Data fusion of seafloor texture (backscattered amplitude) on 3D bathymetric model.
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Fig. 8. Raw amplitude Vs. HW corrected amplitude signal as incidence angle at each grab sediment sampling locations.
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Sampling D Remote Sending Data Vs. Ground Truth Data
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Fig. 10. Selected Dataset of Ground Truth data at sampling sites.
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(a) Raw mosaic imagery with multibeam (b)Draft classification with intensity value (c)Final classification after numerical
backscatter intensity. & incidence curve feature. morphologic filter.

Fig. 11. Seafloor classification results with developed in-house SW (EMClass).
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