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Diffraction and Radiation of Waves by Array of Multiple Buoys

Il-Hyoung Cho
"Department of Ocean System Engineering, Jeju National University, Jeju, Korea
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ABSTRACT: The diffraction and radiation of linear waves by an array of truncated floating multiple buoys are solved using the interaction theory
based on a matched eigenfunction expansion method (MEEM). The interaction processes between multiple buoys are very complex and numerous,
because the scattered and radiated waves from each buoy affect the others in the array. Our primary aim is therefore to construct the rigorous wave
exciting forces and hydrodynamic forces to deal with the problem of multiple interactions. This present method is applied to a square array of four
buoys with two incidence angles, and the results are given for the wave excitation forces on each buoy, heave RAO for each buoy heaving
independently, and wave elevations around the buoys and wave run-up. The analytical solutions are in good agreement with the numerical

solutions obtained from commercial code (WAMIT).
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Fatigue Damage Estimation for Mooring lines of Spar Platform
Using System Identification Method

Yong-Gyun Kim, Yooil Kim and Byoung-Hoon Kim’
"Department of Naval Architecture and Ocean Engineering, Inha University, Incheon, Korea
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KEY WORDS: Mooring tension Al %, System identification A|2=¥ 2|8, Fatigue life ¥ 2 41, Mooring line | 541, Wave scatter
diagram 3 W= EIE

ABSTRACT: This paper presents a methodology through which the time series of the dynamic response of mooring line tension can be predicted
without relying on a time-consuming nonlinear time-domain analysis. The mooring line tension for the target short-term sea states was predicted
using a Hammerstein-Wiener model, a popular system identification scheme, based upon the pre-calculated motion-tension time history data for
some selected short-term sea states that do not overlap with the targeted ones. The obtained mooring line tension was further processed, and a
fatigue damage comparison was made between the predicted and calculated values. The results showed that the predicted time series of the mooring
line tension matched the calculated one fairly well. Thus, it is expected that the methodology may be employed to enhance the efficiency of mooring
line tension analysis.
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Wake Volume Characteristics Considering Artificial Reef Canyon
Intervals Constructed by Flatly Distributed Artificial Reef Set

Somi Jung, Dongha Kim and Won-Bae Na
"Department of Ocean Engineering, Pukyong National University, Busan, Korea

e 2 QlFolx T oxWF Aol uhE FHAH 54

KEY WORDS: Artificial reef set 218012 3, Wake volume $74%], Artificial reef canyon ©1Z% =, Flatly distributed placement
model HHEAE Y Element-based finite-volume method £47]8F §-3H4 2 W

ABSTRACT: Considering the artificial reef (AR) canyon intervals facilitated by flatly distributed placement models, the wake volumes of 25 AR
sets were characterized through the following works. First, twenty-five different canyon intervals were established to investigate how the intervals
affect the wake volumes of the AR placement models, each with nine cube-type ARs. Second, the element-based finite-volume method was used to
facilitate flow analyses. Third, the so-called wake volume concept was adopted, and finally a reasonable placement interval was found based on the
size of the wake volumes and the associated unit propagation indices. From the analysis results, it was found that a maximum wake volume of
25.18 m’ was generated when the longitudinal and transverse intervals were fixed at 6 m and 0 m, respectively. Thus, to magnify the wake
volume, it is recommended that artificial reefs be placed at intervals of 6 m (3 times the reef length) in the flow direction, with no intervals in the
normal direction, implicitly indicating that an intensively stacked placement model is a better option to efficiently secure a larger wake volume for
the cube-type ARs.

1. M = ke 7435 JTHGrossman et al, 1997; Pickering and
Whitmarsh, 1997). o]e} Z2 ikdl F74-2 “Attraction vs.
Q150 Z(Artificial reef, AR)= S| YHE2] 54| (Propagation)  production’ =42 AE|HM op712] sjds|of & A=

2 T}k (Diversity), ©1%(Fishing ground) 7141(Enhancement)  '&°}F {TH(Bortone, 2011).

S BHRog AZtHo] ok HxHE F2EE AHoHrh ol9} A2 =AE Ay AT YHSE oZPY FATF
QlFojzol el AMad ATl a2 JFoixe &3+ o (No-take zone), B R1F0]Z(Protected artificial reef)7} #|
A HGAE, A, MXF oz P4 W Fr So o)  FHSUTKPitcher and Seaman, 2000; Claudet and Pelletier,
ot} dde] HASL ol Folxyl YAAY ®mul ofzt  2004). & ¢TIt AXE FH) A=Y E AT 71 F

o

| >
129l Bl SRR 24 9 tepde] 3AAe & AU dudos BAgo s APE A @ tepde
#5 vt FA3THAmbrose and Swarbrick, 1989; &7 EUEE sEAR= Zolth E3F dH| HAeAES Q)
3t Fxo] AAEofok

Bohnsack, 1989; Bohnsack et al, 1994; Bombace et al, 1994; 3129 754 A1E flaix= &

Frazer and Lindberg, 1994; Charbonnel et al., 2002). 121} <1 3t ol HsliAe AAEde 3, tiY Y E, o2y
Folx7t AAAS] UM ES] PP FAA FHE FAW  FTH L AR AAA] 2 Y, FF ZUEYS 97
Aake]l ZUE olojAE AL ofUY 23]y HEFHE ojx2y  Al¥e] HEeof kil At THPitcher and Seaman, 2000).
& Qe A/A BHAA G sG] YW ELS FAaA F RS BHEE 54 B AEL o]x9 V)5S AsietaL
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(@) cell-centered FVM

(b) vertex-centered FVM
Fig. 5 Cell-centered FVM (a) and vertex-centered FVM (b)
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Table 1 Mesh sizes and wake volumes
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Fig. 7 Boundary conditions: (a) velocity inlet, (b) pressure outlet,
() no-slip, and (d) symmetry
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Fig. 8 Mesh refinements on the (a) zy-plane and (b) xz-plane
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Mesh sizes Min. element size [m] Growth rate Number of nodes Number of elements Wake volume [m’]
Mesh 1 2.83E-02 11 396,928 537,269 9.84
Mesh 2 1.42E-02 11 405,036 544,830 9.97
Mesh 3 8.29E-03 11 419,125 554,701 10.01
Mesh 4 3.56E-02 11 1,214,428 1,507,004 10.26
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Fig. 14 Wake volumes with respect to longitudinal interval (d,)
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Table 2 Wake volumes [m’] of 25 models

dy [m]
V, [m3]
0 1 2 4 6
0 11.63 15.36 16.97 23.41 25.18
1 6.54 9.52 9.68 10.32 11.49
[ii] 2 6.75 8.67 10.01 10.95 10.95
4 6.89 9.23 9.83 11.02 10.98
6 6.95 9.29 9.88 10.16 11.67
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Table 3 Unit propagation index of 25 models

dy [m]

0 1 2 4 6
0.45 0.59 0.65 0.90 0.96
0.25 0.36 0.37 0.40 0.44
0.33 0.38 0.42 0.42
0.26 0.35 0.38 0.42 0.42
0.27 0.36 0.38 0.39 0.45
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Effect of Consecutive Ship Docking and
Undocking on Seawater Circulation in Harbor
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Approaching time to target concentration %%
state 8/ “dH], Connecting bridge of Busan port —‘?‘/“_H‘_] g Adztn
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ABSTRACT: In this study, the model developed by Hong (2012) was modified to describe the consecutive docking/undocking situation and was
also applied to investigate the effect on seawater circulation in Busan port by consecutive docking/undocking at the connecting bridge of Busan port.
Numerical experiments for various docking/undocking cases were performed by dumping the initial concentration within Busan Port and indicated
that the concentration in Busan port becomes steady state without numerical wiggles after sufficient time (at least 20 or 30 days). In addition, it
was found that the seawater circulation under ship docking was slightly reduced in comparison with that under ship undocking, and the approach
time to the target concentration under all the docking cases increased in comparison with the undocking case.
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Table 2 Grid system of this study

Grid Horizontal grid Vertical grid Model class
area system [m] system
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+20% + 10% = 100%) “"MeNSOn
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Table 3 Distribution interval, ratio, and averaged value for four factors of docking/undocking scenarios

Length [m] Width [m] Draft [m] Dock time [hour]
Interval Ratio Average Interval Ratio Average Interval Ratio  Average Interval Ratio Average
[m] [%] [m] [m] [%] [m] [m] [%] [m] [m] [%] [m]
120-160 6 142 uner 20 1 15 6-7 23 6.5 0-5 8 5
160-180 28 172 20-25 13 23 7-8 31 7.5 5-10 56 8
180-200 53 192 25-30 24 28 8-10 16 9 10-15 21 12
200-240 12 214 30-35 62 32 11-12 29 115 15-25 13 17

Table 4 Averaged value and distributed interval for four factors of docking/undocking scenarios

Length [m] Width [m] Draft [m] Dock time [hour]
Average Distributed days Average Distributed days  Average Distributed days Average Distributed days
142 1 15 1 6.5 7 5 2
172 8 23 4 7.5 10 8 17
192 16 28 7 9 5 12 6
214 6 32 19 115 9 17 6
Table 5 docking/undocking scenarios

Scenario Type Content
Case 1 Undocking Without ship

. 232 m x 32 m x 12 m x 21 hour
Case 2 Large ship max length X max width x max draft x max dock time

gt
. . constructed for 1 month using table 4

Case 3 Arbitrary ship (arbitrary docking/undocking as stated above)
Case 4 Small ship D m x20m x 6 m x 10 hour

(max length x max width x max draft x max dock time)
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Change of concentration for scenario casel
(initial concentration = 500 ppm)
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Agoize] Ast 8 AF B4

KEY WORDS: Artificial reef 13012, Scouring M|, Settlement 33}, Reinforcement R.7

ABSTRACT: Recently in Korea, a marine ranching project has continued to grow with the increasing needs of sea development. Management
techniques, including settlement reduction and scour protection, have been required for constructing and maintaining the artificial reefs of this
marine ranching project. The generation of settlement and scour can be influenced by ground characteristics. In this study, various laboratory fests
(penetration test, two-dimensional water tank test) were performed to determine the settlement and scour characteristics of artificial reefs under
various ground conditions. Three kinds of ground reinforcement were prepared: unreinforced, geogrid, and hybrid bamboo mat. Penetration test
results showed that the normalized settlement ratio of ground reinforced with a hybrid bamboo mat was smaller than those of unreinforced ground
and geogrid-reinforced ground. Two-dimensional water tank test results showed that the scour characteristics of ground reinforced with a geogrid
were more reduced and stable than unreinforced ground. The amount of scour and ground settlement also decreased with increasing reinforced area.
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(a) Site of square reef

Ground level

(b) Diagram of square reefs group
Fig. 1 Settlement of artificial reefs observed by diver (Kim et al.,
2010)
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Table 1 Physical properties of sand

Dy [mm] 0.26

D3 [mm] 0.33

Sieve analysis Dgo [mm] 0.47

of soil Coefficient of uniformity [Cy] 1.81

Coefficient of gradation [C] 0.89

UsCs SP

Standard Optimum moisture content [wep, %] 13.1

compaction test Maximum dry unit weight [ 7 g, KN/m’| 16.0
Sy

Ak B} o] W2 QFojx AlE EAS dolry] 93|
= B AT AHgE oz 23 o
o2 71 @ol AHSEE Aol E RYERE AASHATh
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=] %S

(a) Geogrid reinforcement
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(b) Hybrid bamboo mat reinforcement

Fig. 3 Concept of reinforced ground with geogrid and hybrid bamboo mat

(@) Unreinforced
Fig. 4 Reinforced types

(b) Geogrid reinforcement

(c) Hybrid bamboo mat reinforcement
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Fig. 5 Section of 2-dimensional large water tank

Table 2 Experimental conditions for design condition

<

l

Regular wave parameters

Artificial reef

Scale (1:40) . . . Slope
H T Depth Size Thickness Weight
Real sea 3.6 m 11.13 sec 15 m 2mx2mXx2m 250 mm 34 t 1. 10
Experiment 9 cm 1.76 sec 375 cm 5cm x5 cm x5 cm 6.25 mm 60 g '

All models are scaled with Froude criterion of similitude
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Fig. 6 Load-settlement curves
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Fig. 7 Contour line with respect to reinforced areas
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(a) Unreinforcement

(b) Geogrid reinforcement
Fig. 11 Reinforcement type
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(c) Hybrid bamboo mat reinforcement
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Development of a Hover-capable AUV System for
In-water Visual Inspection via Image Mosaicking
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A} mxjolAL B3 = AAE Y3
SHY EY AUV /\15%1 7

KEY WORDS: Hover-capable AUV W% B4 A& FF &5, In-water inspection 5% 7 AF, Autonomous navigation A& 34,
Image mosaicking G EAF0]7, Augmented state Kalman filter 57 “J8] ZTHEE]

ABSTRACT: Recently, UUVs (unmanned underwater vehicles) have increasingly been applied in various science and engineering applications.
In-water inspection, which used to be performed by human divers, is a potential application for UUVs. In particular, the operational safety and
performance of in-water inspection missions can be greatly improved by using an underwater robotic vehicle. The capabilities of hovering maneuvers
and automatic image mosaicking are essential for autonomous underwater visual inspection. This paper presents the development of a hover-capable
autonomous underwater vehicle system for autonomous in-water inspection, which includes both a hardware platform and operational software
algorithms. Some results from an experiment in a model basin are presented to demonstrate the feasibility of the developed system and algorithms.
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Fig. 1 3-D model of the developed H-AUV

Table 1 Specification of the H-AUV

Item Value
Dimension 0.97x0.83x0.37 m (LxWxH)
Weight (in air) 70 kg
Depth rating Max. 60 m
Max. cruising speed 1.5 knots

Thrusters (ea)

Batteries

Horizontal (4) / Viertical (3)
24 Vdc Li-polymer (360 Wh)
Max. 2 hours (per charge)
6-DOF

Endurance
Controllable motion

FEh Alo] PCO] 7% A AAE(IMU, AHRS, DVL(Doppler
velocity log), USBL(Ultra short baseline), GPS(Global positioning

RS23. medmmmmmmm—an A
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523, BMS B/D
- USBL LiN
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(Control PC)
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(Vision PC)

RS485

T 1

— Camera Tilt

LAN

Altimeter Tilt

IEEE1394

SCU
77 (User Interface)

RS232

Stereo Vision

Fig. 2 Schematic diagram of the H-AUV system

S
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Table 2 Specification of sensors for the H-AUV system

Sensors Specifications
Gyro bias: 3°/hr
MU Accel. bias: 0.002 g
HRS Gyro bias: +0.25°/sec
Accel. bias: £0.002 g
Freq.: 600kHz
DVL Velocity accuracy: 1 % +1 mm/s
Tilt accuracy: +0.5°
Freq.: 450 kHz
Altimeter Ranges: 0.15 m ~ 100 m

Resolution: max. 1.0 mm

Resolution: 640 x 480 (each image)
HFOV: 65°(in air)
Reference: Gauge

Rated pressure range: 981 kPa
Maximum pressure: 1961 kPa

Stereo camera

Pressure sensor

system), AL=A)2] A @] 3 HolH TAE AT AEH
2= H E(Interface board)E-& 3l 7]221Q 44 dlolHE
53, o]FA dofXl ASAE 7|Hte s FAEE FY, +
Ao, 8 ] 2z ES o] dargjEEe] gAE ¥, 9%
A PCAlM= 7hile} &3} 270d ALKScanning sonar)
FE Feh B 5 G HelEE Ao ol AHshs 948
T o] F PCAA AP H= 47| HolHEe2 Ba Al
TCP/IP(Transmission control protocol/Internet protocol) &4l
= &l TE o Aok E=3, 2R Aol UiFelM AzElH
= HelHES BUHY stal B8 A 5 220] 7bestESs
ZFo|2~8g 238 SCU(Subsea control unit)g T3HH2H,
ol & AolEe Fall WF PCE dZ2dT

37H7]' HHX]Q?}\E]' %
%HH% % 3l A A](Surge), %IO]
2 QA 4 W F
17152 3]E(Heave), E(Roll), -4 ](Pltch) 5 Ao 0}7]
AE Fez WA =AY B2

S8l 4421 3 18 52071 ARaesh A
o ol RAToZ GRAE £F Aot A5AA, 4 &
Ae Y FAo) AR Fol B 9 AL AHoR oY
2 5 Y FOTA F AARE ACIBRY 9H L M5
g Fa9nt

@3 719k &% 9 W &, SLAM(Simultaneous localization

and mappmg-‘ll oA 2Tl BApelH FAIE =71 A
o] 4 dargFel AdH g 1 F, B AFelME 7t

A 718420 el ASKF(Augmented state Kalman filter)
(Garcia et al, 20025 &&3ch A L&A E=(Pose)ot

Image, i Image, j

} }

| Feature Detection | | Feature Detection |

Feature Matching ‘J

Outlier Rejection

Homography
& Covariance [—*

Estimation

Fig. 3 Block diagram of the ASKF-based online mosaicking

System Dynamics
Model

Augmented State
Kalman Filter

Relative Pose Absolute

Pose Estimate

Measurement Measurement

AT A=vk= W(Landmark map)S F85H= YR QA EKF
(Extended Kalman filter) 7]1¥ke] <ag]Fd= 28, ASKF=
A G G5 ARelA 9 oizﬂ ZZ2 AR A HE
ZFAA A 1tk Fig 32 54X I8k G4 W A
< X33 ASKF 7|9k 2214l -‘?—7‘]'0159 dargge] AA 7=
£ =AISH, Zbzbol] tigk die] B &S Sl oItk

3.1 =4 ZHe| sAlst
ASKF 7)uF 24& 93k %C} )53] #E](Augmented state
vector)®] TZE olgl 4] (1)7 Zo] Hejwrh

Lo

X, = [XT7 X 7X01] ! ]

714 xTE SBAY A T2E T e 1
e = ,k— 1}% JAF
1 52 SR wAH 5D ) EaE

g
3
=
8
S
=
=
[¢]
g
R
t
B
1> =
CS)
Yo
(LN
o
ofN
ol
it
ui

P’l“U Pv.kf 1 PI‘.]C* 2 T P'l\U
P= Pk;l,vpk—?k—lpk—?k—z'A::Pkgl,u (2)
PU‘U PO.k‘* 1 PO.k‘* 2 PU‘U

q471M, FE FE P

uramu P, 9} P, .E -}-} Aot A E= ko] 8, i

rlr
N o
ol
X
Lo
et
2
b
N
2
i)
o
oK
M
=
ftlo

L%( ())E ASKFE: 591 54 4 Wz Al Ao,
ol At WE Helg smos EAe &% PHAL W
A% e s mHsY A @9 2tk

=ley2yl” €

X.U: [TZ/ZdJ]j:f(XL, w+w @

A7V z, y, 25 3R A 5A|e



Development of a Hover-capable AUV System for In-water Visual Inspection via Image Mosaicking 197

Z+e Ytk 183 ue Aloldd HEE ov]star A ¥
H we Alzgol] ZHgshe ot o3 feog, Wik 09
At X E WETaL 7R,

& ATolA= ASKF 7Rk F4& 98l A 71 #HEA
(Local reference frame)ollAl 59 43 A AXE o]

st Al AR ASd 3 9Yo] EAste T I 119 vl
AE B3 LolA= A T2 ASE E83E A= digh
A% WAL ofelsh ol AT,

z =z, +v, ()]

(1o 7% 0.02m) 0.2 HA3IST

g, A 22 ASS 9 ] viAe T3 dojAH o]
B Al 22 wslel nieAAel 2 Wsle TPk ¢
AR 22 Wgle] t AS B, AS 2 aga AS
FTEARS 47 b3t o] Aodn

z = [Zk.k—l}z [Ark,k—v Ay A¢k,k—1]T+Vr ©)
H,= [13_130"“0] )
Rk = [Elk.k—x] (8)

1714, A o1s MYy Awk,k—ll‘f 22 kAo k1A 9
po e BER AUH 4, A9 M5 MskE Uehd
v ASF e R, Bk 02 At S0 7t
At 183 L+ 3x3 SAES YeRdth
A 499} fASP A 22 Wal) BEH

HyE=
R =y

& 0o B5 mAE e 22} ohlsh 2ol HelHek
T
2=zl 2l pzl ] ©
’13—13 0 --- 0
L o--—-Lo
H = 3 3
k 13 0 0 _13 (7)
EZMH 0 0
z
Rk: 0 Zjgi 0
0 ELM—,

A7NA, g, = KA} L—WA G4 2be)
= e Uerac

3.2 EAE 7|Et ALl =X 2=

o

gk o] Aoz HE 9 B Zd(Image registration model)

< F5t, o|2HH AUl 2= HARE A7) 9l Y vl
Aol HEHTE A7A, dojA= 2 Gl EAlsk= 32
Bl Eele s sMEt viEtEE v AR(S,
H—AUVQI 1E) o Hg| FuiFer Arh= xxlo] 7HgdTh
A soll, SAH 7 A 2= 85 AL SHA
%, okgtolo](Outlier) AA B w9 34, 4
T o2 S
Aol ou] e EAHRES 47] 98t SIFT(Scale inva-
riant feature transform)(Lowe, 2004), SURF(Speeded up robust
features)(Bay et al.,, 2006), BRISK(Binary robust invariant scal-
s A8 E3H =
ot Utk B AFoAE FE2E B
R o] iAo s mE AAEEE T
= SURF alg|g= 83t
T @A HEd A4 EAAHE 9EE 71EAHDe-
Scriptor) e 7he] 7] miY A= obxgolojgta EEe
gt o33 (Correspondence) & 3 4 Qlot. o2l oF
Ta]-o]cq £ 73A3HAl AASE7] 213 RANSAC(Random sample
consensus) ¥ilZ]E(Hartley and Zisserman, 2004)°] 482
T At Fig. 4v x7] WA AFollA EAsHd ofxgtolo] %
E°] RANSACSY] A-gol oJ3] AAE BES Uepdnh vt
o7 opgto]oj7t A AR N FAl F QlEke]o|(Inlier) -
HE 249 A 3]7](Orthogonal regression)E 53l 9 5
2dQl &7 I3 (Homography)”t Al T
P mY HEE %SH FAE ROy ERY g Ee
HEf e} Azt Wstge AlSshy] fls Ex ey £l (Homo-
graphy decomposition) 7]'H(Faugeras and Lustman, 1988)°]
Agd. o] Wl &%= 4 M WEs 27] REA(Scale

able keypoints)(Leutenegger et al., 2011)
daEEse] A

e 4Ey

ambiguity) ] EATIEE o] F PIE welZ W@sl] S8 shy
AEAZEE ol LEA ) AE(EE A Az) Z4)

of shulgte] Ul w) WS AR R FH) JRE BEw)

(b) Result after outlier rejection
Fig. 4 An example of pairwise feature matching



198

Water surface

Seonghun Hong et al.

[Side view]

Fig. 5 Overall configuration of coordinate systems

7|ZEoE Aoyt HER olF 7l—r JJrJJi RS I o A
ddeo] HEA W] HEHATh Fig 5= £ ATolA
Bl Fsh] Sl Aojd AFAE v
ERAT Fig 500, {r}S 4t FHS 2% AY 71F 1A,
{.}= A GF A, 23 ()= SAH HEAE o
gt} o7|M, B4 HEBAE DVL-2A HEAZ Ao HAck
wpREko 2, ) 22 AlS] gk 22284 8)3 4 (11)¢]
AZ FE4HE Haralick®] 7% (Haralick, 1996)°1 2J3F &= 712
I w7 W FRA] 13 FAXE At 7 4 Atk
-4 7|
&

33 F
1%]_ A

dRbzo g, 229l BApolY) Es
oA T ﬂ]aﬂ(Loop-closme)E -
TR A e 2] Fx-aHE

9]r 718 7L ™ W) BRE Zhe ]Ejg}p_i
AR RS HAD 5 Atk v 5 B0
A AA 2o ) Y 7k F-HHf o) 3
2 o9, olz <l Fx-gHe] WY It 2

%% eA W L WA B FH Aol

MD} B AR E 52 S A Al 525
7% (Hong et al., 2015)< =%, 283}t

% 718k SLAM &318]
%&ﬂ EAZ 7=3E
x| W

o 2 10 Jki reh

4. % o

ot

2 Zu

4.1 AE ALz|2

e Az="e] 2-e W g 2Eel 2Apold dagEs
Bl=Es}7] 9fsl, Fig. 60l AAE Zo] 15m, & 10m, Z—lol 1.6m

o) Fol=E A oA Wi A R B ol A A
1:1 ] TEEQ}}\E]'. )\E]U-ﬂo] TEE%_ fl\‘-%’] H]'EJI-L_\_ ;%‘60:151’% ‘U‘H
o 3 o] 495 Solddl Hir

Atk & Aol = o2’ = nigH] gk

H 3
it
]

2

10

of
x

|
o

3

{1} X
T
y.[;o‘ Y £ ,{Vk}
{Ix—i} T \@
T
¢ @.. .,- y
kajz I;V
>y [Bird eye’s view]
{Rr}

Fig. 6 Expenmental site: 3-D model basin

LuelE 7

& BAelA
JHE AL 2

}:._Q_
o=

AFH BY 55 P fAD
RO FPSII ol Mo AuE Ay
sfefstad seick

A& PPE 5 vlolE] A5 4P Aol HAUVE] A4
S Qs AT F Y= AS Gl AT A4 5] 9
s g, X9 27 AAF
Aol B2 AAl g4l S HAUVE]
ket 2k

0%l 7PaAl =73ttt o3 =

5 Pe

T wcos () —vsin ()
% = |v|= wsin () +vcos(¢¥)
U Z w
b r

+w

A71A, u, v, we 242 DVLAA o o, y, -5 W&
AEEE YL »& IMUYA ASE & 74
™, o]g2 EXel it Ao dHo=AM AREEIH. A3
3 A AgE Fo] 7m, F 05me 2] 7h7] o) %(Lawn
mower pattern) 4=2E ¢F 0.5m<] A8 FF317]
el ek oz de] ALEE PID Alof7]eh 4 HHH 714
(Fossen, 2011)& A&t om, &2 FF Aoj7]d tigt AZ
AR 2= = Y (DR, Dead-reckoning) 714 2-D 9% 573
2ok ot Aol A= AR FEEJT Fig. 72 tlolH
A5 AYelM F=5 FHeE A7) olsd 2D AL,
Fig. 82 AlZtol| @& Ax=Ale] Ax #A2S =T

=
AES



Development of a Hover-capable AUV System for In-water Visual Inspection via Image Mosaicking 199

Dead-reckoning result

Width: Y [m]

Length: X [m]

Fig. 7 2-D dead-reckoning result

Time history of depth measurement

o
©

o
o

A T T e Y Y

o
=

Depth: Z [m]

o
)

0
0 1000 2000 3000 4000 5000 6000

Time seq.

Fig. 8 Time history of depth measurement

=y
| gFxe 45 9 ANz"S ZtA X
Aol A S 243 Hefalr] AT A Z‘—;]EH A
AEE de 7 ik 1eEE Ao Aozl 7IRke.
Z%(GBA, Global bundle ad]ustment) 7 ]%(Saw}mey
et al, 1998)% Zlgstal o] 25E Aozl Az ow HZstH
224 AHE 8% vlaE 9% 7% A% (Reference trajectory)
o= Z_}—r?}‘:}. GBA &arg]Fell thk H-§ e<(Cost function)
< T 2k

N,

argmmH Z Z I H" -

DML IR (12)
A7\, g e AR e AR G4 o] EES T
o FHEA moE EYAZ= A TR 13 (Absolute homo-
graphy)#— UERAT

GBA ¢a8]E2 ZE 75 %
Ate BE o H3HES 1 }04 7 Es 25A) 9
ARE HAYHo g HHse 4 Uk 2] (13)2 J—.“é‘ 92 F
et AAe =EIDL o5 nE Wele) Aoz Wl
7] &l Zivigte] WE ujsl) W AR} a=AE ASH 7

wgte} =2 vig k) A ARIF EEE AT

ol ) olze

_V{-Lo

S £y =
49 Fa) ol =AU 4 HolHE ol gate] T
A £E% ASKF 54 AsHehera A2 vl 94) 9 GBA
o ol% ATHAA 2 vl AH), 22T F2e 0% A
SHAEA A7) 2be] VIE Fig. 90 WLk o714, Wxhal A

Trajectory estimation results

g 5"&?&‘50}"1

‘M' i

£ & LB .w!.\!‘,-
§of q;?vi?m“ \‘Nﬁn
2 ,

~4 r

Meas. links

Length: X [m]

Fig. 9 Comparison of estimated trajectories

Fig. 10 Resulting photomosaic

Table 3 Performance measures

Method Error [m] Ratio [%]
Dead-reckoning 1743 100

ASKF 11.62 66.7
S 94wk gho] HEH oz Fo] FaEol(FE A
W), 90 LA 9T ASAL A FEE 2B 73
el A GBA Aol MTae W 2 EF 94T B
9l Whel, ASKFol o @ 4 A 54| REs] G4 1
o wqo] o oRA| Fd YR Fele Aslsinr Ao
2 2 apgel wsl AR A4 =2

?ﬂz-*] —ir;‘é ARSS AFH o Hrlstr] fls GBA #HAL
f22l= A2l (Buclidean distance)E A4HIHAIL ©]
9] && 2 H==A A3l Table 39l AABIATE A=
3} A3, ASKFE A-83F 4 ZAA7t = el tis oF 67%
o] 22t H&E 73S ERIF & Qlth
Fig. 102 Fig, 9914 ASKFel o] 4 = og
22421 BAjo]H o] 51“3351 Aioltt. o] FAHHE BTN e
ZAREARl A FEA e A&AHH HE 4 A
o AR os ”Lﬂ.—ﬁi—v— A#7} E%Q?i%% eI 5 Aok

rﬂ
]
)
I
tlo
\
z

3t 5 HAAE 9% H-AUV

12]&e] sl s ok
d Lol o) &
% l:—]]Z:E_o]J] 3 32}" AU oA A& g R

Mo >
3!
oy & o
=
m‘i
_’ﬂl
e
E
l
>,

i&

X,
off
He
p



200 Seonghun Hong et al.

AR F% AT A3 vole A5 Age] +UHUT, ol
2 = dolels B4 HolElE o AH A% Fx
Higel] tigl mxjo] Azt AAE . A HH3} dare
9] Aeote] A7 wus Tl F= T wisl HAH F
B AS=T) FeEe Fdsilal, A3 2Apola Fde A
FEolAe] AE g Tl A8 BHANE HE2Ee
AdE dS T AUk

kA 7143t SURF E44 7|8ke] At Xz AZX= A
640x480 =719] GAS 7|FEO R oF 3fpse] £E 2 Al4to] 7}
SRR AaR A 22 ASAE FA] flsiMs 9
ol SEF T4 9ol FHE oo} stez HA| 2§ 7T
Aol olE SE= ARHL ¢ ATk olHF 4T T
A F= e Ast §lo] sk fsiM= :L‘D’H”:,J
}2](GPU, Graphic processing unit)©] —r7 } &= % GPU
FAlEle] Mol Bad 4 otk Ed, ASKEY|EE 34
2o wedt 488 94 A5 B ) Be )
s} 27k Qe QA A ol FRE AN 1A
B 4 glomz FF ATME HE AR A
(Submapping) 71|t E -T2 3Z(Pose-graph) 717k} A AIZE

2271 (Smoothing) ¢I1E]F(Kaess et al., 2008)2] 2-§-o| H}&
2g Ao g JdH

ok
J
r o7l
r01' o>

P!

e

of o
)-: (

AC)

MoE e NN XN o
MWK W oo
W

o] =& 20153 kAR ZH do=2 gk g Er|ezl
= A AEEE 9
References

Bay, H., T. Tuytelaars, L. Van Gool, 2006. SURF: Speeded up

Robust Features. Proceedings of European Conference on

Computer Vision, Graz Austria, 404-417.

Faugeras, O.D., Lustman, F., 1988. Motion and Structure from
Motion in a Piecewise Planar Environment. International
Journal of Pattern Recognition and Artificial Intelligence,
2(03), 485-508.

Fossen, T.I, 2011. Handbook of Marine Craft Hydrodynamics
and Motion Control. John Wiley & Sons, UK.

Garcia, R,, Puig, J., Ridao, P., Cufi, X,, 2002. Augmented State
Kalman Filtering for AUV Navigation. Proceedings of IEEE
International Conference on Robotics and Automation,
Washington D.C., 4010-4015.

Haralick, RM., 1996. Propagating Covariance in Computer
Vision. International Journal of Pattern Recognition and
Artificial Intelligence, 10(5), 561-572.

Hartley, R., Zisserman, A., 2004. Multiple View Geometry in
Computer Vision. 2nd Edition, Cambridge University
Press, Cambridge UK.

Hong, S., Kim, T., Kim, J., 2015. Underwater Visual SLAM with
Loop-Closure using Image-to-Image Link Recovery. Procee-
dings of MTS/IEEE OCEANS Conference, Genova Italy.

Kaess, M., Ranganathan, A., Dellaert, F., 2008. iSAM: Incre-
mental Smoothing and Mapping. IEEE Transaction on
Robotics, 24(6), 1365-1378.

Leutenegger, S., Chli, M., Siegwart, RY., 2011. BRISK: Binary
Robust Invariant Scalable Keypoints. Proceedings of Inter-
national Conference on Computer Vision, Barcelona Spain,
2548-2555.

Lowe, D.G,,
Invariant Keypoints. International Journal of Computer
Vision, 60(2), 91-110.

Sawhney, H.S., Hsu, H, Kumar, R, 1998. Robust Video
Mosaicing through Topology Inference and Local to Global

Alignment.
Computer Vision.

2004. Distinctive Image Features from Scale-

Proceedings of European Conference on



kg

—SH 001:%,_ =

[ Original Research Article

52 #3028 A3%, pp 201-207, 201613 6¥ / ISSN(print) 1225-0767 / 1SSN(online) 2287-6715

Journal of Ocean Engineering and Technology 30(3), 201-207 June, 2016

http:/ /dx.doi.org/10.5574/KSOE.2016.30.3.201

Process of Structural Design and Analysis of Thin Pressure
Cylinder for Shallow Sea Usage

Jae-Hwan Lee, Kothilngam Maring , So-Ul Kim, Taek-Chan Oh™~ and Byoung-Jae Park

"Naval Architecture and Ocean Engineering, Chungnam National University, Daejeon, Korea
Graduate School of Naval Architecture and Ocean Engineering, Chungnam National University, Daejon, Korea
Korea Research Institute of Ships and Ocean Engineering, Korea

=z = OEO
A& gfe 2 Adre] AAle} s AA
oA - ofsiuk” - AL - - g
‘Fista Aute)oastat
SEthstw Autel st st
TR g e B Muke| g EREd T A
KEY WORDS: External pressure vessel $J%-&7], ASME BPVC $4847] Structural design 7247, ANSYS FEA 324

Near sea 3l

ABSTRACT: In this paper, an aluminum pressure vessel (cylinder) for a 200 m water depth is designed and analyzed. Because of their lack of
usage in the deep sea, only a few papers about pressure vessels subjected to external pressures have previously been published. Moreover, the high
level of imported external-pressure-vessel products limits the academic pursuit. Yet, research on internal pressure vessels is widely available because
of their broad usage at onshore. This paper presents the process of basic designing and modelling of pressure vessels using the design rules of
American Standard of Mechanical Engineering (ASME) Section VIII Division 1. To promote understanding, finite element analysis (FEA) result of
an existing sample cylinder which was not designed by ASME code is compared with the design obtained in this paper. Several methodologies are
used for the finite element analysis, including rectangular, cylindrical, and axisymmetric coordinate, to attain an accurate stress result. Same
dimensions except the thickness of the cylinder and loading condition of 0.200 MPa was given for the current study. Finally, a rigorous design
procedure is added for the bolt and boundary conditions of the cylindrical body and its ends. The obtained stress level safisfies the allowable design

stress value specified in the ASME code.
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2} /13 (American Petroleum Institute(ABS, 2010)) A= Z}A|

glon} Ak

A

TEES AABIL dou suelie 24 g 2okl A
8710l B A7 EEE vl HL Holw tigo] Haf 8ol
obd 6,000m ©]’¢e] Asl-& £Ihg7]el g A7-Eoltt <Ist
71 %S e dHErIE Rdes XFE, fFAE A
%}, WS, 28] T HFHoE vHeelRl 872 el Ad

T UAEE A, AE 8718 eItk RS A=, o=l
AE 6000m F A *17}01 65000] 7S 9% Q8]
A7} Q J_(]AMSTEC 1991), =WollA= Asli& 4871 &
T Ado) BEHY (Shm and Woo, 1999), ol= B4 tl-$-
ZXoA 43 %%*78 60002 7HEsk7] 13 A7k Jeong
et al.(2004)2 6,000m F 94 "o‘}% doll tial ANSYSE AH8-3t

(EEad =3 MY sy TEslA AskE dglou, g

L
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AAF7} S8 AEHA ot AFAAA | vtZ ARgstr]oll=
F-Z3 ol Utk Jeong et al.(2005)2 EJERF Ti-6Al-4V A S 2

& AlSAE 87] A HAEA =RAE FEY, A4
&4, AT FAY SEHT tis ANSYSE HA 35 43
SIS TE Jeong et al.(2006)°0 &g As|arA slidoA B 5
ZAA7Y JE 4F5F AU i AF, wAdd, 25
A& AlLFAh Jeong et al.(2007)2 Ti-6Al-4VE ASZ g
AEA G F-8717F A, A, AREEA G Al <%t
AolA AP o OHﬂ%ﬂ/I 247 | oA
375mm) A& Ho] $Zg o] ATt Cho et al.(2007)
< 53 A5 HAFAEE AARste ATl s AolA
NS s 2EHRIA ] E HYSs ST e
= Sk A 879 FHZFsE dAelA Hol/AAN <l
/D, &} W/ FAN Q1 v/t 4741E St gFe AYne
I/D,¥I7F YAHI(G) ol A o] &4 FIFassA A
7b Zkel7b fles Eoli vk e BAgAe] {7 o
sk At Aax Hola itk
SF Adr= AEst 4% 8] obd A (Imperfection)
AL gle, ol& H&% FHZFsF ANt =EE0] Utk Kim
and Kim (2002)°l&= £2g Aol & FA=24=E A3 F
A7t 37 G55, dojet AR} SIS ade] =
Z5 %03, Ross et al.(2004)%l= EAA7F e B3 A
A3} o]29] HmelA o|& HZFHTIF Al vls) A&
Holu Qv mZF Ao R AL RAAE HE2AE St

of o] & HIth Little et al.(2008)A &= 7|5lstd o=
Agte] e WY n Y A3 fassH S Hlaskth
Aol7t F& 75 o] &3 43 A YAEHA] S Holn
Atk Prabu et al.(2009)1& o] Feje] Aol A= gk A
el tigh o2} x5 Bolal Qlth de Paor et al.(2012)°114]
£ 71818H8 Aghe] e AL WEe] AINY S SHsa 4
P FHass)y AAs nlaste AR 2 TS st
ATk AT o]HF =EES ASME AR HEE o8
2& A gste] AABIAT 5188 kAol gk Aol
Tl sl WEskA7t gt

B AFolAE Hallg 200my 2SHE71E thdos dA 9}
AR LS AAHOE FATE A Sher 48]
AA 23 ASME Section VIII Division 1 774 7|28 3o
Z718AIE koL ABS 1149 88893 vtk FAZL
SFe Qo879 H=elE sksel AAXH 80 Bl =&
HAD fFEassios Rl AUy dde] Qs
ASME 780l oJ3tla, Adrie}l GlE dAdsh= BEES A
FH e s RdY Wy, T8y T e AR HE A
=1 T= AANHAT. =g, g 03 f

“(Axisymmetric) -
s s PHoEE AdE Ao 32k s} nlasklth

X rlo
HI

rl

2

2. 200m & 2LAlZIE A
2.1 ASME T1&0f 2|5t Al2ir] A7

Hag AUy A9 3152 20bar(2MPa) 0| LZ 9] F-3}150]

Fig. 1 Aluminum cylinder CR_200 (base model)

Table 1 AL 6060-T6 material properties

Min. Tensile Min. Yield Max. Allowable Safety
Strength (S,) Strength (5,) Stress Factor
[MPa] [MPa] [MPa] (SF)
290 240 82.7 (S, /35) 29 (240/ 827)
206.8bar(20.68MPa)7}A|  A-8-3k= Division 1 ; Rules for

construction of pressure vesselsE #-§3tt} o] A9 Fag
L4+ AAI8 4 (Design factor) 2A], AR o] HTiQ17g-3-
ol SH’E—‘ ;91%6]- S, /3.5 o gHoFH| 5 = A83) 5/15
oA 22 2g P} & AFelAs Zojet el th
@ 83l Aol Slo] olm Ao AL UE Fg 19
200m-& LFrlE AY87]9] Aol 7|23 ©] Base model
< YFERF AL 6061-T6 AAZ Zo] 748mm, €17 288mm, F
7l 75mme] 1, YE EWA|(Flange)7t fl= BH e Fejolnn
67le] BEZ mAHY Ytk

Wek87] AANA 25 kol o AHgEEl - F=Zell
gk 1 E ok Sk ASMES] Wih87] AAIF =21 BPVC (Boiler
and pressure vessel code) VIII®l= 370¢] Division®] $1th.

Division 1 ; Rules for construction of pressure vessels

Division 2 ; Alternative rules for construction of pressure

Division 3 ; Alternative rules for construction of high

pressure vessels

& A7l E87]= olv] A8 F<l Fig. 1] Base model ®]
dole}t AR FE AHESIAET, ©] Base model®] AAFA -2
dHZ Zo] glar ol BAgA TS kA v @] Al
M7b AA B A7 ok AdL &FrE AL 6061-Teo] .
ASME THA A e 87] A dl AL 6060-To Hh 318822
Table 10141 82.7MPa©]iL FdAIG= 2.9°]th

ASME THgel o3k AA A2 oh53 Atk

1) £ 29+-87] AAlA 217 D =288mm, Zo| L=748mm
ojlt}. Adt] 7] FA(nE Yel= Bk, p /ot /D,
< Ttk o] W, D/t<20%0 AY, FAL 4EH 8701
D,/t>209 73-F, gF b9 &7|=tal gtk

(2) Fig. 29] ASME Section II Part D] Subpart 3, FIG.G|A]
Factor AS 73t} o] w, 1/D, >50019, /D, & 5002
Ela=2

(3) Fig. 39 ASME Section II Part D2] Subpart 3, NFA-12¢]|
/] Factor BE A3t}
2 AAlAE A ()4 7] Factor A9 3 LFu]F9
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Fig. 2 Geometric chart under external loading (FIG.G, calculation
of factor A)

T T T TITTT T T T T T T T 120
GENERAL NOTE: See Table NFA-12 for tabular values.

100
90
80

70

Up to 95°C
160°C 11

1A

60

AVAN

40
35

A

Factor B

©)

69 X 103 2

m

oo
=
<
x
2

60 X 10%+] 20

16
14

12
2 34567(9) 2 3 456789 2 3 456789
7001 0.01 0.1

Factor A

2 3 456789
0.00001 0.0001

Fig. 3 Chart for determining shell thickness at design tempera-
ture (FIG. NFA-12, calculation of factor B)

eHdAIFl W} Factor BY @& 78 4 Uth

(@) ASMES] 1780l 27k 2} (1)~2)°llA 2} (1)l 2lal s1&
sk(d9) P& 7skal, AAUH ] 20bare} Blw gt =3 gF
= 8719 Aol A )l FA t @ = AAS B
tidste] gkel & YAF(Circumferential ; circ. or hoop) &9
,°] Table 19] 3888 827MPacl =Z3IH=A5 F<ldith

P, =4B/3(D,/t) @

o, = PD/2t @

2l @)ollA F& FetEo] AAUYRYG A& Aol &

Table 2 Dimension of cylinder

t D, D, L Internal 2, External P,
[Mm] [mm] [mm] [mm] [bar/MPa] [bar / MPa]
46 273 288 748 1.0 / 01 20 / 20

328.80
78.
|
\
\
i

f
N
\L 20.40

f
&
%
4.60

Fig. 4 Drawing of cylinder (new model)

o] ZAY F wWi7kA A ()~@)E "HEsH, 27 FAE F
7RI 3R P g WSS A 1] jhe]l bW 2 (2)el
ol AF8E 0, & FIE o] W, o, ] Fke] Table 19141<]
§&-eHET F B9l 2AY e o) 7HA 7] A 19 #%
< VM7 HE (1)~@)E HHEEt HE FAE AAe
B ojqher)e) Al 79, ASME 4ol 23] A FA ¢
=4.6mme|t}. olu|, D/t =63, I/D,=259°| 2% Fig, 22| 12|
Zo) A AAE gh& el FactorAZS 73 Factor AE 0.0009
°o]al, g+ Factor A2 %1 0.00099} LFrF eA3AF7T 69x
10°MPa®] B2 Fig. 32] T Zo|A] Factor B #k& F3HH 1
& 300Ith &EF, D/t >20 o]BRE gRe 87l sfgii
o] F84& A 24H Al 2 (New model)2] |- Table 2
oF 231, Rt p2 87] W] thr|qtelth. =W Fig 4
o} Zth

2 (1)2] 3e4E P2 Fho] 294MPaZ AAU%E Q] 2MPaR
o =27] wZel kg Aol A Q= AT el &
B-ggo] & w7hA] i 4 e dEEFES A7l o o
g p,)e 7L F At 987 A5 AL 6061-T62] =
€¥(0,,)°l 240MPa®lE&E, P =0, x2/D=79MPa ¥ vl
o] wAZIE ASME 8l o3k AAleA A <1788
290MPa°ll =238k ak5(=)S 9.6MPa(+4 960m) ©]th.

22 z=ZdlE Al
ghe ¥ AL 2Rk e A, B4kl w2e) W
J 3] A

of Hzol WY 4 Utk wetd WA HFoEL AEh]
PAe

N

]85s3 vlaste] =l Uik HFAFS 1T Favt 9
o, Z=sks 4FE o] 2] von Mises buckling pressure 2]
(3)7+ ZTHLittle et al, 2008).
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Fig. 5 Lobes for buckling analysis

Table 3 Comparison of buckling load of new model and base model

von Mises [MPa] Ansys [MPa]
t
Type [mm] Buckling Design Buckling
Load Pressure Load
New model 4.6 217 294 29
Base model 7.5 7.32 14.84 10.01
Et 1
P o=— 3
TR (2 —1)(n?/(nR/D? +1) ®)
B 2 m'—1—v
e =)+
12—/ R [(” R 1
A7NA, P& HEUE, = A9 7, rS Add 9B E,

L & A9y Zol, Ex BA4AST, v EokEH], ne No. of
circumferential lobes ©]31, 4] (4)2} 2t}

B 3(nR/L)*
"N 20-2)R) @

Table 298] AHE AAFF)E 2 @)l AHE3HH, n=30]1,
ol H=d52 £, = 217MPa(21.7bar)°]t}. FH ANSYS #
Z34 22 Fig. 5914 P, = 290MPa(29.0bar)e] Ut} 2] (3)
9] o]& A=} ANSYS Linear buckling ZA¥}+= Fig. 59} Table
3ol EAIESTE o] 220l o3 HZFsHE2 31835 29MPa
"o} Zou} AREEEQl 2.0MPaRthHE At 4 (3)2 TVt
gk Ao 2-g3h= 4] 2 2 Base model-> New model 2.CH
A7 FASEZ ANSYS 4 A3} 3k} 2}o]7) =tk Table 3
o= 71 A= A™ Base model A-T Ol gt =55 E
2= o] Utk

2.3 S &4

ASMEd= o2 Felo grirt A7)Eo] gk B#HFog
AREEE SATE e oY Add & €9 9UiE Fg 6%
2t} EWA &} HE A= ASME  Section VIII-19] Appendix
28} VIII-29] Appendix 391 #4A|8] Avg H o] it} ASMETH7

Fig. 6 Flat head selection : circular covers bolted with a full-face
gasket to shells, flanges or side plates

of ot 2 (5)oll oA @M Ha: FA ¢ = 23.6mme]th
Gasket2 I E A it}

t=dJC- PI5+ E &)

o714, § & 3889, E=1)= Joint efficiency, P& AAINE,
C(=0.25)= Coefficient depending on corner details, d += Effec-
tive diameter ©]T}.

24 EE &7, M6 EEETS} £TH

ASMETF4 e 93k BE 2| EF9} Pretension] TAIE 2] (6)
7 2t} Meoll &3 EF EF(Standard torque) 77} 5.2Nm,
Standard axial tension £, 4,330N°|th

F,=T/(K-d) (©)
o]7]A], K& Torque coefficient, di= Nominal size of screw ©]
ok 371 Aol oal AF" A 8712 G(Cap)o] A€ o

+ Table 4%} Zth

Table 4 Comparison of new model and base model

Type t d Cap Thickness
yp [mm] [mm] [mm]
New model 46 288 24
Base model 75 288 20
3. FSIQAGHA

&XEg o] ANSYS Workbenchell 4 AH8-8l= Ao S/
+ =A Global coordinate systems, Local coordinate systems,
Working plane°] It} #EA|e] T/l wet W ¥ F89
I HPE  FTAZE Db Wil ol Ady 4 Al
© 2o A FHulely dAo]l Fasl, & siHelM=
ANSYS#] Local coordinate systemsell 4] 953 &3 7)(Cylind-
rical coordinate)& AME-SFATE ¥t s A Aol He A
24 AUbE 229 @ v 7)1 2A AGFHEE AHESHA 5
A 39 4 dAE sk vl ol &l BAsA Ak
g A5H HAFAE AR &Y TR WA= FAb
& ZAZE DAL Uk ol vig As Fke] A A
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VS|
ax)

o

83 & o A stk

A

3.1 87| FPM(HSE ZEA)

453 A= A FH3A 0 HAHAANREE 0] Z (Z
2 h)E AMEEH, (r, 6 2)E o] 701Xl 3aHd HxAlolth o] A
5y AuAE ¢ & FAOE OIS 2= Aol 7838
t}. Base modeldlAE BAN7E £38E 0] 921} New model
# vlwelr] fE BAAE AL AUUvhS st
New model 3|4dl= 9@ BEE= XgH A &t} 2l
A AR 24 solid 842 8630471018, BAXE &En|
F 6061(E= 69GPa, v 027)2 A-&3+9lx, 9he Ader}
e R &2 BondedZF AMEESITE Bonded 271
< 8% 22 zxo® 4 A BoRH v dayol
A= A8 ASFsN otk AAZA-L Weak spring= 501 3|4
skt sl 20barol] thk 842 7= Figs. 7, 83 2T} Fig.
7@t (b= AT 2EFAH Y ZHiolH, Fig 8(a)<t
(b)= SFH(Axial) o] 2~E#QIH &9 A o]t} Table 5914,

(a) Strain (b) Stress
Fig. 7 Hoop direction strain and stress values for 20bar

(a) Strain

(b) Stress

Fig. 8 Axial direction strain and stress values for 20bar

Table 5 3-D analysis of new model

Stress [MPa] Strain [107]

Internal External Internal External
At Hoop  63.63 61.68 0.74 0.71
180 mm  Axjal 3176 31.85 0.15 0.15
Hoop  63.66 61.67 0.74 0.71

Middle
Axial 3181 31.81 0.15 0.15
Cap - 50.12 61.88 047 0.57

MEA A AAE A7 Q] 3-8-3Fo] 82.7MPa¢|EZ &
Agteltpa & 4 ok

3

AEE gk ER1 HERE FYOE 180mmel ol A<}
A9E 2 AL el A0 S92 A viREEn
A= 63.63MPadt 63.66MPac]il, 2|F-EHAE 61.68MPa
3} 61.67MPac|t}. o] 8719] -] FA7} gFobA Ui R-EH
oJFER A ] 3 o7t HE ik "] - FFelA
e ] 32L 50.12MPac] 1, 95| §3-2 61.88MPa
otk

A

p)
rr

3.2 SoHE =t=A

ANSYSOl A 01 292 X-Y planes 7|F2.Z 514
A<l 3-D 2d-& 2-DE Teslate] ARgsh=t], Xkl
o] Ht o] i8] A9E BER st &g
Aol HA| Xtug EES A|9g AU EA] 3|44 f-&
3lth Fig. 9% 8471 290991 Ui % Rd™o| sy
20bar(2MPa) wjoll, Table 60114, AW oFere] E2l Gz
FH FUY2E 180mmel FollAet AdT S 91AQ ZolA
o] Y3k e Zhzh YREHo|A 63.58MPal} 63.65MPa
olal, YRFTHAME 61.76MPa 61.70MPac|th. Q2] 7%
WEEANA 49.91MPa, 2JEEHAA 6152MPaz A8
EAE A3 Table 59 329 24 34 Axel YRrEHS]
50.12MPa, 9|5-EH A2 61.88MPa2} F-AlsItE.

N =

o

Fig. 9 Axisymmetric model of new model

Table 6 Axisymmetric analysis of new model
Stress [MPa]
Internal  External

Strain [107]

Internal  External

At Hoop  63.58 61.76 0.74 0.71
180 mm  Axjal 3178 31.83 0.15 0.15
Hoop  63.65 61.70 0.74 0.71

Middle
Axial 3178 31.83 0.15 0.15
Cap - 4991 61.52 047 0.57

33 BE FE 2=

£ New modeldAlNA= BE Mb socket head cap screw
£ A83l9tk EE A5 dibdela A 6mm, 2] 56mm
olal BEO Hu 422 4330No|th BES} AU T B
E9} Q)| Aloli= Bonded A& 2118, AR 9} Q7N Frictional
HAFo = vpdASE= 038 8393, 5E A2 Al ok
& Pretension 2] (6)NA 73 5.2NmE 838t o =
7122 Frictionless supportE 483t th ASME 714 7|&9
o3l BEEV} AdEE FRAE 3T EE Y =
A5 &8 JEE MAgs| Fotshr] st (8719 EEIF AF
SEy g3 F2IF E F JeBg) SUH 74 210 AR



206 Jae-Hwan Lee et al.

Fig. 12 Stress of bolting area of base model (1/16 model)

sle] Fig. 107 Zo] A mde] 1/16%F 142 st

Fig. 102 BE7} A= 2lE @719k £4(New model 4
) ©iel s Aol Ady yREH FYelA
FEF 2L 6356MPacl1l, YFREHAAE 61.56MPac] Al
2= AT Gl A= WREHe] 38 32 60MPaclyl, &%
HEHAAE 65MPaclth. ks EEV} gle B A7 g
Table 59} H|s=EHS & 4= Ut

Fig. 10¢] 2o, o] EEJ| TAYsl= 592 Fig. 113} &
o Ao 5738 49562MPal 2 BE 23 UEV} Hale
FEo sk, o) nddy g Foll RS Aohg
ol g, o] Fio| gt 38 g-& Aestd, °F 146.92MPa=
2bzE QL EE A dnbe] dE-gHo] B4 240MPacl
22 #AA AAe st

Base model = HH 3 Yol 22 BE M67l AMHEE L 1]
SeMAY 2E7F 3E Qo9 A FjAe] F=E U
o] A= $19 New modeld ¥ Fig. 129 £E ¥ F=
Fig. 113} Hlszste] Ao % &8 (Singularity) S Al €lshd of
138MPa°] EEo| A3t} Base model?] 7-¢- AU FA7}
7.5mme]2} New model Bt} 2-8o] 27| wAysl=d|, A
29 9)FollA 38 Zhe 31MPa, W3l 34MPacl1, Q7 Ul
5 Al 26MPa, &5 Wol 4MPa=® G gch

4.2 E

(1) 718l AF= o] AHE- F<(Base model) HHTE = ASME
of Al 23 AA} obd, F717F 7.5mme] 3 ul7do] 260mm
oy, Bl FWAL flv O BAFolth 200myw 3)-&
A E7|Z 2o)7]ol 7|& Rde AHY FAVF FAY & A4
ToA 38 487 HAE A3l ASME Div. 1 ZE°] 9
skl SWAE de WHE FUkska, 22 Ao, AE, 239
A2 A dn BAE sto] 27l REE Blug 23, Al =
g (New model)2] 7= 46mmZ §Fol T 2172 288mm=
AA H AT

2 T=3MM Az}, HwE?] Base modeld] 7§ $HL
39MPac] i £ Ao Al BHe 3MPa®, ASME Div. 1914

= 4FHlE 87 Bz 5188811 82.7MPa
g WSkl vk
(@) I¢AHUH Y A9 HAFZE 23 S HHE A&
3tde W, st AAXUE wdsty] Wil 3k &A%
22 ARt =E2HIUTH

(@) Gt AE A9 A2 Fol| BEES #{3tas
< =93t BEES S4YS A 83l i Al A=
om, BEEE FAO0E HWATEEE ¥ /e EES
€ 1/162 Rdste 34stqch

(6) FZ AZ(LFrE)e Z=7F AR o] ASMES] B
A Aol vtA] &+ Aol Aok =3 ASME Div.l2 AAEA|
7b 2@ 5] Div2= AdAska vlud 87} Jtk

(6) Wt AYY A=t ALt A, o]22 el 97t ghel A
Bk (dE)ol AR, o]F FUsr] Y8l FF U d
£ st o] Ek AEAE Qs S AU Al o
g

I F27} itk
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) ‘j/o]
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Design of Guidance Law for Docking of Unmanned Surface Vehicle
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ABSTRACT: This paper proposes a potential field-based guidance law for docking a USV (unmanned surface vehicle). In most cases, a USV
without side thrusters is an under-actuated system. Thus, there are undockable regions near docking stations where a USV cannot dock to a
docking station without causing a collision or backward motion. This paper suggest a guidance law that prevents a USV from enter such a region
by decreasing the lateral error to the docking station at the initial stage of the docking process. A Monte-carlo simulation was performed to validate
the performance of the proposed method. The proposed method was compared to conventional guidance laws such as pure pursuit guidance and
pure/lead pursuit Quidance. As a result, the collision angle and lateral distance error of proposed method tended to have lower values compared to
conventional methods.
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Fig. 1 Example of forward-direction dockmg of USV
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Fig. 10 Desired heading angle according to position of USV

Table 1 Performance index for each guidance law

Guidance method

Pure pursuit Pure/lead pursuit Potential field based
Performance idance idance idance
index e Che Che
Collision angle [°] 35.359 13.762 0.567
Collision lateral error [m] 3.219 0.261 0.021
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ABSTRACT: Imaging sonars such as side-scanning sonar or forward-looking sonar are becoming fundamental sensors in the underwater robotics
field. However, using sonar images for underwater perception presents many challenges. Sonar images are usually low resolution with inherent
speckled noise. To overcome the limited sensor information for underwater perception, we investigated preprocessing methods for sonar images and
feature detection methods for a nonlinear scale space. In this paper, we focus on a comparative analysis of (1) preprocessing for sonar images and
(2) the feature detection performance in relation to the scale space composition.
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Fig. 1 DIDSON and sonar image
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(Negahdaripour et al., 2005, Negahdaripour et al., 2011; Kim
et al, 2004). SHANE 7]E8] AE 2AL I3 7Hke] Ao 5
AR A 7HES &4 Il A8 B A=t =
< FeEE 8l A S Al olElgol w2 &
8] AAZE A9 e Ziiu AEEe] FAde A IdE
AME 71Ee 544 HE 7S Ao AT 5 jU
"}, o]213k o]-FE Aykine k-means ¥ 3} daelES o8
ste b FelA B4 Y99S etk BEE 49E 7H
A1Qt B(Gaussian map)7|¥te] 507 7Edte F5 259
24 FA4ol B3k A7E FP8IATHAykin and Negahdaripour,
2012). Johannson et al.(2010)-> Median filterg ©]-83} A
g AU Gl GradientE d8ste 4 99& —%%’5‘}0:‘
© ™ NDT(Normal distribution transform)& © % I 27 AR
S Ak 5 2RO Y AN @ o) ‘5”}93\‘:]'
(Johannsson et al, 2010). Natalia Hurtésv= CLAHE(Contrast-
limited adaptive histogram equalization)”|"< ©]-&3] 4}
Fel A E FHstd Y49 ContrastE st 2
£ 0]Z(Speckle noise)E =X o™ 54 9] HIE ol
A ZA| oA E Flol] MBkst] 94 4T =(Phase correlation)
S o]&st] &y G| EA|HE F3SAT Hurtds et al,
2015). Shin& Au G4l ¥1AY =AY I3 74 799
KAZE 543< 283t o5 252 R 83 d75 =+
359 tH(Shin et al. 2015).
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Tomasi¢t Manduchi (Tomasi and Manduchi, 1998)¢ll <]3}
AQkA Bilateral filter= ¥4 AAIE BRESIAA ol2e
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S2EIY FUTH ATe) AAEE o] HrjH Bl

7|5 tiulZE A w) o] 7] Wil Behd el i
o ¥ol 285 Woltk YWHAQl | 2ET18] F Ao Z
iHE—Iloﬂ A s|2EaHd 74 S|l 2E0e Tdska WY
E7} gLEtER | 2E0S A gho] A 99l AL
7ﬂ A :r""é?‘l":}. 2y 2B P %l‘ﬂ"ﬁy
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Rt |22 Wastel A5 d|=E1Re] HHslolA
T 7P 2AVF He FES I3 kolz2k 3 AxH
Uephdth= Zlojth o]l #A13-& B¢sh= CLAHE(Hurtos
et al, 2015)= 71& 2-3q 32BN wolzr} FxEHe
FARE ANAds7] fla] AkE mdE A o) de] g 7HA
= S|2=E e Aehx FZeA EEeHA st mES A
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Fig. 2 CLAHE histogram

Fig. 3 Results of gamma correction (a) original (b) results as
gamma value (0.1, 0.5, 1, 1.5, 2)

Fig. 4 CLAHE results (a) original (b) results as clip limit (0.0001,
0.001, 0.01, 0.1, 1)
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A g BAREe] 71eAE vmsk] igsks el
719 A 547 A% NHEE GRS 2IPL AE
EPUe o8Itk FF Bge 2AY Wl YA
=44 Ao Bayol uFHien olgd 2AY Bue)
A EYE A2 9B OF 2AY FNHE o83 54

AT=HAE Lowe7} AQFH SIFT(Scale-
invariant feature transform)= 7F¢-AIQF £ % (Gaussian
blurring)& ol-&ste] AE =AY I3t Y& vse= 7+
/333l DoG(Difference of gaussian)g ©]-83t] EAHES A=
= WS A THLowe, 2004). SURF(Speeded-up robust
features)®] 790l = SIFTS} FUsHA 7F-AIQE E218E ol &
sto] Ay 2AY 7S TARTK(Bay et al, 2006).

FHZolle QEEE JidE] #ste] oXl 7|EAHE o] 88t
© 53 AE el AdEe S A2 54 Ve
zke] Qi £525 JAdE] HAste] EEEH Y FAST(Features
from accelerated segment test) ¢} BRIEF(Binary robust independent
elementary features)E 283 ORB(Oriented FAST and
rotated BRIEF)2| 7%, A3 2AY e 743 F FAST
Y A= 7S o83t 54%S =3}l BRIEF 7| €AE
o] gste] A2l A7]ek 3 Fo| W] ErolHAE st
5280 w2 544 AE 7Moo Z8EATHRublee et al,
2011). BRISK(Binary robust invariant scalable keypoints)= &
Aoz FAE 72 HEE HhS Agste VeRE 7]
E5tE WS Alkekth BRISKE ORBE| $h4 714k vlae}
= 28 4 4o RPHE 999 A 27d © s
e A S AlASEATHLeutenegger et al., 2011).

ololl Pablox= HIME =AY a3t FAst AQ S4%&
dEshe Wl KAZE 543 Ade WS Adsiith 7k
At 228 4l ¥d3 &4 HE|(Nonlinear diffusion filter)
€ o83t ] ARARE BESIAL e A =

22

N

AY TS TSR THAlcantarilla et al, 2012). A-KAZE+=
KAZE®] HIAdE g4k ZEe AitE=E /WAsE FED(Fast
explicit diffusion)?} M-LDB(Modified-local difference binary)
71eAs A&t £x25 A /st Alcantarilla and
Solutions, 2011). HIHE =AY I+ F4stke 54 A=
71" Fig. 50 Wb niel o] 2A|do] gt w3
Fel Bl2H(Texture) = HESHAL 52 A7 H o] Aalld=
IRE v B olnAel ARt SRF e PHeR &8

2 & Uk

31 FXE| 71 Hlw A At
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S35l BEEoA AF3S %
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o} 7wl BAS 83t Fig 6& U 94 (a)oll E&olA
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(d), Zrt BA(e)E A Aot 4 2 (b)e
T+ G NS stetebr] olEeH FE9| A71E J1¢
78 ol= AAL BdE o G BAE BESHA
stA| Fth Bilateral Filater(c)g 283 45 g7} 53
AEA wolz27t o= A= AAEE EHE AFASY &
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Fig. 5 Comparison between the linear and nonlinear scale space as scale size (top : nonliear scale space, bottom : linear scale space)
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Fig. 6 Sonar image preprocessing results (a) original (b) Median Filter (c) Bilateral Filter (d) CLAHE (e) gamma correction (f) CLAHE

+ gamma correction
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Fig. 7 Sonar image enhacement with CLAHE, gamma correction
and bilateral filter (a) original (b) enhanced image
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Fig. 9 Comparison result of each feature detection methos (from left original images, SIFT, BRISK, ORB, A-KAZE)

=38 2} 9L o)l o AV|E J1E 5m, AHE
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(@)oF 2ol g7}t 73 Aol F5T 24 G4 (b
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< o] g3tk 47 157%82] A%3R1
W ERolA d93 54 HE HES BT A8t AF
vy A3 Hla 245

Fig. 9% EEA A58 A3 2Ad F7HE 745k E4
& 71E3h= SIFT, BRISK, ORB 544 #AE 7143 w4y
2AY s s EAEE AEshe AKAZE 53
A 7S 247 A Qe A Gl 283 Aot
=% B0 BEAH HAE AeS UeEhY] flste d92A
7t A9 Gl Fxo] uig oA A& 4 Gl EAH A
=< A Fig. 99 121 L @l =4
EAHES e & ojmx o] MEELS HIZA A v
ZZH(Nearest neighbor distance ratio)E ©]&3te] A
(Matching)< 4~3¥3}21 RANSAC(Random sample consesus)+<
o]g3te] zlohdl 2lgteo]oi(Inlier) %S YERATE

BRISK ] 7§~ o}2-2}0]of(Outlier) A& 915+ RANSACS
Tl = Bt BePge v v 3 of Qlrk
SIFT®} ORBS] 73-9- 2=8F o] =ol|A @2 54 o] HEE o]
Az E4A Aol nisl dztolofe] A7t wlg- AH5-S &<l
& ok ¥HA AKAZEANAE HIAE 2AIY 33 749 I
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Table 1 Comparison result of feature extraction in texture rich

images
SIFT  BRISK ORB A-KAZE
# of keypoints 427 213 718 175
# of matches 934 35.1 2594 105.5
# of inliers 719 21 200.9 80
Inlier ratio [%] 17.3 10.2 28.3 464

Computation time [ms] 80.8 114 16.8 13.1

Table 2 Comparison result of feature extraction in feature poor

images
SIFT  BRISK  ORB A-KAZE
# of keypoints 102 104 594 449
# of matches 45 45 78 124
# of inliers 0 0.7 674 10
Inlier ratio [%] 0 0.7 113 22.3

Computation time [ms] 45.29 6.34 145 9.7

g 2x7l F53 A B HEs s34 A 29
g wolzdA HAEHe 543 E Wil ORB 7ol 7V &
< EAMES ASska Wy NNDR(Nearest neighbor
distance ratio) "% NFAME 7 B2 EAHE HAESA
=< Z1 T F Aok AR HAEE EAH AE Ui iyl
‘ﬂa}ol‘ﬂ My SHAA BE o A-KAZENA 71 Hojd
< Bt 247t A9 gle B4 =g ORBYF 71
AHE AZE AR AEH EAA vl letelo] A

tlo
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rlo o
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ABSTRACT: An attitude controller for a 6-DOF hovering autonomous underwater vehicle (HAUV) is implemented. We add a vertical thruster,
an underwater camera, a wireless communication device, and a DVL to the HAUV that was developed a year ago. The HAUV is composed of 5
thrusters, 2 servo-motors, and 4 apparatus parts. Two rotating thrusters control the surge, heave, and roll of the vehicle. The vertical thruster
controls the pitch, and two horizontal thrusters control the sway and yaw of the vehicle. The HAUV's movement in each direction is controlled by
6 PID controllers. Each PID controller controls the propulsive force and angle of a thruster. In a horizontal and vertical movement experiment, we
showed the feasibility of the proposed controller by maintaining a given depth and heading angle of the HAUV.

1. M =

HT AAF LR el oluA] Adel A3t o] F7kskar
ATHShin et al,, 2013). °]= SHFEE /W ATE o]ofH Tt
3 23 szo] B o] FoIX £ BTHLee et al, 2015).
gk 2E-2 =4 ROV(Remotely operated vehicle), AUV(Auto-
nomous underwater vehicle)® 78 4 It} ROVE 4
AolEdt A% AolEe] 2iel AAH o &7 He
SR, AlolE Aeolol mE Al%fe] Atk AUVE A F<
oz e gl Alof7|7h 25 Rl lof olF ®HA Al
ofo] itk AUVE &F5F3d AUVSE 3H® AUVE do
(Kwon et al,, 2012). &3 AUVE 33 A 99 A& &AL
skl SHE AUVE 54 x|l AA fAIstaA] ZA] st 74
U 2k AYE FASFTH(Jun et al., 2009; Jeong et al., 2013;
Lee et al.,, 2015a; Lee et al., 2015b).

B =22 vie] 7R /e 72 73 EHE
AUV(Hovering autonomous underwater vehicle, HAUV)E 7l

w3kal, 62HE AlolE 913 PID(Proportional integral deriva-
tive) Ao)71E A HE&S THEthBae et al, 2014). 4709
7|7 R= wE e, Wl Aol F, 2E AojF, SARE A9
o 5719 FX71e F F307] 20, 3 F317] 24, 8 F3
7l VR2 35, o] 7 2719 F FA7]= HEEE 2718
AHgEte] 33 WERS 27 AAS ¢ QUth 71E9] =&l F
St2 =Els} PID Alo)715 AR AlE ol Aol 131 Wi, £
wroAe Fdhdse F FA7E 28 5709 F31719 278
o] ME REJE AMEIF HAUVS| 2 A& Fsto] Ate
Ao719] deS Itk

E =ollMe 73E HAUVE 7788 278ollA Aieh, 37l
A& 62HTE PID Aloj7]9] 44, 43ellxe 9, 2] &5 A3
AHE T3l HAUVY 2| AojE Hsetal d8og 25 Peth

2. HAUVe| 74

2 =®olA 78% HAUVE 64-frs &5A=A Fig 1%
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Underwater 3D Reconstruction for Underwater Construction Robot
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ABSTRACT: This paper presents an underwater structure 3D reconstruction method using a 2D multibeam imaging sonar. Compared with other
underwater environmental recognition sensors, the 2D multibeam imaging sonar offers high resolution images in water with a high turbidity level
by showing the reflection intensity data in real-time. With such advantages, almost all underwater applications, including ROVs, have applied this
2D multibeam imaging sonar. However, the elevation data are missing in sonar images, which causes difficulties with correctly understanding the
underwater topography. To solve this problem, this paper concentrates on the physical relationship between the sonar image and the scene
topography to find the elevation information. First, the modeling of the sonar reflection intensity data is studied using the distances and angles of
the sonar beams and underwater objects. Second, the elevation data are determined based on parameters like the reflection intensity and shadow
length. Then, the elevation information is applied to the 3D underwater reconstruction. This paper evaluates the presented real-time 3D
reconstruction method using real underwater environments. Experimental results are shown to appraise the performance of the method. Additionally,
with the utilization of ROVs, the contour and texture image mapping results from the obtained 3D reconstruction results are presented as
applications.

1. Introduction of the most difficult peculiarities is unexpected turbidity,

which makes it difficult to use an optical camera or a laser

The real-time 3D reconstruction of underwater surfaces has
become an important issue in applications like underwater
environment inspection, underwater vehicle and robot
navigation, and other multi-purpose underwater monitoring
applications. This paper specifically focuses on the advantages
of the real-time 3D reconstruction of an underwater
environment for an underwater construction robot, as shown
in Fig. 1. These advantages include obstacle avoidance by the
recognition of the underwater scene topography, localization
for a remotely operated vehicle (ROV) or an autonomous
underwater vehicle (AUV) by matching given large 3D
geometric information to increase the operation automation,
and the intuitive perception of underwater environments for
an ROV operator.

For ground vehicles, the 3D surface reconstruction method :
has been successfully applied in recent years. However, some ﬁ .
problems remain unsolved for underwater vehicles, mainly e
because of the challenges of underwater environments. One  Fig. 1 Underwater Construction Robot
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Fig. 2 Image from 2D Multibeam Imaging Sonar

scanner because the field of view (FOV) of these sensors is
dramatically decreased. Thus, imaging sonar sensors, which
produce images by correcting the reflected sound intensity of
acoustic beam pulses from underwater objects, have emerged
as a possible alternative, because they are not affected by the
turbidity. Fig. 2 shows a real underwater image captured by
a 2D imaging sonar.

However, obtaining 3D information and clues from 2D
sonar images is still challenging. In this paper, we first
concentrate on the physical relationship between the sonar
intensity data, which follow Lambert’s law, and the scene
topography (Aykin and Negahdaripour, 2012). The reflected
sonar intensities differ with the angle of reflection, which is a
key to estimating the topography. Second, we focus on the
acoustic shadows that appear behind objects placed on the
sea floor surface. For the same distance, the length of the
shadow depends on the elevation of the scene. Hence, these
shadows can be important visual clues in 2D imaging sonar
imagery to determine the volume and edge boundaries of
objects.

Therefore, the proposed real-time 3D reconstruction method
first finds object-shadow pairs in the sequenced sonar images
by analyzing the reflected sonar intensity pattern. Then,
elevation information is computed using Lambert’s reflection
law and the length of the shadows. We evaluate the real-time
3D reconstruction method using real underwater environments.
Experimental results are shown to appraise the performance of
the method. Additionally, with the utilization of ROVs, the
contour and texture image mapping results from the obtained
3D reconstruction results are presented as applications.

This paper is structured as follows: the related works are
explained in section 2. Section 3 describes the data acquisition
with the 2D imaging sonar. In section 4, we describe the
underwater structure surface 3D reconstruction scheme, and
then show the experimental results in section 5. Finally, in
section 6, we close this paper with some conclusions and a

discussion of future work.

2. Related Work

The real-time underwater structure surface 3D
reconstruction problem has been intensively studied for the
last decade. There are several different types of sensors that
have been applied, and each sensor has merits and demerits.
Optical vision sensors have comparatively low prices, but do
not provide 3D information. However, 3D information can be
computed using vision-based 3D reconstruction techniques
like stereo vision, structure from motion (SFM), and visual
simultaneous localization and mapping (SLAM) (Brandou et
al., 2007; Beall et al., 2010; Pizarro et al., 2004; Negahdaripour
and Sarafraz, 2014). Although these techniques have made
progress in ground vehicle and robotics applications, they
have not been efficiently applied to underwater vehicles
of the

environments such as the unexpected turbidity and light

because challenging conditions of underwater
sources. The turbidity causes the FOV of the optical sensors
to shorten, which causes difficulties in extracting features
from images. In addition, a laser-based structured light
system provides high-resolution 3D reconstruction results, but

has the same problems with turbidity (Massot-Campos and
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Oliver-Codina, 2014). Thus, these kinds of optical vision-
based sensors have an inherent limitation in underwater
environments.

To solve this device-based 3D
reconstruction schemes have been studied to replace optical

problem,  acoustic
vision sensors. A multibeam scanning sonar captures 3D
point cloud data similar to a topographic laser scanner
(Papadopoulos et al., 2011; Coiras et al., 2007). These sensors
provide high-resolution 3D reconstructed data, but need
additional mechanical systems such as a pan & tilt device,
which makes the sensors more expensive. Moreover, the 3D
data provided are not real-time because these need a certain
amount of time to scan the surroundings. A 3D imaging
sonar captures a 3D point cloud in real-time without any
additional device (Hansen and Andersen, 1993; Hansen and
Andersen, 1996). However, its relatively low resolution and
high cost are the primary drawbacks.

In order to overcome these drawbacks and meet the
requirements for real-time 3D reconstruction, a 2D forward
looking imaging sonar has been applied in recent years to
robotics
extracting 3D information from 2D images is challenging, but

underwater vehicle and applications. Indeed,
it has been made possible using the geometry and sonar
intensity data relationship (Aykin and Negahdaripour, 2012),

which inspired this study.
3. Data Acquisition with 2D Imaging Sonar

3.1 2D Imaging Sonar

As shown in Fig. 3, acoustic pressure waves induced by
the transmitters of an imaging sonar propagate and are
reflected by the underwater structure surfaces, and the 2D

| 2D Imaging Sonar |

Sonar Beam

imaging sonar collects these reflected echoes. The 2D imaging
is a BlueView P-900 (Teledyne
BlueView, 2015). The P-900 has a range of 2 -60 m, and 512
beams (beam width: 1° x 20°, spacing: 0.18°) are formed. The
system offers 512 x 1160 images, where each pixel displays

sonar discussed here

the reflection intensity for spots with the same distance,

without elevation information.

3.2 Coordinate System of Sonar

Equation (1) derives the 2D imaging sonar coordinate
system by applying Cartesian coordinates (z,,y,,2,) and
spherical coordinates (& ¢,6), to express the 7, as shown in
Fig. 4. The 3D position is computed using the elevation
method discussed in section 4.

Lo
Yo
20

cos¢sing

Py = = R|cos¢sind
?

@

Equation (2) shows the method used to compute the
spherical coordinates (& ¢,6) from the 7 of the imaging

sonar image using inverse transformation,

R= %2 +le2 + Z()2
ﬁztan’l(f)
Yy

Z
¢p=tan"' 0
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3.3 Object and Shadow Detection

As previously explained, the reflected sonar intensities

Dark acoustic
shadow

Bright reflections
from target

Underwater Objects |

1

1
1
1
1
1
1
1

(a) Typical geometrical interpretation of 2D imaging sonar system

(b) Sonar image

Fig. 3 Example of how a given scene would appear when viewed visually with 2D imaging sonar
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Intensity

Bottom
Reflection

depend on the angles of the reflecting surfaces of objects,
which means it has a strong relationship with the shape of
the objects. In addition, the shadow depends on the height of
the object. Moreover, these shadows play an important role
in 2D imaging sonar imagery to determine the volume and
edge boundaries of objects. Thus, correctly detecting an object
and its shadow is a crucial factor for 3D reconstruction from

2D sonar images.

i. Estimation of Sea Floor Surface:
To define an object, this paper applies a machine learning
algorithm. Indeed, the sonar intensity data follow Lambert’s

reflection law, as seen in Eq. (3).

I=k « cos” adA ©)

where k is a constant value, and dA is the single beam
reflecting area. The reflection angle of the sea floor surface o
is relatively constant. Therefore, the sonar intensity data of
the sea floor surface are also relatively constant. Thus, we
can estimate the sea floor surface from the dataset.

ii. Feature Detection:

Once the sea floor is defined, then the thresholds of the
object Tp and shadow T; have to be defined to detect the
object start point O+ and end point Oy, and the shadow
end point Se, as shown in Fig. 5. Oug is the same as the
shadow start point. Ty and T; are defined by Ty = Luge + ¢,

Object Shadow
Reflection  Region

Ostart Oend

Send
Distance

Fig. 5 Object and shadow detections based on thresholds Ty and T, respectively
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(@) Raw and blurred 3D imaging sonar images
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Fig. 6 Actual 2D imaging sonar image with intensity data of certain sonar beam

and Ts = Lurice -¢,, respectively. L is the defined sea floor
surface sonar intensity. ¢, and ¢, are constant parameters.

Fig. 6 shows an actual 2D imaging sonar image with the
intensity data of a certain sonar beam. In actuality, the raw
data are too noisy to accurately detect objects. Thus, a
preprocessing process is needed such as the Gaussian image
blur. As shown in Fig. 6 (b), the intensity data become clear
after the image blur process, and Ouut, Oems, and Se.qs are
detected in each 2D sonar beam’s intensity data. Fig. 7 shows
the result. The red color indicates O, the green color shows
Oent, and Ss is marked in blue.

4. Sonar Surface 3D Reconstruction

4.1 Constraint Conditions
In order to extract 3D information from 2D sonar images,
this paper defines the constraint conditions as follows:

e In the 3D reconstruction of reflectable materials, a
smooth steel-like surface is not detected by 2D imaging
sonar. Thus, that kind of object is not applied.

e The 2D imaging sonar needs to be placed deep enough
that it is free from disturbances from sea surface reflections.

¢ The reflections from underwater objects follow Lambert’s

law.

4.2 Surface Elevation Computation Scheme
After detecting objects and shadows from the 2D sonar
intensity data, the 3D reconstruction procedure is as follows:

i. Detect objects and shadows based on Ty and T

ii. Find Oty Oent, and Seue from the 2D sonar images

iii. Compute the elevation using Equation (4)

R
4 =ce Sin¢( E Ii)(‘suml_ Ouml) * tan(b (4)
)

i = Ogtart
where ¢ is a constant.

5. Experiments and Results

5.1 3D Reconstruction Results

Fig. 7 shows the results of the 3D reconstruction of a real
underwater structure surface. The results are obtained by
applying the images obtained from the multibeam imaging
sonar as the texture on the 3D mesh results, which are

shown in Fig. 8.

5.2 Contour and Texture Mapping

Obstacle avoidance is a good application of the 3D
reconstruction for an ROV. Therefore, the intuitive perception
of the height of an underwater structure is very important
for an operator. Fig. 9 (a) can be useful for this. Moreover, in
collaboration with an optical camera image, texture mapping
on the 3D reconstruction results is possible, as a result of the
intuitive underwater scene perception (see Fig. 9 (b)). In this
experiment, an ROV was utilized to obtain optical images,
which are applied as the texture on the 3D reconstruction
result, since the FOV of the optical camera was relatively

short compared to the multibeam imaging sonar.
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(@)

Fig. 7 Results of 3D reconstruction of real underwater structure surface

(a) Experimental result of contour mapping (b) Experimental result of texture mapping

Fig. 9 Experimental results of contour and texture mapping
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6. Conclusions

In this paper, we demonstrated that 3D information can be
extracted 2D imaging sonar data. This is achieved by
detecting the objects and shadows from the sonar intensity
data. The 3D information could be obtained using the
presented elevation computing scheme. This scheme could be
applied to a ROV or an AUV by offering the 3D map with
contour and texture. Moreover, the accuracy of this scheme
will be further examined, and applied to large 3D mapping
using a tracking and mapping method for the localization of
ROVs and AUVs.
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Table 1 Computed wind and current forces on buoy models

Wind Current
Buoy Force Center Force Center
[Kgf] [m] [Kgf] [m]
LL-26(M) 5.714 0.588 5.508 0.536
LL-30 6.587 0.682 6.450 0.608
1535 3.796 0.395 4131 0.159

LNBY-100 2.563 0.516 2.729 0.140
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in other journals.

. “Journals” are the ones that have an appropriate screening of submitted theses and that are published on a regular
basis.
. All manuscripts other than the ones stated in the previous clause can be submitted such as conference papers,

research reports, diploma papers and academic articles, provided that their sources are stated according to the 3rd
clause of The Regulations on Paper Submission in The Journal of the Korean Society of Ocean Engineers.

. The Definitions and Types of Fraudulent Acts in Research

1.

“Fraudulent acts in research” include all affairs that violates ethical codes of research: fabrications, forgeries,
plagiarism, overlapping publications and unfair marking of writers which may occur in every phase of research
process, such as in a proposal, conducting, a report or presentation of research results.

. “Fabrication and forgeries” refers to an act of distorting the content or outcome of research by making up false

data or results.

. “Plagiarism” refers to an act of unfairly employing all research results, such as others' publications, research

proposals, ideas, hypotheses and theories, without a fair approval or quotation.

. “Overlapping publications” refers to two writings published in different media sources that are totally identical in

their contents or share the major contents. It is also the case of overlapping publication where the paper published
later contains a slightly different viewpoint, yet contains the same or slightly different analysis on the same data
from the previous paper.

. “Unfair marking of writers” refers to an act of unfairly gaining reputation by pretending to be a real author of

a paper without any participation in research.

. Fraudulent acts also include a behavior of intentionally disturbing investigations regarding assumed misconducts

in research or inflicting an injury on an informant.

. “Other fraudulent acts in research” refers to all affairs that are generally accepted as the violations to ethical

codes of research in the academia.

. Screening System, Processing Criteria and Procedure

L.

Screening System

(a) Authors must submit a “consent form of delegation of copyright” which necessitates an author's confirmation
on any violations to ethical codes of research.

(b) When inspectors raise question on any violations to ethical codes of research, The Committee of Ethical
Codes of Research determines its/their compliance to the regulations after examining all materials concerned
and giving the contributor a chance to defend him/herself.

(c) When any violations to ethical codes of research are found while screening or editing (after the insertion of
a paper in an academic magazine), The Committee of Ethical Codes of Research determines its/their
compliance to the regulations after giving the contributor a chance to defend him/herself.

(d) When any violations to ethical codes of research are called into question after a paper is published, The
Committee of Ethical Codes of Research determines its/their compliance to the regulations after giving the



contributor a chance to defend him/herself.
2. Processing Criteria
(a) All processing criteria regarding fraudulent acts in research follow the regulations and detailed rules for
operation of The Committee of Ethical Codes of Research of this society.

3. Processing Procedure
(a) When any affair is determined as a violation to the ethical codes of research in the phase of submission or
screening, The Editing Commission should report it to The Committee of Ethical Codes of Research.
(b) When any affair is determined as a violation to the ethical codes of research after the insertions of a paper
in an academic magazine, The Committee of Ethical Codes of Research should immediately cancel its
publication and notify the cancellation to the author/s

G. Ethical codes of Editing
1. The editor must a strong sense of ethics regarding the codes of conduct in research and in publication. Also,
he/she must not have any personal interests with others in the process of edition.
2. The editor must thoroughly keep security in all matters related to the contribution of manuscripts, screening and
publication.
3. The editor must be well-informed about the violations to ethical codes of research and make a neutral and
impersonal judgement when he/she found any violations.

Supplementary Provisions

1. Regulations stated above are enacted after 1 Nov. 2008. For the manuscripts contributed in academic magazines
before 1, Nov. 2008, the 3rd clause in “D” is not applied. Also, they are not interpreted as violations to the ethical
codes of research even if they did not stated their source in the journal of this society.

2. Also, for the papers applicable to the clause “D” or “E”, the writer/s can take measures such as “cancellation of a
paper” based on their judgement, or “rejection of screening” if the paper is under screening.

1, Nov. 2008

The Korean Society of Ocean Engineers
[31, May 2007 enacted]

[1, Nov. 2008 amended]
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