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A Study on Control System of Wire Integrated Unmanned

Surface Vehicle and Unmanned Underwater Vehicle

Hyun Joon Cho

Department of Mechanical Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Exploring ocean comes with certain limitations such as environmental
disturbances, cost constraints and communication difficulties. As vast the
ocean 1s, environments of mission areas differ widely. Hence, it is common to
use platforms that meet needs of specific goals and mission areas. In this
study, we designed a new platform that combines advantages of previously
commercialized platforms in order to achieve reasonable coastal survey
solution and real-time underwater exploration. The platform consists of
unmanned surface vehicle (USV) and unmanned underwater vehicle (UUV), and
both platforms are integrated via tether cable. This study introduces design,
control and field experiments including sensor performance tests of the
integrated platform.

In order to withstand environmental disturbances such as waves and ocean
currents, hull of USV is designed as catamaran—-type with excellent resilience
and surge motion capabilities. The USV is equipped with Global Positioning
System (GPS) device and Ultra Short Base Line(USBL) device to estimate UUV's

relative distance and orientation.

_Xi_
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The UUV is designed in the torpedo-type shape to minimize underwater
resistance. The UUV is equipped with underwater camera and side scan sonar.
Data acquired by these sensors are processed and transmitted to USV in real

time. Also, UUV has 4 thrusters to control its attitude and position

The USV is controlled to perform way point tracking and dynamic
positioning. When carrying out these control methods, anti-windup PID control
anc weight scheduling method was used in order to achieve both straight
motion and turning motion effectively with two main thrusters attached to the
rear of the USV hull.

The UUV could be operated manually to acquire underwater camera vision or
could set as autonomous control mode to cooperated with USV. The UUV has two
autonomous control methods; that are relative heading angle control and
relative position control. Operator can decide which control method to use,

factoring the goal of the mission.

Attitude and position values of UUV are dependent to Attitude/Heading
Reference System(AHRS) and USBL sensor. To ensure the integrity of UUV

control performance, AHRS and USBL test were conducted.

Finally, the performance of the platform controller and hardware capability
of the platform; (e.g. communication capability, operation hours and
real-time underwater data acquisition) were verified through the field test.
The results of the dynamic positioning experiment confirmed that the location
can be maintained within 3 m from the set point. The result of way point
control shows that platform could follow points within 4 m of distance
errors. In addition, the control performance of UUV was confirmed through
AHRS heading angle data and the USBL distance data. Through these tests, good

performance of designed control system was shown.

KEY WORDS: Unmanned Surface Vehicle, Unmanned Underwater Vehicle,
Integrated system, Control System Development, Field test.
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Table 1.1 Characteristics of Ocean survey platforms

Platform \ Characteristics

P Survey wide range of area
P Relatively Fast speed

P Has survey depth limit

» High Cost, Big size

P Cost effective relative to ship
P Limited operation time
P Has survey depth limit

P Vulnerable to weather conditions

» Need a mothership
P May have attitude, position errors
P Able to sweep data

P Require certain speed, linearity

P High degrees of freedom
P Proximity investigation on target

P Real time data via tether cable

P Need professional operator

ROV(Mohawk)

Collection @ kmou



Platform \ Characteristics

P Can specify survey area, course
» Operation time limit
P Navigational error

p Difficult to transmit real time information

AUV(REMUS 100)

P Long operation time
P Wide coverage area
P Payload limitations

P high loss possibility

» Able to do elaborate works with hand
» On-field decisions are possible
P Danger of human injury or death

P Limited operation time

Diver(US NAVY)

1.2 d753
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Fig. 2.5 Stability curve of USV
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USVell #2Hd + 371 fredllde Sl dAY Ade 78t 22 29&

Agstel M4BTk A Aoe FIEMAAA ATU PEAE A4 2

B2 Fudte] AA P tAGE mde Fig. 2.69, 3|4 Ade Fig. 2.790, A
49 %7 Table 2.10] UERRAT.

LU
..l“‘ un.s Plusi gy,

Lol

Inlet

Fig. 2.6 Multiphase flow field model for USV

T gdude s HAs9y &
P dddoR givleks R
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Fig. 2.7 Result of CFD analysis
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Table 2.1 USV hull resistance with flow rate

Flow rate(kts) CFD(N)
2.0 27.424
3.0 60.235
4.0 109.46
5.0 179.41

@2 ANSYS CFXE AHg3t¢lal B4 J-Jel(Unsteady state)=
1002 ASAT. =, 37 240 PARENY APOE §4Q, 30, 40, 5.0kts)el
w2 AAe) AZE o Fenh AAE F2719) 9)#E Fig. 280 vdehhL Al
-8 Table 2.29] YEFJ ST

_ 212.60

§3.97

o

4

Fig. 2.8 Thruster of USV

Table 2.2 Specifications of USV thrusters

Net Weight 2.8 kg (Air) 1.5 kg (Water)
Thrust 125 kg 6 kg f
Materials AL 6061-T7, MC Nylon, Stainless steel
Input Power 10.3A @ 300VDC
Speed Control RS 485 / +5V ~ -5VDC analog
12 -
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Fig. 2.9 3D modeling of UUV

Aaie 4 295 AT 539 g2y =2F, FFA°lE AA, USBL
Transponder2 FA4¥th. Wk €71 ©d AHY 722X UFo| Ao A4 o]
A Ew AR 540 2371 AGE 270, Ae]=270 4y Transducer 714jE| 2
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4 A% 3 RS madi), FSANE AR FEET 9 9
Fig. 2.119 YERA AT
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AR USV F17] AT 549 AAHE AA AAAS 3A Alde Table 2.3
of Yehla +31719 ®52 Fig 2103 2o

113 mm (4.44 in) 97 mm (3.801n)

Fig. 2.10 Thruster of UUV

Table 2.3 Specifications of UUV thrusters

Full Throttle FWD/REV @ 16V 525/ 41kgf
Operating voltage 7-20V
Full Throttle Current @ 16V 24 A
Full Throttle Power @ 16V 390 W
Weight in Air 344 g

g skl AA, FEAlEY BE, UUV AA 4= fs) A
Fo 5 Aol AAY A, FrjRo] AA 274 & 374 AAHY 244 =
& gpoloj= & AHellA wo FEAclEs ¥ dZddY. =3l UUVe
AL Fig. 2119 FZol YAt 3719 sfoloje] dolg =AHFToZH A=A
FEHY wel Ao e AxE 24T Ao
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Fig. 2.11 Pictures of assembled UUV

ol

UUV H¢t87] W 252 Fig. 2120 Yetloh uiek €7] st Wi ¥4
5709 At ME mEo] WIS oz dFug WAy 34 FA BFEHE
Aqt Wg REY AR AHe 37 321 Y 1 FA4S Fig 212 =
detel Utk 1 9] Ao} HEFEL gHE(Round ban@ Aol X E=(Control
board) 18] ¥¥ A Ath(Round suppor)ZE o] FolZ FXxE(Fig. 2.12 oA A

HAa)el F-2so] FAlol @& 7hestA AA AN

i

Integrated Control Structure

Fig. 2.12 Configuration of inner structure of cylinder
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2.3 AAAN2H" Fx

YA 2”2 UUVE] FAAAE F3stal 84 Al
A Fo dAA2RS FFA0lE, €99, i 5
Z TAEAY. 94 T4 JAF edF e FAsty EAEe #FAA YA
7b SldsiEetE WiF wjAle] molA] f=F wjAsilon W ojln AFZES
3l dA FF Aolee] nEA AVIE=F st dAALEHA AHEE EHE
LA FEEF AL FA UUVE FAE T’ Faf, A4} ¢, A&
71019] &gl 7)o E&S s AAsHT AR HyolaE H2F
T ReHE JhehAl dhol= A7 UUVE stee AR + =S AN A
o REof AR Bol=e| AR AgE 5 Bell e dX] oF F
E9 299 252 Fig 2139 Yehdth

oo A rin

Ju

s

Motor Winch drum Tethercable

Level winder shaft Slipring

Fig. 2.13 Configuration of winch system
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Fig. 3.1 Diagram of USV power system
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Fig. 3.2 Main power box of USV
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Fig. 3.3 Thruster power box of USV
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Fig. 3.4 DC-DC converter box of USV
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Fig. 3.5 DC-AC inverter and AC-DC power supply used in USV

Table 3.1 Specifications of DC-AC inverter

Size L450 X W230 X H70 (mm)
Weight 6 (kg
Output 220/230/240 VAC Nominal : 2700W, Max 3000W
Input 21 ~ 32 VDC
?Sggﬁ)ﬁl Over current protection, Overheat protection etc..
Table 3.2 Specifications of AC-DC power supply
Size L182 X W115 X H55 (mm)
Weight 1.155 (kg)
Output 320 VDC Nominal : 7600W, Max 15200W
Input 230 VAC
?Sggﬁ)ﬁl EMC Filtering, Input current protection etc..
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USV W] Ao} #4Fe] X =+ Fig. 3.6 2ot vld HeE fs 5 A
ol 912 Aoj71E A me FF50] AFEn. Al LIDAR 270, 2% 7}
w2t DR7F s A S33ke] FAlolA A Al AP Bridgest 914 AR 4
AARD GPSE FH 9 gutolE 24T ¢ e EE FxEe ol&dl FFI
UUVe] At A& SAste AlAl USBLS A% A A2 z o] 3+
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Fig. 3.6 Diagram of USV control components

Fig. 3.69 = dA|e] Ao ¥l2(Control Box)= USVe] Ao} AlxHle] iAoz
AA dole Ae, §43 FAs g9, USVE Ao, ULV Ao B8 AEs 93
e molZZIZ2AM 2719 9A AAE FREE Z2AM IR 5 3749
MCU7} F-2tEolQtt. Alo] vt~ |7 FA4FE9 wiA & wjAde Fig. 3.7 vt
At
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Fig. 3.7 Control box of USV
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Fig. 3.8 Diagram of USV control system

Fig. 3.9 CY8CKIT-059 board
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Table 3.3 Specifications of CY8CKIT-059 Board

Size L110 x W24 x H2 (mm)
Input voltage 1.71 ~ 5.5 VDC
Maxir;irgu gggation 30 MLz
Flash memory 256 KB
SRAM 64 KB
CPU CY8C5888LTI-LP097 (ARM Cortex-M3 structure)
EEPROM 2 KB

TCP-IP TAlo= @éﬂﬁ ol & ol &3l & “ﬂ/‘i 4 A% 22O 8 AA

tolH &S AR 41 & & Utk MINI PCE ZHE9] A, 1% 59 dlolH
of AN AR AgE FyPster] OSo H2E FHZ AFs| EHEF 28§ T
oyt && Foll AAE FAT = A sk AHEE MINI PCo) A2 75 Bl
LHER AT

il

313 FA+3A AAMH

USVell g1 3 slA = GPS, AHRS, USBL o]t}

GPSe= 92 91, &4, BolWENT) Arl=E Algsts v A5 2F9 94
A z"lolth GPSe 371 o]4e] GPS$ 4ol A “4 A, FE, Ak
< E3dke BrLdE GPS FA7I7F FAlE AAEF
919 Ao ST VB2 A2 A
ofyzt 32le) &&= HHeL A AZE

o, rlr
ﬁ i

= o2 AE A
= A& AMgSte &, AR, I
o
=

2 S Ytk GPS AHloA A

oM kM
i

sl= do]E+= NMEA(The National Marine FElectronics Association) 0183 172 9l
A Tk NMEAS] 37}A] Layer % dlo|H A4S ©33h= Application Layer+
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Table 3.4 Specifications of GPS

GPRMC,
SEREE R
s . AL

o})'

< Table 3.4° YeRHSL

Communications NMEA 0183, UART
Horizontal Vertical
o SBAS 0.3m 0.6m
Positioning Accuracy
DGPS 0.3m 0.6m
RTK 10mm+1lppm | 20mm+2ppm
Heading Accuracy 0.15° rms @ 1.0m antenna separation

Input Voltage

3.3 VDC

Power Consumption

< 2.1W nomial GPS

AHRS(Attitude Heading Reference System)+
AlrtsteE ARA
Roll, PitchE %3t3 ¥9l& Heading(Yaw)E “eEbdTH ARG
et 74 2 AFol "2 On-board processing Al
Eis ZPoliiiEQI Qb EPA A o)Est A H|o]E

AA, 7t&=A4)eF 74 3D Orientation=

e e

MU =4
. IMU7} 17M A

o= 3
QE =2
System) AHRS®} H|w s H]-g9]
AA P} wEbA AR 38 wokol A8
LT olfrE Aol ofYfTy EH3t 2™
AARgY o AYL Table 3501 YERIA
2A8& oo et WA 7IHEA AL

>

3o
=

o},
PN
T

H}-9]

*offﬁ‘r E}F/W H] & EHHl 4
IMU= MEMSMicro Electronic Mechanical
23 FAZE Bl Wiiv AFHow e wol
&3t7] g 59 FUEe) USY, UUV=
ol A Xsensiit 9] MTi-30 Algl= A&
Mti-30-> #FAl On-board processmgfﬂ

Sk,
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Table 3.5 Specifications of MTI-30 AHRS

— Roll / Pitch 05° ~ 2.0
Orientation (Dynamic)
Yaw 1.0°
o Initial bias error 0.2 deg/s
Gyroscope specification e
g-sensitivity 0.006 deg/s
Accelerometer Initial bias error 0.05 m/s>
Magnetometer Total RMS noise 0.5 mGauss
Power consumption 550 mW @ 5.1V
Operating voltage 4.5 ~ 34V

USBL-& HPR(Hydro acoustic Position Reference) #&H] % stz 32 AR5
FF 9x 292 $P3h USBLE EBXAFA Ao]S 4
FEH 239 A =E A HlaE S99 WIS ALttt S9e dE
noo g AMFHEg HL ) o4 EdlMAFAE wixs] 3D Orientationol] 4 2]
Ao e AL BEFS ol&d 9S VELE X Y HEE A,

o
X, Y #RE Fall Z HEE dAitst] Ad AEE ARt USBLE Adtol| 72t
=5 A

lﬂi

%+ Transceiveret vlgoly 45 Aol F-23F= Transponder(Responder)2t
Transceiveroll A 4 E Ao} WEtS ALsls AFEZE o] FojZh B3 Z

Zol A A& USBL A28l Blueprint Subseajit2] SeatracAlg]=+% Transceiverol
Airg Z2AAMZE WAH o] WS FHFH glol Aot WIFAS Rigsta,
A717F ALl 7ie e 59 ZPFe Abgstr] Attt AR&E USBLO| Al Al
2 Table 3.69F 2t}
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Table 3.6 Specifications of SeaTrac USBL

Acoustic Range lkm radius horizontal, 1km vertical
Velocity-of-Sound Range 1300ms-1 to 1700ms-1
Power Consumption Less than 10W
Supply Voltage 9V to 28V DC
Range Resolution +50mm
Angular Resolution +1°

GPS, AHRS, USBLS] Apzls} g AlA £jo] USVel AbgE AlM= §-= Bell
EFU AT

3.2 FAz+4

3.2.1 FAR-A AdH

UUVE EHIGA ]%3 3l 320VDCE & ’
<5 B3 ¥d¥9% ¥ 320VDCE 15VDCE #stsl 31714 g3t A%s, 320VDC
€ 12VDCE Zgbell Aol HEs} AlAd Fgstes As F 72 Wrolxin. 1
sl 7 M ﬁl%Et Fig. 3107 #Zth 320VDCE Zste HE9 F8 HERI
DC-DC AWE 2] AYL Table. 3.73 2 F2719 A &

ato 500W & HHElE AHERoH =, AAF

il
E
rlr
o
=
<
lo
>
rjg
X
oft
rlo
-
ofN
N
s

I~

329 & Zog Wsle F27)9 &R AP t)$3tr] Y8 wolz AA 3
, 28Rz FE < BGyon AAS 329 PCB AHE 22 B o FAH
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,® ,® @@ Output to each thrusters

Output to
Control Parts
Sensors

Tether Input 320VDC

Fig. 3.10 Diagram of UUV power system

Table 3.7 Specifications of UUV DC-DC converter

Size L185 x W115 x H55 (mm)
Input voltage 160 ~ 420 VDC
Output 0 ~ 21 VDC nominal output : 500W

Efficiency Maximum 93.1%

Operation 40°C ~195°C
temperature

Adde nal Current protection, Surge protection etc..
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A8 2 A(Thermal adhesive)E A&l F2doh. dFra S oaa dd
H3 HTo] w&Ho Fig 3113 2o,
Full Aluminum heat sink
Converter
Board

DC-DC Converter

Fig. 3.11 Aluminum heat sink and power converter board in UUV
al
of T Y& wjde g, dE= wjdd Fel= Fig 3.129

Muo] 235 P Fig 312 220 Uehic
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Power Converting Board

) BZOVDC Input

Aluminum heat sink
‘N e

. 320VDC
: to
15vDC

Aluminum heat sink Outputs

Fig. 3.12 Assembled power board of UUV

3.2.2 FARTA A%

UUV W9 Alo] +A4E9 vix == Fig. 3139 Zt}h vix| o)A Rear side®Z %
AEol gE Yger] ZrE AES Ba FEAEY EAE0] e Y
2 Sojerh £5A0E HY EAL dRe WY HEo HER JUgn FA
412 MINI PC $Joll vix]® PLC B4l AHIE AA B2l 22 JHdET Y&
7l s VIEAZE Aol REE FAHSE F4 A A, AHRS, Serial -

Ethernet AH]Eo] X1 AojH 9} SSS A4 HE

USVel Ao o= 2 MCUS AIAES 87 HAo= Zhdsta
t AYR 3z gAEe 3z M1, M2E g B3 & Qe #Ax e 24
Aol =7, BA Ao] 3&27F WAL Depth sensord] ©o]g
TACE WEstE Arduinoe Alo] REF B4l S H Abo] H R 9] 33kl F-2HH
ot UUVY AlolE E-st= Alo] REd] 3259 PCB L
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Depth
sensor Serial— Ethernet MINI
(behind) AHRS Device PC

Side Scan Sonar Control board + 2 MCU Arduino coMmm
Processing board Hub

Fig. 3.13 3D Layout of UUV control system

Fig. 3.14 Configuration of assembled UUV control system

_32_

Collection @ kmou



Uuvel Aol AJzEe 2709 MCUSH 171191 MNI PCE FAoz TAHTH
MCUIMDE AHRS, 4 24 AlA9] dolgE $as
MCU2M2E "4@th 2719 MCUSH 1719 MINI PCE
#A= Fig 3.15¢] YehiITh

usv
' | Communications |

PLC device COMM Hub (4 N

I

1

P i
Ethernet : Ethernet

1

I

1

Underwater
Camera

| Navigation sensors |

> > Ll "

1

1

1

| RS 232 UART UART
AHRS : (Sensor (Data

1

1

1

]
1
1
1
1
1 .
1 potm) in] Side Scan
: MCU 1 MCU 2 Sonar
| g J b '
| o | [Chumar |
1 1 1
1 1 i 1
I Dupth I i i i
I sensor I I l

i 1

1

Fig. 3.15 Diagram of UUV control system
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F e FPEF MY FRI MM F HUR dES ANNEE WD B4
2 §H MM UFolth 54k AZ Yol S HolE e AHSH AE nAE
L qgRE AgEnh B Axde £4 ZH AA 9o 5559 Askd FHz,

3 T 4 AS tHelHE 7AW, 11 F AlZAL
ANA AT E3lisol 7 st HolHdd dA4ke] Yol AL 4 S8 AA
o] HolHE 7M A&t A8E FA =4 AlA = BlueRoboticsiib ¢l Barl00
Depth/Pressure sensoro]™ A& A}gk2 Table 3.8 Yel AT

Table 3.8 Specifications of Depth sensor

Supply Voltage 2.5 ~55V

[2C Logic Voltage 1.8 ~ 36V
Peak Current 1.5 mA

Operating Pressure 0 - 100 bar

Absolute Accuracy(0 - 50C) +/- 500 mbar (5.1m in freshwater)
Resolution 3 mbar (3cm in freshwater)
ZUFASFZAC)E ZFUFALY s Ben 29 A vEae @
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3 -2 HIAFS] FetEs FAlsta FAE WA IS i A =A<
=¥ = Alojt}. UUVe #d3 3ol Transducer’} s}
Fateo] glom gEr] WE SSS AE HEd AZAEo th. gdstd
SSSe dlolE+= UUVE MINI PCE HEEw 44 UUV MINI PC [P 40 9
A J& 2 AoE FYste] YAARE T 4 Aok AEE SSS= Bluerint
Subseajit©] StarFish 453 = @o|™ Al ARgH2 Table 3.9¢] UERA AT

Table 3.9 Specifications of StarFish 453 side scan sonar

Supply Voltage 9 ~28 VDC
Power Consumption Idle 2.5W @ 12V 5W @ 12V
Beam width 60 * (Vertical) 0.5 " (Horizontal)
Operating range Im ~ 100m per channel
Operating mode CHRIP pulse compression
Weight 0.35 kg(Transducer) 0.1kg(Board)

79 UUVel A8 AIA Y 9l#3} AR AES B2 Bel Yepigl.

3.3 YA A2 Ao H

g 20 ol Ao} FMsEEA FAD AR Wil AAL AVAAE ZE Sl
ME ARYL AL ZE oMo B A AR $E Bel dehjth
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B3 FREAA AL §4 &8 2&9 sl=doe 4SS Ve, v
E3tol, A4S 7H Aeold w2 Yiie] A8 PCY FEFF T4l Qe
= At 2ZESoj& A= OSE 7|yt
A A& T2OY 5 ALY 94 AdE

X
D
:?L_r‘
2
S
)

o7 & GU ==1¥, ¢ 4 A
EEY, k¢, 71RE A A 7hE7F AREA O E fs) Wil gEnh A%
H 28 & U, 979 252 Fig 3169 20

USBE Hub

& Ethernet port

Mouse

Xbox360
Controller

Power Supply Main Board

Fig. 3.16 Operating console for integrated platform
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341 &8 GUl =21

By TAFeN £8 T USVH UUVY 4% doleg st 744

¢l Ao}l HEE FHE ALete FAHS /HAL Joh & ZEIAS Cf 2=
a8 B 7N E fEX Z2aoR sl FAHE FAES AW
Fig. 3.17¢ YeRRAS
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Controller Status =
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USBL Data

Winch Control
| Control Buttons

Manual Mode
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UUV underwater
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4. 53 SAF T Ao Al=H

B3 FAE AAle] AolA2y TAL Fig 4135 2tk

H 1
X — 1
: Navigation sensors | 1 e
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: | ' [sensors |
o = | sensors |
T H !
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H | i ﬂ Leak sensor
i ] s
W -
: : Mcu 1 2
N AHRS I RS 232
] 1 == iy Lidar
o . : UART L=
H | — (Sensor MINEEC p— s
: 1 RS 232 data) . :
USBL 1 Ethernet Ethernet RS 2! H
L - ~ d
............ : - Volt meter | &
5 1 1 :
/ 5 1 H
! 1 :
— 5 i Ethernet 1 Ethernet Docking .
Y H i 1 Camera
: 1 AP Bridge COMM Hub 1
g 1 1
1 : e | Ethernet
1 X L 1 Forward
i PLC device |

-------------------------- mn AN EEE NN IS SIS NEEEAEEESSEEESSEEESSSESEssEsEEsEsEEEEEEEEEet

-

i r
5 1 COMM Hub 1 4
1 . ] .
: 2 4 Ethernet | Ethernet
H 1 1
: (o W [ Undaragiis
H Camera
- Ethernet Ethernet
H | Navigation sensors |

1
i UART UART ;
: dota) Side Scan
1 MCU 1 MCU 2 Sonar
12C s e e e e e e e e e o e o o 1
1
. 7| F e e
1 : :
1
sensor 1
1 1
1 1
1

Fig. 4.1 Diagram of integrated platform control system
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Fig 419 3ol Uehd Qut A4 e)

Z HolHE FAslH MCUES ZAlo=
T4 B EE AA 8§ FEZ AEET

M9l ol sjBet=H
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* Target coordinates
= USV control gain
* UUV control gain

* Control medes{manual, auto etc)

=
e o A A e
* Navigation sensor data
* Video, sonar data
= System status information
.......... -_— =
AP Bridge PLC device

BS AzAPE FAY g ZEIPo
@ @olu 21 Aolo] BEEA o
A HolH, At AR Fo] of
Yeho] AAzte s BESAY &4

=1

2

=

rl

=235 Fig 4.23 2o ==

i

ol

UUVe MCUel| #4358}
HolElt 94 Hole g the

g Tl v &2 HolHE A

* Heading control
= $ + Speed control

* Winch control

* Depth data * USV sensor data
I * Video data I * USV status

* Sonar data * Control modes
I * Attitude data l

= System status

* Relative angle control
= « Relative distance control

* Speed control

Fig. 4.2 Schematic diagram of communication system
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411 &8 Z& - USV B4 A|&=H

§2&7 USVire] B4l Fig 4.3% Zo] =431 & & Yt

Mo

Operation center usv
AP Bridge AP Bridge COMM Hub
Ethernet - 5.1%5.825Ghz i~ Ethernet
(802.11na/ac)

Fig. 4.3 Diagram of operation center - USV communication system

7 TEEEAA $4AE WP K74 Access Point Bridge(AP Bridge) &
FEUE Tl AEH USVeE FAE QHEHUE o] &3 WHES Flsta 54 3
H(Communication Hub, COMM HUB)ell %3t} Adx]= AP Bridgee
4.43} 2},

>
I

L
!
)4
rlo
e
oQ

-
.
usv .
Communication —I-.- E
Device e
g

Ground

Communication
Device
Operating
Console

Fig. 4.4 Placement of AP Bridge

_40_

Collection @ kmou



AP Bridget 2&Z<&3 USV 749 TCP-IP B4& $33t7] s f4d
A 7kl AZAS FYAAFE AP(Access Point) 7153 FA7] 3t FA
Bridge 9&-& st 97 A9 750l 2FE AulE Yepdth Ao Al

2 Table 4.19] YeJ S,

oM
o 4
ol

o~

A1)

Table 4.1 Specifications of AP Bridge communication device

Size L165 x W289 x H89 (mm)
Weight 1.2 kg
Wireless IEEE802.11 a/b/g/n/ac MIMO-2T2R
protocol 2.4~2.485 GHz(802.11ng)/5.1~5.825 GHz(802.11na/ac)
Wireless 802.11ac: Max867Mbps (80MHz bandwidth)
speed real Throughput: 360Mbps

integral antenna - 2x2 MIMO antenna, Patch type,
Antenna directional, 16dBi(5.15~5.825GHz) @ Able to install separate
antennas to N female RF connecters

Power 65W External adapter

USVel UUVE AlA Holg, 94 H ol 51 A 2~E A EL
B £EEER FUHL, $E TEONA SR Aol B, HE, Aol oS
)

S geol holZZ A VNI POl HESHE ATe SRUG AE
£ BHe] A% AR Table 420 EhAST.

Table 4.2 Specifications of communication hub

Size L160 x W100 x H30 (mm)
Weight 0.43 Kg
Power supply DC 12V 1.0A
Ports RJ-45 for 10/100BASE-T
Ethernet 10/100Base-T, Auto MDIX ethernet port
Switching capacity 16Gbps
Forwarding capacity 11.9mpps(million packets per seconds)
- a1 -
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USVE 74 &&FE3% TCP-IP W o= FAlskAIRE USVe] Alo] A4ks 38t
= nlo]Z 23 2 A A (Micro Processing Unit, MCU)ol &= [P F471 950} ¢lA &
o} webA] Serial - Ethernet B4l AH|E ALE3)] vlo]|ZZZ2A|Ad P H o=
P F4&5 g3t S FAlo]l 7bestAl @k B dAFoA AR MCU=
Ethernet Z2EZ s 4o] E7FsF R o] AHE o]&s MCUZ} aiA 753t
g Fawga oz Waste] MCU $4lgith. 541 Anle] AlE ApeS Table 4.3,

9 #-e Fig 4.50] LFERASATE

Fig. 4.5 Serial - Ethernet device

Table 4.3 Specifications of Serial - Ethernet device

Size L90 x W48 x H25 (mm)
Input coltage 12vDC (9 ~ 18V)
Serial communication RS232
Serial communication speed Maximum 115200bps
Ethernet 10/100Base-T, Auto MDIX ethernet port
_ 40 -
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412 USV - UUV &4l A 2H

USVel UUVZHe] B4l Fig. 4.69F #Zo] =213 & + itk

usv uuv
COMM Hub PLC device PLC device COMM Hub

Ethernet : PLC : 4 Ethernet
Fig. 4.6 Schematic diagram of USV-UUV communication

USV= UUVell GPS= 3+ USVE] 9% dHle]¥], USBLe ©]&3 USV - UUV z+¢]
diiAE BE, AHRSE Taf 7% USVe wakz 5 USVe AlA HolElel &-&
_g_

FHJ

& A F2ls Ao 7 &3kt

UUVE USVel & E&o AFstr] f1g SSS vlolg e} =% 7wt vloly 1
g UUVY AHRSE &all #HS53 Wakz, AAlZ dlo]lH <t Depth sensorg &3l
T& 4 dolgE USVel d$gich

USVel UUV Abole] TAlZ £8&FE3 USV Atole] FAlat &d7 TCP-IP &4

>

& AgaT. B44 $4d0 F4¢ B2E dg Ao Urd AL 98 A
ool A5E T Tk sHEl, THe) A5t ZAHEHE Aol el Aol B
oAUl H3 AN HGo] AM Aol o2 Lo AEIA Ak EF 54
A fAW FANA AEIE AT AL FomE AN A ASH £

4, #3A00E, £% 35 AYHE BReW FAF v Wse =4 @A

of Qg Az A ZE A de 54E 7| & ot webA PLC(Power
Line Communication) 5418 AF&3] USVe] 541 Bl UUVY HEAl 3H Apo] 9]
EAL g
PLC #nl= USVe} UUV 219 & - 45 AHlEe HY 52 £58 43
d s

US
& 9 ROV 2802 A4E 24
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ok

Aol 9|2 Fig. 479 Yeb AL AR A2 Table 4.4} 2.

Fig. 4.7 PLC device

Table 4.4 Specifications of PLC device

Size L64.6 x W46.6 x H16.8 (mm)
Input voltage L 28~ VDC
Max power consumption 2.5 W
Max practical bandwidth 80Mbps
Physical layer bandwidth 200Mbps
Maximum communication range 2000m

$82% - USV, USV - UUV, MCU - MCU, MCU - MINI PC7e] 414 ©lo]l,
Alo] W&, Ao} o]5L st FLHE HH FeHE AGHh B AFNA A8
= B4 HA #42 Fig 4.8% 2t}
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S Start Packet | Command ID Command Payload End Packet <CR> <LF>

1 char 2 char 2 char Multiple chars 2 char 2 char

Fig. 4.8 Communication packet form of integrated platform

7} dlolH &, 2
(Integrity)& AANSHA =11, 7k S4lvich o2 Command D2 FREF22ZH A2
oA HAY 18 37 119 £5& A AA Hole HE&L
Command Payload &l Z3HA =Hw o= AH|Zte] FARIZIo] wal AHE=
&34 Zdolrt g2

pass
rlr
=

o

By ZREY BAL AR OF $HENE AL 2or] o]F Fa FAA
A2 BAAN Aol WASAL ol 3He] FEo| BAFE A 0HFS
ashshach. QA= USVY MCU29| 4S9 £82&old S5k toldE s
TS AL H9A 292 AR L840 By WA AL H9A
92 F1, MCULY A% F4sks 44 Holg 5 541 F717} 714 =@ USBLY)

__<|>,_
HolE F4& A9M &9 £

5 Ao} 753 A% Ao Axos ¥

_{':
%% Aols B4 944 Aoz THE,

AR F% AoJ(Way point trackinge +& &< T3 {4893 HE2ES USV7)
AR FF5= Alo] Holal H3 9] Alof(Dynamic positionings &8 &
= B3 dE€d 4o HEE dgstd nigoly 2/ FFAE I AAE A

shelE Alo] $4olut.

52 9]x Aloj= =T Heading Control 3} Tracking Control o]gtE 71%9] d<
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H ) Heading Control& LOS(Line Of Sigh)t oz Ex Weke 5%
WeFzka USVE] Al w3z Heading S dXIA17171 S8l AlApelolA AAE 3
A7+ 71s°]al, Tracking Control2 &H3% XS sl AXsHA FA 3 W
g7t AA Wedy grEEA dzskeE g elt8] Tracking Control} Heading
Controle] A& FF Aojot 54 914 Alojo] ALH= W42 Fig. 4.9 JeEFARA

Fig. 4.9 Algorithm flow of way point tracking and dynamic positioning control

Way point tracking Dynamic positioning
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of Agd uw Yutdo=Z | Aojr]= Anti-windup AHEE FTHIL | 111017]9]
windup &Jghol] ofaf o] FH o2 Ao] Qxb HASA Fe A, AEd A

Wejol oFololele] @Al Fe& z3a) A% TAN Frse AL n@th o
Aol Weol AT glo] FrkA FF Aol LA} RGO A o FHsof
S ARl o] AR Aol WHol AW FaHA ol Aojgel 2 W)

o2 Ags HY 22ad F37]9 FAYLR A 287 F7RIN.
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Fig. 4.10 Diagram for integral Anti-windup
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27 BeHgion A AFENE AWHoR Fa AEA 2AEY P
4 @23 2ol A

Input,,,,, = sgn( B[ T, W]+ sgn(RB,)[ T,(1— W)] 4.2)

Input,,,, = sgn(]?g)[% W4 sgn(Ry)[ T,(1— W)

o] w22 wakzt AlA(AHRS)® &¥o] -180 "~ 180 " & Y-S ©]
o weh 2, ¢ FA7e FH WF 43 Adtelry. 1 WEgze] 0 ~ 180
Well 2= =4 ofby™ 0 ~ EFE=A et gEA A4 e 0
~ 180 " Well A &= A¢E dE o =43} st AWt Fig 4113 2k

Section 2

-180° 180°

Fig. 4.11 Method for sign decision

o17]4 Desired &= EAFS H3F B3-S YEW L Platform heading2 &
Fo] Wkzy Aol A A1E -180 © ~ 180 " Alol9] e YERiTh E3x WEkd gk
oA 180 " & wjH el ARSI setpointE AAE 4 Q3L Desired 1, setpoint
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Fig. 4.12 Diagram for tracking control
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Fig. 4.15 Thrust control diagram
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5. AAM A A9 H 53 SHF H3lg 49

51 AlA H& 43

T FHE A A, FF, HEE GPSE B3 A AT F oy

B3 ZEolA UUVE] SolAel 92 At USBL, 915 Ani AHRSe] o2
A4 ASAT A sEolAe aHH Ao A% BRe AP T ASH o
olEe) AHEE A MMl M AFo| Fas.

51.1 USBL A% A¥

FaledTY AYERAYH 3% FxdA AY IPo USBL
Transponder& Z#H U= AL Transceivers = Axajo] F&3) X, Y w3k
o7 olgstH HolHE HEIH AHEE USBL AFS 3234 YehiA=
SeaTrac jit:¢] X150(Transceiver)2} X010(Transponden)& A&t Fig. 5.1 =0
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Fig. 5.1 USBL test in water tank
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AddE Al oA 2 # stde 0, 022 Fi Y= U] 53Ty o

At =2 AAH Atk (24, 0.5 Transponders A X|3la 7|ZJX 2 FkoH
28 & &3 USBL A4 e Az dolHE NED HEAE 7|Eoz2 &89S 8913}

Aot 5 USBL AH|7He] Ao 42 0.8m &2 v?ﬂ st A Transceivere] 9x|E o]

AIZ FH A AHAA Y dHolEe ¥ &F stHA FHS3 HolEE Table 5.1
of e AT
Table 5.1 USBL test results
(1) Position(2.4, 0.5) (2) Position(2.4, 1.5)
Number of data : 377 Number of data : 279
E 05 L ] ® [ ] E158
2 S 156 average(X.Y) = (2 2529, 1.5474)
E 0.45 E std. derivation (X,Y) = (0.05. 0.05)
E 04r ] 1 E
average(X.Y) = (2.3912, 0.4788) 1:52
std. derivation (X.Y) = (0.0593. 0.0492)
0.35 4 15® a y
2 23 235 24 245 25 255 26 22 222 224 226 228 23 232 234 236 2.‘36 24
X distance [m] X distance [m]
(3) Position(3.4, 0.5) (4) Position of circle center(2.4, 0.5)
Number of data : 108 Number of data : 238

=
o

o
=
=)

average(X.Y) = (3.3491, 0.3741)
std. derivation (X,¥) = (0.0502, 0.0440)

Y distance [m]
¥ B B2 R E B
-
.
¥ distance [m]

o
w
=

=
w

325 33 335 34 3.45 25 3 35 4 45 5 E5
X distance [m] X distance [m]

D, @, Q) o A% FAA Fejalre] USBL AlAe Al &8ikes Yepbdt
DA Ade A9 Z+ =39 ext+= 0.88cm 2.12cm (2) 14.71cm -4.74cm (3) 5.09cm
12.59cm & Z42F by Aglel Hlgste] exte] Ar7t ARS T F U
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Product name Hemisphere H200
Communications NMEA 0183, UART
Horizontal Vertical
Positioning accuracy [S)](B}%SS 8§$ 8g$
RTK lOmrﬁ+lppm 20mrﬁ+2ppm
Heading accuracy 0.15° rms @ 1.0m antenna separation
Input voltage 3.3 VDC
Power consumption < 2.1W nomial GPS
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Table 5.3 Result of operation time test
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Table 5.4 Coordinates for way point tracking control

Way points Latitude Longitude
Way point 1 35.076380 129.084503
Way point 2 35.076008 129.083708
Way point 3 35.074855 129.084510
Way point 4 35.075195 129.085328

USVY WayPoint tracking with GPS converted to UTM
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Fig. 5.15 Trajectory of the platform while way point tracking
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Fig. A.1 Earth-fixed and body-fixed coordinate system
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Table A.1 Notation of SNAME for marine vehicles

Translational motion Force Linear Velocity Position
Surge X T U
Sway Y Yy v
Heave Z z w
Rotational motion Moment Angular Velocity Euler Angle

Roll K 10) P
Pitch M 0 q
Yaw N P r

QutA 0 2 AEEE A= Ao 778 TFe 2 (AD o JEUASE =E
5

n=J, (v (A.D

2 AlIA p= ATTARTA] BHAN BAD SRTe) A, AME e
We HEo T g APTAREA} AATAREA Aole] AAFLL LEpd
. $ue] v AARAREAL BHNH EAG TAE A
JeriEs Wt 4 A2E 4 ADS AAF FH= 7 8

A29] JERRITE AA 3 b 44 AFTAREAL AALAREAE o v
=
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pb/n

— {ﬂ’ (@nb) 03><3
@nb

03 x3 T(—) (an)

h
b/ } (A.2)

b
wb/n

Table A.2 Vectorial notations used to express transformation matrix

Notations Descriptions
M| Awmaswan aga4 NeD ARz waw A 92
Py = D Body-fixed position of {b} with respect to {e} expressed in {n}
o O] | ATngHEA BN WATBAEAG Apole] 29 2t
nb W Euler angles between {n} and {b}

o Y] wAnamEas sae AragREA g AAY HEE
Ub/n ZZ Linear velocity of the point O, with respect to {n} expressed in {b}
s Pl | vAanamEAs ma9 AraAREAd OB A9 d&E

Wy, = . . .
bin g Angular velocity of {b} with respect to {n} expressed in {b}

coscosf cossindsing— sincos ¢
R (©,)=|sintycosd cospcosp+sinysindsing (A.3)
—sinf cosfsin¢
sintsin ¢+ cossinf cos ¢
sintsiné cos ¢g— cossin ¢
cosf cos ¢
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=3 AAuAHFANN SHY 4E4E ), & NED ZZANAM Z4E 6,2
wEksly] A9 WEgE 7,8 4 A= verd 5 o4l

1 tanfsin¢g tanfcosq¢
7,6,,)=10  cos¢ —sing (A4
0 sing/cos@ cosp/cosh

2l (A2 FFoA 0= +90" Y o MFYH T, EojHS z2HA =
T §A "o AN B =EoA 1
Al FJZZHG)ol £90° 7 He ASE doluA gormE 9o 2 (A4 HEPY

< AHEE F UTR[15]

Al2 7ZA T4t

T4 &g A, USV)9] fEE B d7A=dd o8 s itk g%
9l o] 2 Fossene =9 Hgfo] Q= A 6ALE HAY Mul malo] &
2]9]S HAFSE Maneuvering 3 9%, 79 A4S w#sta AAAE A &
B g3k 12)stE Seakeeping EAS A THI4] Woolseys #¥slA e &

g oM A $19E BASE 98 mde AUdYeHIe) =3 e Al

g2 FA 9 roll ZEDamping)S 7FHsdHAl ke mdo] AT,
7 ¢ Nomoto, ¢ Ak %3 md Abkowitz, 1964 ¢ =49 Y F<(Taylor
series) HIAE 2d 5 Thke Ad AFEC] Y H o gi17].

2
2
>
oo
Ot
ok
£

o 3 P AR Sol aekel 9el S9E Ao AEASIAE FH0l
k.
S8 B9l fgel USVe B2 /s MAR, 8345 FAFH0] Bx
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ohoEd Y BAES ZAZ JPgetn wEel Al 2858 Agshel AAnA
EA0 s BUS IAGE ALED AT HHEES el S5UA
& fEstE A (A5 4 AOHY £VT F Yot

(A.5)

Lw +w < Jw +mrg X (v, +w Xvy) =m, (A.6)

= AAA

L.

A7 me W} EZREY F2F w, ve Table A29] YA r,

HuA o A AA e FASTAH Abole] WEolal L= AAaAHEA Aol

sl 2 AAFPER 4 (AN 2

Ta 1; _[zy_[zz
T I =\ e} (A7)
i2e] _[zz_[zy [z

]

Table A2¢} 2] A7& vtgo g 2 (A5 (A6)s A/stA 2 (4.8)9 AHE A
& % o
mlu—vr+wg—ag(@ +1°) +yclpa—1)+25r+ o) = XX
mlo—wp+ur—ye(p’ +1*)+zolgr—p)+zglgp+r)] =2V
mlw—ug+vp—24" +¢) +2opr—q) +yglpr+pl =22
(4.8)

L+ (L, —1 )q—(r+pg)l + " —¢ )L +(pr—qVl,
—i—m[ya(iu— ug+up)— zG({)— wptur) = 2K
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Lyt L, = L)rp =t ar) L, + 0* =)L+ (@ —1),
+ m[zG(iL— vr+wg) — :UG({)— ugtuop)l =>2M

L+ (L, = L, )pa— (gt ), + (@ —p)L, + (ra—p)L,,
+m [xG(v qu-I—ur)—yG(u vrtwg) = XN

g9 HeE AEe 9, MEe Fuz TWHD A A9 o Fu vehd 5
Sk,

MRBI} + Chpy WV =15y (A9
o] A& ZAZ 7IAgE Al #3 R AEZ o7]A4 RBE ZAI(Rigid body)E

EhdTh  Mp,e A2Elel A@Mas)d FA(nertiadFd, Cplv)e =&

(Coriolis)§l 3 41 Z(centripetal) A#o] L P&, 1, A= 7HeiA=

amAom Usvel} w AEHe FHWS wel &%ahA = Surge, Sway,
= "n=[™Ey]" 22 4
= gtk 7Hget gl ek o
, ZANo| AA TR E
A2 £L02R ¢y =002 F@ 2 A 4 (A109 FE=2 7has i1

m 0 0 0 —mr —mxgr
My, =10 m mxg CRB(V) mr 0 0 (A.10)
0 me, 1, mx.r 0 0
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FEs YANIE 28 FAVE THeiAE F9 HES vE F de 737
ofum Wmo Warets RAetA ¢tk whebA Aol Ao RHEE 4
(A1D3 Zeo] ®FHI Be HZAAY 7T, )% 34 FA7(T,, )
o] Aglel sFict.

B AdFolA EdF JheiAe 3 RHEE FH, 5 AA9] o] BFe=w
7}

Tx Zz)ort + thbd
Ty (2;01% - thbd)B/2

USVe] %317 DWTEKiie] DWT6532 #7718 AH&39T #717] A=At A
AFH 4e TRIPL B3 AP} AN AT HolEE Mo FYF
AE T8tk F217)o == WEe Bele -7000 ~ 7000 RPM oy %17
o] &2 -1000 ~ 1000 RPMo.2 3|1A%S I|AEEAE T3l &<ttt 0 ~ 1000
RPM 73+& CWE -1000 ~ 0 RPM 77t& CCW=E &3t 31719 9 J4 &

Fad1 1 AFE Fig. A29 Fig. A30] LFERRIT

—_

Thrust per RPM CW

Thrust [kaf]

1 A1 L 1 1 L ]
0 100 200 300 400 500 600 700 800 300 1000
Speed [RPNM]

2 1 1 1

Fig. A.2 Thrust curve between CW direction rpm and thrust
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Thrust per RPM CCW

Thrust [kaf]

_2 1 1 1 1 1 1 1 1 L ]
] 100 200 300 400 500 600 700 800 900 1000
Speed [RPM]

Fig. A.3 Thrust curve between CCW direction rpm and thrust

243 dolEE ngoz 789
o 0 222 905 kefolth, ASa o]

12 Ao e wdsE 48 AN FEne WA A A129
s3]

Al3 A9

ZHEFol T, FFAA 57T o FAL A g met EFHFY &5,
74559 2 5 AH did FAIZRHY oY FEHO 9 ERETE A
gtk o)A ® fFAA o EF;EF JHEiAE FH BEREE FAY olg sty A
Al 474 842 F7E & 2 4 AlDAE e 4 dth

Mﬁ/, C,wv., D), gn) (A.14)

714, ML F7Fd7HAdded mass)ol 2|3 #Ad(nertia)dE, C,(v)& F714
Foz g F&Y(CorioliF = A H(Centripetal)e YeEATE. D(v)= 724
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Camping @2 T, LA, FA9 ULE, HAE AP AP Ty
gn)= F¥ 3} B2 (Gravitational and buoyancy)ol] 2t EU= 3 EAnWE WE

olt}.

UM Al2™o] ZAFEHsSs =8ty 7HElRel A SUES F4dol A4
AT s, FRES ALow 3T A FA B

FES AP E] Fel=E HFert kA e 7

Fe e, 7Y & At HYgdE PEE USVY AslA Roll, Pitch,
Heave ¢ 93ke o}F Ztha 743kl Surge, Sway, Yaw 3719 d3} mdlEd] o
3 EFH 2 (A15) oF o] ©<e3st AA EFE & JrHISL

18 o

ok

-X 0 0 0 0 Yur+Yr
M,=| 0 Y -Y|  C = 0 0 —Xu, (A.15)
0o —N —N —Yu —Yr Xu 0

D) E FASE FARLe FA% BAF 2o FUE=d JEte FA174
9¢ myshod Be A9 494 dold glol uRy MugA Ay
g gt A8 ASE THE A WA Utk 9] Wb AA} AF, #
A : 2E

o
=
Kl
)
&
fo
o
il
fo
> of
o
rlo

Avha spgatel 23 o)l AARAY A
e 58 2 (A16)9} (AIDS o] ZHHS %
A3 A FATHE O Jebd £ qln,

tio
—a
>
o
o
92/
_ﬁ
L‘i
b

D(v) =Dv+D, v (A.16)
—X, 0 0 =X, lul 0 0
D=|0 —-Y -Y| D, = 0 — Y, 1ol =Yl (A17)
0 —N, —N, 0 =N, [l =N, Irl
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D, D, 77 AZFARA G v 44724 8S e,

Ao R g(n) BB FEFA T FAFAHC] A= AR FIFS A
=9 4 o BEAY AA FxA USVe F& 32 Surge, Sway, Yawel&
=

o2 IA dFe MAA X sEE dFe aLskA F=rH201

e
o

_lZi

ZAe BABLH 7oLl
P Heta 74 WL} BUY

A= Agd + Ao

Mv+ Cwv+ D+ gn) =1+, (A.18)

Aol =3d FEe Y. Dt AOamping¥E, g= FHIA FH
(Gravitational and buoyancy)ol] &3k B8z EAwdE WEES el A9
e FSHE ZFNE 59 9% BANA AEsE Y7 wUE Agolth 4
(A18)¢] #HH AE=S AF gl FE 24 (A193 Zo] Yed 4 Ut

(m—Xﬁ)d—mur-i—(Y;vrr—i— Y;r—ma:Gr)r—(X +X|u||u|) Tx

(m— Yv)v-i— (mx,— )ﬁ)ﬂ—mur—XiLurr—(Y; +Y, ||v|) (A.19)

(Y + Y|T||7“|) TY

(ma —N)z.)—i— (7 —N)?—(Y-v r— Yor+merut+X uo
G v Z r vr r G u-r
— (N, + N, Johv— (N, + N,y [r))r =7y

Al4 873 &F

4 ALAA SR e BARFS T T2 FRE 2RHF HIHE
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tlo
H

gt & dFlMe T i ElA USVel A= F&Fol Azl F

= WS Fig AdoAMA7 2zt

{Ogaemad i

Fig. A.4 Coordinates and representation

for environmental forces

ol

3%

Totsol o I3 ZRES Fobr] 98 AdAed thd &=t

K

Folob k. Fig A4HT AFLAREANA FahFe] FFol BolH@ A
gt vt JhEEE 2 A2048 3T 5 ot
Uy, = V,c08(1h, —1p) +u (A.20)

Upe = szin(i/Jw —)+v
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e 4 A2DE o 43 T+

< y
g 5 ok A DAL= FUEE 45 B9 2 X YN B U9 wuE

T/rel Upeq +Urel (A21)
77Z)7"el _tanil( rel )
Upey
Mure] )@ F54% mule Fossend) F54F mdg Agstn] TPEo| Hgdts
2520 Pt wAES A A2AHH Uerd 5 oHl4)

EC (wrel)p(zl/;elA
Xwind 1
Noyina|= 50 (1/}7@1)pa V;HAL (A.22)
Y;ui’n,d 1 g

EC (¢7(’l)pa1/’l‘f’lA LJ

CyW,.,) =c,sin(y,,,) (A.23)
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CN<¢T€ l ) =

c.sin(2y,,,)

Fossenell &Jst® ¢, ¢, c.& 44 4 (A24)°] Yerd Fgho] £2iti{14]
€ (0.50,0.90) , ¢, € (0.70,0.95) , ¢, € (0.05,0.20) (A.24)
A, A 7 AEYBF(Frontal projected area)d =% A (Lateral
projected area)= UERATH EFEFARY A, S FF WS AAEHS 7Hte
2 Asigth 248 B8R 4, ()= A, ()= oItk
2 A7oA Fokse A4 o el A7 Table A3 ol st AHa
oH211.
Table A.3 Beaufort numbers and their corresponding wind speeds
Beaufort | Wind speed | Mean value 2 ol .
number (knots) (knots) Description of wind State of sea
0 <1 0 Calm Calm
1 1-~3 2 Light air Calm
2 4 ~6 5 Light breeze Smooth
3 7 ~ 10 9 Gentle breeze Smooth
4 11 ~ 16 13 Moderate breeze Slight
5 17 ~ 21 19 Fresh breeze Moderate
6 22 ~ 27 24 String breeze Rough
7 28 ~ 33 30 Moderate breeze Very rough
8 34 ~ 40 37 Fresh gale High
9 41 ~ 47 44 Strong gale Very high
10 48 ~ 55 52 Storm Very high
11 56 ~ 63 60 Violent storm Phenomenal
12 < 64 - Hurricane Phenomenal
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Ae FHstA mEgA e FAH S 1% PH O Runge-Kutta 42 &

Abget T2l T Al elde] A2 off Fig. A5 AT
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Thrust Farces ‘

Acceleration T velocity
=]

2 L Inverse of Inertia Matrix
Position & Velacity

Position & Angle

Fig. A.5 Structure of simulation program

Fig. A.6e USVel oj&S Z33t A, 3d &Fol i3k AEdeld 2ol

ST 0 BFAA Imfse] WS Ztdtel £Ystath 59 ToTE HH &5
o A7g, $29 1YzE 18 M 259 Aol
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Fig. A.6 Surge motion and turning motion simulation result
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Fig. A.7 Turning motion and wind driven forces
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X-Y Trajectory
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Fig. A.8 Simulation result of way point tracking
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2% B A THE 2 =

Bl st=Ho ¥F

Fig. B.1 Battery of USV

Table B.1 Specifications of USV battery

Size L660 X W85 X H175 (mm)
Weight 13 (kg)

Case Aluminum(2T), Waterproof, Seawater resistant
Voltage 25.9V (SOC 0-100% : 19.6V ~ 29.4V)
Current Nominal < 50A, (Peak 60A < 1.5sec)

Protection Over charge, discha_rge, current, heaF protection
Cell balancing, Short protection
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Fig. B.2 Winch BLDC motor and motor driver

Table B.2 Specifications of Winch BLDC motor

Size L114 x W90 x H90 (mm)
Rated Power 300 W
Applied Voltage 24 V DC
Rated Speed 2000 RPM
Poles 4
Rated Torque 1.43 N-m

Table B.3 Specific details of Winch motor driver

Size L164 x W88 x H46 (mm)
Input Voltage DC 24 ~ 48V(£10%)
Rated Output 750 W
Nominal Current 30 A rms
Motor Feedback Hall Sensor
Power Consumption Within 150 mA
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e e ()
. _________________________________________________3}

Fig. B.3 MINI PC in USV

Table B.4 Specifications of MINI PC in USV

Size L175 x W177 x H34 (mm)

Weight 1.3 kg

Processor 6"gen Intel i5-6500T (4MB/cache/2.5 ~ 3.1GHz)

Memory 4GB DDR4-2400 SODIMM, expansion slot 2DIMM/max 32GB

Internal memory 128GB SATA SSD

GPU Intel HD graphics 530

Network 10/100/1000M Ethernet

Power supply 65W external adapter

Fig. B.4 USV front camera and rear camera
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Table B.5 Specifications of USV front camera

Size L246 x ¢ 70 (mm)
Housing Aluminum [P66
Power 12V DC (£10%)

Resolution 2560 x 1440
SIN ratio 52 dB (AGC off, Weight on)
Infrared distance 4 - 7m
Image sensor CMOS

Network interface

RJ45 10/100MB Ethernet interface

Table B.6 Specifications of USV rear camera

Size L48 x W41 x H35 (mm)
Housing Plastic P66
Power 12V DC
Resolution 1920 x 1080
Processor 1080P Hi3518 1/2.7 COMS GC2023
Infrared distance 4 - 7m
Image sensor CMOS

Network interface

RJ45 10/100MB Ethernet interface

Can

Fig. B.5 UUV underwater camera
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Table B.7 Specifications of UUV underwater camera

Size L82 x #68 (mm)
Housing SUS316 (Stainless steel)
Power 12V DC(£10%), 2A

Pixel 1920(H) x 1080(V)

SIN ratio 50 dB >
Lux Color 0.01Lux @ F1.2
Image sensor Color 1/2.9 CMOS SONY Sensor
Resolution 2.1 Mega pixel

B.2 A|o] Rt 3=

RLLELL)]
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] [
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©
o
(@ et
'lo
(0]
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O

Fig. B.6 USV control board modules
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Fig. B.8 UUV control board PCB artwork
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Fig. B.9 UUV control board schematics
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