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Seafloor Classification Using Fuzzy Logic
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Acoustic experiments are performed for a seafloor classification from 19 May to 25 May 2003. The six

dif‘erent sites of bottom composition are settled and the bottom reflection losses with frequencies (30, 50,

80. 100. 120 kHz) are measured. Sediment samples were collected using gravity core and the sample was

extracted for grain size analysis. The fuzzy logic is used to classify the seabed. In the fuzzy logic. Bottom

loss medel of frequency dependence is used as the input membership functions and the output membership

furctions are composed of the Wentworth grain size of the bottom. The possibility of the seafloor

classification is verified comparing the inversed mean grain size using fuzzy logic with the results of the

coring.

Keywords : seafloor classification, bottom reflection loss, Hanyang University Bottom Reflection Loss model, fuzzy
logic, membership function, Fuzzy Inference System

ASK subject classification: Underwater Acoustics (5.2)
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Table 1. Representative seafloor classification.

Frequenc Sonar Tvpe Classification Classification
g Y v property Method
. High resolution
. Reduced time,, )
L. R. LeBlanc, 1992 1-10 kHz Chirp sonar Bottorn 16ss Deep'
penetration
N. Andrieux, 1995 10-50 kHz Echo sounder Echo property Neural: Network FM
Han Joon Kim, 2002 1-10 kHz Chirp sonar | Similarity Index(SI) FM
. . Enhanced
L. Hellequin, 2003 95 kHz MBES Scattering strength image quality
B. Chakraborty, 2003 95 kHz - MBES Scattering strength | Neurai Network '
A, Stepnowski, 2003 200 kHz Echo sounder Echo property ANFIS

2} nj@ste] 473Y o2 (Neural network)g F3
AW 27 718 AL (7, 9-101,

Stepnowski= go|E8 (wavelet) 7|HI} FAHARE
A (Principle Component Analysis)2 ©]-g8l4 EA
£ 2% 3. AFY &R 57 o) 2T AL Al
73 2} 14) A28 (Adaptive Neuro—Fuzzy Inference
System, ANFIS}Z ol-§3lo] SjAHE EF3h= 7|
& Agkstdc (8], o] Wi FAE 242 B3 A
He] B48 FE3hs Aol Y ¥, 9Y Fule
o FAE HRN B2 49 59E FE3}o{of frt
= BAES ¢ 9o

wpbr B AolAe dAHe] 23 Al

2 Fukp ELE 2= WA &4 29 (HYBRL
model}& o838l T a2 RH HSH A
Hel 2% 4% §H SASEEEHS AU §F &
2 A=sgon £F 7PEeRE 44 Y9 dAH
o] z2t1 = BF A R34 1t 7hsjt
7] (Fuzzy)ol & AH&3t3rt,

I, o]g A7

2-1, N Y 29

Wentworthi= A EAEZ & 29 7] HQl=
of et 4 FHE EFSUCHI7), EHELS el 2
719 ulel YAFE (Packing structure)?} T}21, 9]
3 A2 Aol GHP dFL Fo HAE
of w2} t}2 YHPLE A dick, wekA HHEY
AR AE 50 2ol Yehlo], S o gt
AL Aozt A7k ol Bl Edt 50 3%
duEao] Q3] Uehts shAEAS AT Rl

¥ 2. DI§ 14 E=§ M® (Wentworth grain size scale)
Table 2, Classification of basic sediment.

sedmont e L Py anatb
Clay > 1/2° =9
Silt 1/2¢ - 1/2° 4~9
Sand 2 - 1/2¢ -1~4
Gravel <2 < 1

ArgskaA) Bk, 2o 2FuE (10 kHz - 100 kHz)
ol 71 AE@siciar g7 Mourad?} Jackson
9] 2902 Hamilton®] At A =T B¢
% 29 HBUAS 02 HAY A% A4S ¥
Y=Y T2 Vo il], 2y o] 2EE &
e A7\ i3 9% Lo RypeEH 2
sl ojEAdo] Qlvte @iel Aot T & ATl
e Faed BE S A7 9% 2ad
A vEAkSAl R ElQ] HYBRL (HanYang university
Bottom Reflection Loss) Zd& s|AH BRd A%
stici{12-16],

At o|2oA AR AFE FUske V&S
H| Y| URH 2K cos6 )E spto §F SFEA AY
7 (& = K Pe0s’d ki gae] skg, { & AW
9] RMS AR7], 8 & FHAAZHolLL Tolstoy and
Clayel M2 S A|8>> 19 HqEe &
FaHoE A AAolet stol Fuirel Y G
o] P AOZ, g0<< 14l AABE SPIHOR &
Thgt Aot Bhn) Fafepo] TiF YL mdih
a3 gx>> 101 Aok n3u} AR Fubeo) o
3 G| Q= Ao 18], 7|& AN &
gty Al &~ O of s BRA b
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Table 3. Bottom reflection loss as a function of sediment type : graziang angle 90°,

THX] Ol OIS} SHP! % 78

Frea. 30 kHz 50 kHz 80 kHz 100 kHz 120 kHz
Sed. type Min. | Max. Min. ] Max. Min. Max. Min. Max. Min. Max.
Clay = 245 = 245 = 245 = 24.5 =245
Silt 18.0 25.0 1 18.0 25.0 18.0 25.0 18.0 25,0 18.0 25,0
Sand 6.5 20.0 6.5 220 | 65 27.0 6.5 31.0 6.5 36.0

Grave < 10.0 <110 | <130 <175 < 23.0

(interpolation) & WABSN= Fohpo] 93t AL
AR A E3 89 dE S27} Fakepe 70 kHzo]
AAE ool diEshy Fuppd WE FE548 7t
A& ;I 4 A3l

wtekA Fuppo] digt AR ZAHANA Y kAL Q%
< aejskd 329 13 2o

B2E Yol dada Ao izt wAAleE
R0l Kirchhoff 2Al ot AR FAAE AY
£/ HFU(mean surface) 22HE M| F7t ¢
AF2} (spatial phase difference) 24§ cos@ & 744 g
ot EJF /RS BRY| EUSRHRE A= AANY
2E Cof oia) 292 HEsid FFHNA whAE
S0l st AR AAEe 2 RE gAY AA &%
¥, 2 () A frt
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Fig 1. Path differences for specular scatter from a typical
horizontal facet of a rough surface.
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2=2. I§X} o2 (Fuzzy logic)
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Table 4. Parameters of FIS for seafloor classification,

Input
(Bottom loss)

SN NN ERE RN AN ANEERARREA NN NSRS RAANURANNARN AN

Rule
(Frequency dependency)

Output ’\'Icmbcrshlp l“unctlon

Input Membership Function
(Wentworth grain size scale)

(Bottom loss Model)

Type Mamdani
{nput membership
function HYBRL model
Output membership Wentworth grain size
function Scale
Rule Frequency dependency
Defuzzification Centroid method

of Zhdet Wehy 2xo) HAE AgsAc A
79 A 7|80 EHe &4 P (membership
function)= 37 F F2o2 Y A&l 59
2858 FAE) Y A43eE § 33 2o 3
e 45 AR YAEY 29 (HYBRL)E 42 YA}
Zolx2) Hadwel AYre JFe HjF ke
42 29T, BY FYYRE AAA BF AlE
{(Wentworth grain size scale)_i T733t3ict [17],
£4€ SARRAE Y 2480 73 (Rule)S 3
§olol e e A WAL S 3
75k, H7HE a&kol o &3 a4 A4E
€ 23 F XA Ol (Defuzzification) M3
S AX FEU=E 2Y5t= A HHE 27T
2 AR} (§ 4, 29 2).

Defuzzification H
(Degree of Frequency Dependency) H

Output
(Mean grain size)
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Fig 2. Schematic view of Seafloor classification by fuzzy logic,
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Fig 3. Experiment Sites and
layout (a) Experimental
Sites (b} Experimental
layout, (¢) Schematic view
of seafloor classification
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Table 5. Parameters of FIS for seafloor classification.
Station ' Water 1 Composition(%) Sadiment Moment
Content(%) Grav. | Sand | Silt | Clay Type Mz(#) | Sort. | Skew. | Kurt.
A B55.0 0 353 864.7 0 sM 5.6 1.79 -0.44 0.69
B 29.3 0 99.2 0.8 0 S 2.2 0.79 ~0.55 1.07
C 28.0 0 70.1 29.9 (W] m3 3.0 1.48 0.29 0.77
D 54.6 0 59 | 941 0 M 60 | 092 | -059 | 1.15 |
E 34.8 0 | 748 | 262| 0 mS 36 | 257 | 0.66 | 1.13 |
F Ref. KIGAM, 1890 S 3.0
HE A S 40 -110 m o o], AF 7|7k H 570 F- digjA A o] 2& o] L3t FHAH &5

¢ A s B2 0.5 m R oS St &
ol FPo] A 3 P2 HE 10 m Al
A2)ste] st 228 A FH, $417]= T-128
(30 kHz), TC 2116 (50, 80, 100 kHz) 2 T-38 (120
kHz)9| 57} FupE AMESHQR, 424171 TC 4014
£ AMgske A RRIAIEE EEEAY (27 3).
L2 AsE HAZo|rt 5, 10, 20 ms2] W} ABE
ARESIET. 2-3 2 ECR 10-20 IR HHES)
£AFATE AAmeZVE WhAbE AFE oha] 44l
72 Al SR F J_Tiﬂr rHO-'J 23 4g) & Af'D
HE71E > A ARt p4lE A3 el 9
AgEAE nejsko t&)\k:’s*‘ & A3t

VI JEan 2 By

2ol 671 4 3 HAE Zol2 AR B0 A

ANE Y=EA 2o nlwsiditt, 319 4% HA °l
EZ o83 AW £79 dioldt, (a)= AE 3P ¥
&R0, A ATs b)old Fubed gk
AE ALSEE, (oollM Fahed 5748 QY £&3)4
o 1749} &8 &3hpo]| oef H7HE Aaprt (d)olA]
A ElHEe] Heot W g BAE Felct, A
Y A E3Ee] EAdN: # 59 Zrt

U=EA ZA3 HY B, C, E= 1 ~ 46 o[3le] AR
E|g2olH, A De YH BAE o9tk BH A C E
AHL EAE B2vt 4 AR L QollA] § A4
HES 7K ¥e) (Bimodah)E UehyY, B9 D A3
Els 7H—l 2eg 7130 &Y (Rayeligh) Helo]

& YEh Qi

HA| 719 o83 EHE £F A% W3 A
Mg S4& A U= A DB, C E FHo| %
Zt = 4% fAR 27E B 268 dedt
BAPo2 d¥sE 7189 BIY=Es A4 2 @
o] ohe HL UEE RECR BHsks 24TE BY
2 O3 4. oM 2R GI(EA A), (a) HETE &
SETZ, (b) TS S YRARSY AL
{c) 23 Asdte, @BLE 8 (d) DX
: 4 20 (AR EF PEE ¥ BRI
Fig 4. Expampte of seafloor classification at St.
: A {a) Site map and SVP, (b) Signal
and bottom joss, (¢) Input and output

membership function, (d) Output
(sediment type, Mean grain size).
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o}, B3 7HE £ Xol§ Hole= AR As FHUEY
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el 60 %21 7-8 ¢ B3 o}F R YIS &
et (23 5). AAR, AAAde ] HHEY 2= A
72X Hups= Y8 B2 (B,D AU $AY 2=
(Bimodal) & ZH= BE (A, C, E 3HE Koz o},

olE¥t B AYL RE AWM FUF AHE R
A3 gev] xAstAQ HAE i Zaele o2
A HHES fgo] 52 LR JHUY Y=g vt
B ok, mhetA 7129 HFYEE o8 HAEF
o] i 5E Al AA EXsks HA139 d 27]
Y 2 BEONE Aold g HY 5 vt B 97
A4 ZAEE H72] EF71EY Be, oF FHLE o
£3ho] A AP S Juldlof 23t gt
A £4& FAlo 2oz AU Exjshs &
A5 £8 4 4=E FHE 5 A%
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Fig §. Comparison of mean grain size and fuzzy prediction.
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