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Research of Unmanned Surface Vehicle Combined with Remotely

Operated Vehicle System

Jung, Dongwook

Department of Mechanical Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In this paper, a new hybrid system was proposed to overcome the cumulative
navigation error problem of the underwater robot and the battery problem for
long time operation. To solve these problems effectively, a hybrid system that
combines an USV and an underwater robot was studied.

The USV connected to the underwater robot with a tether cable, enabling GPS
data transmission and stable power supply was studied. In addition, by installing
a winch system on the USV, it is possible to move and retrieve underwater
robots at long distance or at high speed, and depth control of underwater
robots is possible. The underwater robot equipped with an underwater camera
and a multi-beam echo sounder which can acquire underwater image capture
and undersea topography information and can transmit it to the land in real
time was designed.

A Line-Of-Sight navigation was studied for the hybrid system to move along
the given point. Also, Dynamic Positioning algorithm was studied for the USV to
perform its position-keeping while ROV is doing underwater operations.

The good performance of the USV was verified by simulation and
experiment using the developed testbed of USV-underwater robot.

KEY WORDS: Unmanned Surface Vehicle, USV, §-Q14/34, Remotely Operated
Vehicle, ROV, 7134, Hybrid System, Dynamic Positioning
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, G,

y

01 0
sinf 0 cos@

—siney cosy 0

l cost siny 0}
0 0 1

1 0 0
C,s = |0 cos® sind
0 —sin®d cos®

lcosﬂ 0—sind
0 =

costypcosf — sinycosh + cosypsinfsin® - sinysind + cosycosPsing
J, (ny) = |sinypcosh  cosypcos®+ sindsinfsiny = costsind + sinfsinycosd (5)
—sinf cosfsin® cosfcosdP

MR g HEAZ EdEE AR e p,=[pgr]f9 2d 4% W

my = & 6 P ore] WAL Wek W g (n,)oll 23] Al (6)2} Zo] mAS 4 9tk

¢ P
Q *J2(772) q (7)
" r
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1 sin®@tanf cosdtanb

0 cosd —sind
o () = sin® cos P (8)
cosf cosf

AAQ] EASAY 2540 RME = Al (9= YERE & QlTh
re= [xG Ya ZG] !

T = [1513 Yp ZB] g ()

2Ae 6xLp = 25

o},

7Y FEPEANA FEE A (10)ez2 YEE & 9l

rlo

m[z)—vr+wq—xg(q2+7”2)+yg(pq— 7-”)+Zg(p7"+¢.1)] =2X
m[i)—wp+ur—yg(pQ+r2)+zg(qr—b)+x9(qp+5")] =>Y
m[iu—quva—zg(p2+q2)+a:g(p7"— (.])ﬂLyg(pTﬂLll.?)] ="/

Lo+ (L, —1,)ar— (r+pg)I,, +(* — ¢ ).+ (pr— @)1, (10)

yy Ty

+m[yg (w—ug+vp)— Zg (v—wp+ur)l = K

. . . .
L,q+ (L, — L )rp— (ptqr)L, + (p° =)L+ (gp— 1)L,

+ m[zg (u—vr+wq) — T, (v—ug+ovp) =M

Izz7-n+ (Iyy - I.’L’.’L’ )pq_ (q+ rp)Iyz + (q2 - p2 )Izy + (Tq_ Z:))I.’I:z
+mlz, (v—wp+ur) =y, (u—vr+wq) = XN
AAY B 54 HAIE UEUH, ag2 Aol mel =419
HAoM X, Y, Z= AAI9 BAlesol digt
oy, KM, N+ AesS & o s ot AAY FAls 7Iger 2t ¥
_]

of ofsh chel WL st 9oz ARoMY WYRMEL A (1102 Yehd 4 9ok,
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AL (10)F Al (1) A=fsto] 7haststd Al (12)eF o] UeRd & gl
m(u—vr+wg—z, (¢ +1°)+y,(pg— 1)+ 2,(pr+q)) = TX
mlv—wp+ur—y, (> +p*)+zglqr—p)+z,(gp+ 1)) =Y
mlw—ug+vp—=z,p* +¢")+z,(rp— @) +y,(rg+p) =XZ

Lop+ (L, — 1, gr+mly, (w—ug+vp) — z; (v—wp+ur) = ZK

L,q+ (I, — L.)rp+mlz, (u—vr+ wq) = z, (w—ug+vp)) = =M

L+ (L, = Ly )pa+ mla, (v—wptup) — y, (u—vr + wg)) = TN

olm o=l ol Agste e sty cheo Al (13)7F Zo| SAelaA
T3, Aol fA= D ojo wE ZHzte) RRlESo] QU

ZFO = thdrostatic + Eift + Fdrag + Fcontrol

EMO = Mhydrostatic + Mtft + Mdrag < Mcontrol

Fedt WS S5l VA AR 2 AY =F BEAMe ARSI #
2Ql 40l €5 54 Tefsto] cheat ol Basty 4 ot

DYy, =mylog+upry — yUgr2U+ ngr-U]
YNy = IUZZT-UjL myla Ugv-U_ Yo, (U-U_ vy )]
EXp = mplug—vgry— nyr% — ngr-R)]
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XYp= mR[i}RwLuRrR—ngr%wLng?."R] (15)

29l 24HS X, Y. N Al 7B AREE, 2ol e X, Y. Z, N Ul A AgEg
ZHeth 22t0] LEWAAL A (14)9h A (15)0] Uehfolct. AHgE WAt Table.3o] 42
shoict.

<Table.3> 201 24 % 29l A2 25 WA

Classification Axis Motion I L9 & Velocity Displacement
Moment
Usvy X Surge Xy Uy Ty
Translational y Sway Y, vy Yy
motion . Heave B B B
Usv X Roll 5 - -
Rotational y Pitch - - -
motion 7z Yaw Ny Ty Yy
ROV X Surge Xp Up Tp
Translational y Sway Y, Vg Yp
motion z Heave Zp Wp Zp
ROV X Roll - - -
Rotational y Pitch - - -
motion 7z Yaw N TR Vg
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F, = (T,+ Ty)(1—t,) = (miD,Kp+ pn3Dy K1)(1—0.6) = 0.4pD, K(n} +n3) (21)
F,= Ty(1—t,) = (pniD,/K;)(1-0.6) = 0.4pn;D, K
F =0

N, = Ty(1—t,)xd= 0.4pniD, /K, xd

N, = (Ty+ T,)(1—t,) xd = 0.4pD, Ky (n{ + nj) xd

Y G AL AleS2 Table 400 Ad2jstict.

<Table.4> S =HI Al Al

Parameters of propellers

Water density p=1031 (kg /m?)
Propeller dimenter D, = 0.2m

thrust coefficient K, =04

thrust deduction coefficient t,=0.6

Water raft of Unmanned Surface Vehicle d=0.5m
The distance between two forward

%t}?rn:j.thrusterbs RB=3m

e distance between two port or

starboart thrusters ’ RL = 10m
Revolution of Propeller] (rpm) n, =0
Revolution of Propeller2 (rpm) ny, =0
Revolution of Propeller3 (rpm) ny, =0

Thrust force of propellerl T, = prLlD K,
Thrust force of propeller2 T, = prLZD K,
Thrust force of propellerd T, = pn%DnK

oA meiE 27to] ASEL YNEOR fiYustel W e AL ET 2 Ytk
b Ae B9 240l Aot 3G A URhd Zlolo] MY 24, RibAg @
]_

71, 2017)
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X=X, ulul+ X ut X,wq+ X,qq
+ X, vor+ X, rr—sinf+F,_ + N,

Y =Y, whl+ Y,,rlr+ Ybij—f- Yﬂ.‘—f- Y, ur
+Y,,wp+ Y, pqt+ Y, uv+cosfsing+ F, + N,

N = N, plvl+ N, rlrl + N.o+ N.r+ N, ur + N, wp
+N,,pq+ N, uv+ (x o W—x3B)cosfsing+ sinf + N,

A (16), (17)aF A (22)E ©ol&5to] Fig.309] &AledoldS 2AlsAH.
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<Table.5> A1M 9 3|X z=3)

AlE2o]

VS

e

24

Linear Simulation condition

Propeller

RPS = 3 (A Z=41A)

(round per second)

Heading
Angle

angle = O(degrees)

Circular Simulation condition

Propeller

RPS = 3 (A9 ZAIA])
(round per second)

angle = 20 (degrees)

<Table.6> AI&538) AlEgo]Md =71

x_.1 =20 ,y_.1 =140 (m)
x_2 =40 , y_2 = 50 (m)
Way x_.3 =60 , y_3 =70 (m)
point x_4 =80 ,y_4 =80 (m)
x_5 =120, y_5 = 85 (m)
x_6 = 140 , y_6 = 80 (m)
Ae Sm A
u 3 (m)
e (p.)
Speed (Knot) 1(Knot)
- 32 -
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Fig.332 53 Z2E9] Aloj d1el5g eslsto] Uepd Zolot Aol gue]E2 37
Al @72 ol 272 2339 AJE A4 2 B3 Wl ols,
Initialize TAOIA A QI7F & F Alo] AARLZ AR Z3HF] AAel FAISEHIE Adst
1 oole F/Y OVl dHE Uttt ol% PPS JAT e Positioning T@AlR Holrt
Heading} Tracking Ao ¥il2]&i} PD A|oj7]& &l & HAI2 o]&st=t o
LOS (Line-Of-Sight) g¥-g o]&sit}h(4.48) =

=
AxEe LEste] AAYS Masti, F4gel SE 440 =YW DP(Dynamic

Positioning) 71’52 AHg3lo] FA| ZAFo] 54 XIS SAIet AelolA AYL ABFL 5
Q=S @k A B2 ¥ oAl Initialize BAR Sobrt ohg B oyl HEl SUdAch

RS-232 RF
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AHRS | "RT_} Micro Processor
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12v

Power
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Communication

<Fig.34> A}&5388 A|AEl L&

Fig.34+= FRApAAY Atafel AlA®o] AMEH oio]3z Z2AAN9 7|55 Hsh U
Bid /g woltth. Ae3dd AlAHE AlR|Yd SAlS o835t GPSet AHRS=RE ZH7F 9J%]

oF AAl JEE T A" 2 G ES ol&sl FAVIE s
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B 1| Y~ Yu
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Yye S& Heading 2k, ppe AES UEMT Ly le A 74 28489 x4 y 9
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<Fig.36> Dynamic Positioning

Fig.36& folpAMel 29 7]% £ 519l Dynamic Positioning2 7t

o]t}. Dynamic Positioning GA] LOS ¢i2]&S AMEsto] 72]9t Heading

o}.
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ASE s AE

5.1 GPS d&5 Al

GPSO] E4 A AW 7t = x7] BA Aot gATte] Ao] A oA gol HlojE{o]

?_1_
AE/gdol Rk 2 AlgoA = ol YA sl Ad A7F & 20&0] AI'd & £E9 gl

Static AJEfollA9] Alg2 HAttistw W JAEEES GPS dlojHe] 7|EHoz2 o]&st%d
t}. ol FEAYPEY FAHEZLA AXSE AAIE R 5 stuolth. Alge 52 229
GPS 3 & ARE35to Xidistgon zF GPSe] AZE]l& = Signal to Noise Ratio (SNR)C =2

&stelct. GPS HlolE 9 #3371 0.1s, 10Hz2 AAskT

&

Fig.372 HAtdistu U JVAIERE 7|&2= £°83F GPS Hojg & 2fjmz Yehd o]
t}. 3¥ GPS7} th2 GPSo| ulsf QAHF 0jS 2 AL sHolste 1 o]= GPS st=go] AHA|
o] ZAlZtal HHsted 3H GPSE AlQleh UHA] o8& #AI5te Fig.380 YUetU]ltt.

Me
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GPS 7l ojo|Ef

12904 492
12904 492 e
G ® GPS1
. i g:"’ GPS7
12904.491 e %; .. ° ® GP52
L ]
° ® GPS3
s L] °ﬂa0°li- :o’ L] - _
12004 491 ¢« To Sta, \?A 2inE
] L o ®
r 0.4t i *e%s o eGPSL EF
s " 3¢ g e aqg o @ -
12904 49 - ® Vg w eGPS2 ER
) eGPS3 BF
12904 49 oGPS BF
12904 489

3514033 35140335 3514034 35140345 3514035 35140355 3514.036 35140365 3514037

<Fig.37> GPS 7i8 H[°oJF (1. 2, 3% GPS)

GPs 7idl o] Ef

12904 492
12904.492
12904.2491 | | ‘-'.
8 GPsl
12904291 ! . 4 %:’3‘"‘ .prz -
[ Y " TR
o  othap y . e Ez
12004 49 :..'. LY ) e o9 Cl. L[] L [ ———
.‘s'*
1290449 .
12904 482
3514035 35140352 35140354 35140356 35120358 3512036 35140362 35140364 35140386 35140368
<Fig.38> GPS 74 djolg (1, 2¥1 GPS)
<Table.7> GPS Tj|o]E] Hdgt
olg AT SNR olx] @A}
GPS1 35.2339399 129.074858 45.89 9F 1.5m
GPS2 35.23393002  129.0748372  40.98 oF 1.8m

JA] &R 35.23393756  129.0748449 - -
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<Fig.39> GPS 7l dlo]¥ (DGPS)
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<Fig.40> GPS A& HAE Al YA

GPS Dynamic Test
129.087
129086
129.085
129084

o GPS

129083
8 Stat

125.082 ® Half Poirt
129,081

129.08

129.079
35.0715 35072 350725 35073 35.0735 35.074 35.0745 35.075

<Fig.41> GPS 5A& HAE AlY ZAxt

o

Fig.412 GPS Dynamic HIAEQS Al ZAitS Uepd TJojmo]

s wred e =of oA EEFeR Sotes F=7F AEs #AIE e HUE & AT

f
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5.2. Dynamic Positioning 45 Al¥

0l 2AMM0] 2 Q 7] % shuel Dynamic Positioning & Z@iZo] E4 9]%]
R

<Fig.42> Dynamic Positioning Al& $JX]
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USV Position -

[. = 25X|H ]

<Fig.43> £Q14541419] Dynamic Positioning A€ A}

Fig.432& ©.9l 2AbM O] Dynamic Positioning Alg A32 Iz 2 UeRH Zo|c),

Joltt. 24
Mg 28 AFoRYE 5m v Yol YxIStES MASIRL AlF AR Al AN AEe
A5 2& Ao YE el o] EstATHE THA] BstEE stk AW 3087t KasA
on] Rl AIZHEeH 5m olujo] QxS slat siE Soll ols) 5m Yo Yoy

Aol AAAR Al FHstE oS HAY 4 A
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USV DP Test

14144
14,1435
14143 |
14,1425
14142 |
14,1415
14141
141405 |
14.14
14,1385

14139
36.295 36,296 36.297 36208 360299 /)36.3

36.301 36.302

<Fig.44> 3]0 2] Dynamic Positioning Alg ZAxt
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<Fig.45> 221 Aol A% Ald 9]

Fig.4b= 4 Ao 45 AldY $IAlE UEHE. 20l S/gAlo] Al=of mAIH FhrofA
Dynamic Positioning 7152 4888H= =9F = Ao X
ojstitt.

Al Aloje = dAZ Uieo] XIsEstich &£7] AEjoA Rl e A Im7HA] Al
F5u)

A Ao}, TA] 24l 2m7tA] &l2sF 5] 587 dlojstoitt. Bol Akaxe
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E
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<Fig.46> YA 34 Alo] ¥5 AP 2t

Fig462 44 Aol 4% A1@Z3} clolelg Yehd Jejmolct. ol 0.5s, 2Hao &
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Transciever

Reciever

xy = 1,5inf

Yy = l.coS0

I = \/(m1+m2)2+(y1—y2)2 = \/(m1+lcsin9)2+(yl—lccosﬂ)2
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<Table.8> Waypoint Xt&

Waypointl
Waypoint2
Waypoint3
Waypoint4
Waypoint5
Waypoint6
Waypoint7
Waypoint8
Waypoint9

A=
35.07488176
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35.07600941
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12908411189
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129.08548313
129.08514893

<Fig.50> Waypoint Z}&
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Torpedo ROV

Index Value Units
Length 1550 mm
Diameter 250 mm
Width 560 mm
Height 450 mm
Weight 45 kg
Buoyancy 20 kg
D. #ARS7E 2A Al
- 55 -



Tecnadyne Model 300

35 MY 24V
A0 Ar M2 20A
&) =2 oF 7.7kg
AT AR =4 850m

DSP F28377s

32bit H+E (C28X Core +

s 3obit A4 QA QU

oLt 59 200MHz, 200MHz CLA
RAM : 164kB FLASH

E=E] 64k / FLAS

1024kB / OTP : 4kB

Q= olEjmo|A

16bit/32bit 25 W 22| 2IH

00|,

Z|CH 4MB
DMA 6CH
27t 7Is ElO|DY, PWM, ADC S
GPIO 887H
s SCI, SPI, eCAN, mCBSP, 12C
HEQOC Flash, SPI, SCI, eCAN, LH&
T RAM & 167X
>0 dY Core : 1.9V, IO : 33V
£x o A BT : -40 to 85 degree C

S B : -40 to 125 degree C

F. DSP F28377S A4
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AteRx-m OEM

200mA/RF connector

e d¢ 3.3V
- OHE|L S5 H& 3-6V

Z|Cf otEIL} =

=

T

oF

B 2R HE

<6mA

e

= K=

External antenna : 5dB
Internal antenna : 4dB

External antenna : 10-40dB
Internal antenna : 0-20dB

%Eﬂ'—f 248 dod 500hms
5= IP3 0dBm
s¥\ 2= -35 to 85 degree C
G. GPS A|¥
EBIMU-9DOFV3
s dY 3.3-7V
A0 MF 40mA (5V 35 &%)
s 2= -40 to 125 °C
M5 58 "4 +16G
HHHEd 0.2 %FS
zo 58 45 250-2000dps
37| 15.6mm X 18.6mm

H. AHRS A
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DM4000

> 4g 9-13.8V
A0 ME 100mA (Transmit)
& 2k -20 to 60 °C

RF GIO|E| RM&&E

Half Duplex 4,800bps

RS-232 H|O|E] M&4 = | 2,400bps ~ 19,200bps

x4 Y9

424.7125MHz~424.9500MHz,
447.8625MHz~447.9875MHz

= 122 X 70 X31 [mm]
S £ 10mW
T 4 -118dB(12dB Sinad)

Z|CH Skm

L RF $2417] Al

Latte Panda

CPU Intel Z8300

o 22 RAM : 4GB
NEst eMMC 64GB

USB ZE USB 2.0%2, USB3.0*1

eto|mto|, R FA X[¥

Windows 10

Arduino L{%&

]J. Latte Panda A|Y
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A63K-G5913

sa HY 24V
g4 dF 2.8A/Phase
oy X E= 6.3Nm
Step Z 0.72° / 0.36°
Rotor Inertia 4000 g- em?
K. AHFRE A
SeaTrac x150
. 33 Y 9-28V
; AR M= 6W (Transmit)
S5 2= -5 to 40 °C
L& A =%, 2%, AHRS
S0 Ae| 1km
K. USBL A¥
MTi-30
su d¢ 4.5-34V or 3.3V
20 M7 500mwW
S5 2= -40 to 85 °C
Standard full range acc | 200 m/s2
Bias stability gyro 18°/h
Output frequency Up to 2 kHz

L. AHRS A
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PSH

s de 11-28V
A0 ®MF 20mA (Transmit)
S5 2= -20 to 80 °C
gete +0.15%FS(RSS)
=8 el 3bar

M. AR AL

COP Series
eI 3 9~18V, 18~36V
e 30W, 50W, 100W
k=3=1 oF 75%
S 2k -40 to 85 °C
Switching Frequency | 300kHz
Output Tolerance +2%
Ripple & Noise 1%

N. DC-DC Conveter A
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