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Hybrid underwater glider Navigation system design and leader-follower

Navigation system with Unmanned surface vehicle
Jeong, Sang Ki

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

Abstract

A significant concern of the underwater platform is to measure position and
posture in the water accurately. However, due to environmental factors, limited use
of GPS data is the most critical of the navigation data. For this reason, the
navigation system in the water has a larger proportion of the indirect navigation
system using the speed and the acceleration, and this method has a large error.

To solve this problem, this paper proposes a leader-follower navigation method to
measure the position and posture directly in the water. Leader-Follower Navigation
is a way of sharing location and distance information of Underwater Vehicle and
Surface Vehicle. To do this, each navigation of the underwater vehicle and the
Surface Vehicle is required, and a navigation algorithm is needed to connect the
two navigation systems to one navigation system. Also, it is necessary to use USBL
and underwater communication modem to know the distance between the
underwater vehicle and Surface Vehicle.

In this study, a hybrid underwater glider was selected as an underwater platform,
and a Surface platform was used as a Surface Vehicle. Hybrid underwater gliders
designed the control system by applying neural network self - tuning PID control
algorithm. And to create hybrid underwater glider navigation, 6 DOF based motion
equations and ARS (Attitude Reference System) were designed. ARS is implemented
with Ring laser gyroscope, a geomagnetic sensor and extended Kalman filter. The
Unmanned Surface Vehicle was implemented by applying GPS based navigation. And
the Leader-Follower Navigation, which connects two navigation systems together, is
implemented using a neural network-PID parallel controller.

To verify the validity of the proposed Leader-Follower Navigation, the simulation
was performed using Matlab / Simulink, and experiments were conducted based on

the simulation results.

KEY WORDS: leader-follower navigation, hybrid underwater glider, Unmanned
surface vehicle, neural network control, PID control
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Fig 1.1. Ocean observation satellite

ol#g a7l o8l nitt&e] =E| AR HH A8E FHEAsA F537] Pig
1.2¢} o] 2 #ZEA(Profile ARGO FloahE o] &3ste] A A7 o & nigts
Zskar ok (Bke 4] 9, 2012)

it
i)
R
ki
il
r ol

A AAHCE 33 oo £1 BEEAL £F NIRRT S

A4e Bl ARE FHSHL Utk TPY £F B2 SAE 222 5T 5

Collection @ kmou



2
HEE e W95 OUR AFFFARE FAFE O BEHD Yoy wit
o AUVE olgstel B9 £3
o, AUVS 4838 7152 7FAD 3710 W AGE FAE + dE A2 2

&F3 FAeAArE a5 gtk (Webb, D.C., Simonetti, P.J., & Jones, C.P.,

2001)

stolBelE FITITdolts ol 878 UHH st MER FT AN
BA, 72 #S5 EA9 o] AR FHe 2™ste] w2 o], Autonomous
Unmanned Vehicle(AUV)$} ZEo] ARg2E7}F Ao 7hedk 2o thal A A& 3
o] 7bsstal, o3 SHoE FEITolts A T =7keh AgAlA
285 3o, FaSEE B oty AR FHoRE &3] i &
4% 3 Joh.(Stommel, H., 1989)

SHAIRE A AlBEE 4E FTelde eI 4 way point o =23

Collection @ kmou



1 AZEE APz B4ste Global Positioning System(GPS)tl o] E]& ¢ =3t
o} T} way point® ©]E3te WAS AHE3stal ol Fig. 149 Zo] A AYE

=& F JAAT AL FRA 7L HA Ee

25l FAAe] dHAE Tl Hol
A" FHE 71 stelBY e FFEEgkolr o FFolA AXNE g AF
3 @ & de FY A=8le 43 Ulra Short Base Line(USBL)¥} GPS, —1#]iL
R 271 A4 2 Ring Laser GyroRLG)E o]&3le] 4, &5 Ao Al=H"

< dAFstanh (FA7) 9], 2015), Joshua G. Graver, 2005)

LL1 721 s &FFA

FEredholts 20008t =RE wlmelM Hz JREo] &7jEflen 3

o\

(Slocum, Spray, Sea glider)e] 48§ ZgtoltE #Auj= L ATt o]F Thekgt

A=
o v T

Dol

2tolg 7t AEEgem §xo wat IA dFEAE, FAEOE FET
T SHA A= s Aol M ok (BFEl, 2013),
(Gianluca Antonelli, 2010), (Sherman, J, Davis, R.E., Owens, W.B., & Valdes, ]J.
2001)

Collection @ kmou



Table 1 Specification of commercial underwater glider

ol & il &= e olsAd A Z AL
Slocum 50kg 0.7knot 1,000m 4,000km Teledyne Webb Research(¥])
Spray 50kg 0.5knot 1,500m 4,000km Bluefin Robotics(71)
Seaglider 50Kg 0.5knot 1,000m 4,000km Kongsberg('z)
SeaExplorer 60kg 1.0knot 700m 1,000km ACSA(Z)

| Selider Sea Explorer

Fig 1.5. Commercial underwater glider

|
o
o
™
k)
(n
5
oiN
il
)
o
o
=z
o
3.
o,
c
=
&
<
S
(¢}
=
=
QL
g
o
o
™
_Y‘i
-1)
o
il
k)
o
o

_5_

Collection @ kmou



@ LA FAld =i BFES 2He L AAE Aot s ol
@ A zo] R AYdor APstr] HsiA @9 @< W
X Ao =t M FAE & RS FHUE =
® 8T B FASAES o83t GPS f1A 9 #3E ARE AEF 4
g5 th7]. (Rudnick, D, L et al., 2004), (Smith, R.N. et al., 2011)
T Felurt FE HAFHANAT FHS -}
| wl-¢ =t =3, FFoA &4 HelHE A5

3t7] g8 A4 ool Wad A9/t WASEE oy Solngs FFFelol
S

ml
HH

i
N
f
g

HE o5

1>
rlo

o
)
off
O
N
=)
i
2
=2
g
R
(
o
(o]

93 FAAE o g3 % Bk Y FETeIHY e AT A &

3. Vertical reciprocating driving

Fig 1.6 Underwater glider operation concept

-TLo] A+ (unmanned surface vehicle, USV)
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Fig. 1.7. Overseas Development of USV

Table 2 Specifications of USV

L [m] B [m] Displ [1] V kn] Payload [t]
QST-35 Septar 17.00 450 19.00 3 10
Roboski SDST 270 120 020 42 0.16
Spartan 7.00 3.00 400 30 0.7
Sea Fox 500 - 0.64 40 -
Protector 9.00 - - 40 1
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Fig 2.1 Hybrid Underwater Glider Coordinate System
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t}.(Graver, J. and Leonard, N. E.2001)

Table 3 D.O.F motion of the underwater vehicle

Force &

Classification Axis Motion Velocity Displacement
Moment
X Surge X U x
Translational Swa v
motion y X v Yy
Z Heave Z w z
X Roll K P [0)
Rotational .
motion y Pitch M q 0
z Yaw N r (G

2.1 3lo)BFt FZZaolr 7])7-8HKinematics)

71% #HFEAJD AT A HEBAN AT HAA 1A4HREe] FES BASI] =
s WA 75T g A AT A AZAS AA uA AFZA= 2dE 4

Zte] FEHTEY IA PYES T3 AR WIo] yls3tth.(Thor I Fossen,
1994), (Isa, K. and Arshad, M. R.2011)
2 218 AA FHB3AANA & HFEEH AT HFIFZAANALY 5HT Alo] 9

- [}Elg(f 2) 2 >} H @1

= -

= R(n)v, [77.1
M2

4 21004 RG)e F BT Aole] WaBLolr] Aruy HuAs 44 w
3 HEA e solngs FFIetolre] 94X My P S WMEHE 4 22
s ko] Rejdth,

_'I’I_
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n=[m m]" m=lzy 2" m=1lo 0 vl
_ T _ T

A 220014 py e A AT FHEoA L sle|lHElE kot o] XA
oF AAE YEW= #HEoIH, v,v,e= AA FHEA slolB = FF=etold

M WE S} 245 WE o

cosfcosyy — cos¢siny + singsinfcosy  singsiny + cosgsinfcosy
R, (n,) = |cosfsiny  cos¢cost+ sindsinfsiny  — singcos+ cospsinfsiny| (2.3)

—sinf sin¢cosf cos¢cost

2 238 HExs AATY FEANN AFLE HEAZ WH3ly] 9T dH
PHE ode & o8t FIAG F Aok I HA HFEA A AER
HEE A FuA HIAZ HSsHr] S PES 2 249 Ao

1 sin¢tanf cos¢tand
Ry(n,) =10  coso —sing 2.4)

0 singsectd cospsect

2l 240 EJF W PHELE 9= 190° NA R(n)7F RHOHA e

Gimbal-lock @7e] EAETH ol I PES AA o WSy B3 242F A

F5 25A7F FFoAA & F Pitch ZH9)°ol +90° 7} He A= 3ust
FEadtolts  fotdE AR deolBE aEw My wEd
Gimbal-lock @< Abdeol WA vt Aok 24 2 259 Zo] 2dd

7+S AFY 4 (Quaternian) &2 ¥ 33T}
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[1 singtan® cosotand
Ry(n,) =10  coso —sing (2.5)
10 singsect cospsect

il cospcosfcosty + singsinfsiny
_ |%| _ 1 |singcosfcosy — cos¢psinfsiny
a3 2 |cos¢sinfcosy + singcosfsiny
@ cospcosfsiny — singsinfcosy

2.2 dtolBE = FFZeolr &S (Dynamics)

o Iiigid Body

n
ol
2
2
o
o
™
ic)
[
+
ofy
i
i)
9y
An)
Lo
X
oft
ftlo
ol

Ast) Ss) FA Bt
FA BYee T ;sck 3 fASHAA SWolA “gA g
BHEE FPE & Utk g Abgsta gAe st

GREA D AA oA o] MUY 2FLEAL 42,63 2ol e & o

— (L), m[u'0+w><1/0+c'u><rg+w><(w><r0)] = Fj (2.6)

_13_

Collection @ kmou



A EH), e otwx (e w)bmrgx (vt w x| = M, 2.7

S 427004 me Agolm WA - A HAzA mEolth 9 45
o1 g3te] £FAH SolnYE £FIeolNE TP A 6AFE &5

e 4 283 R,

mlu—vr+wg—z,(@+1r*)+y,(pg—1)+z,(pr+ )l = X
m[b—wp+ur—yy(p2+r2)+2g(qr—b)+$g(qp+%)]:ZY
m[w—uq+vp—zy(p2+q2)+$g(p7“_é])+yy(pr+i7)] =27

1

T

2t (L, =1 ))qr— (r+pg) L, + 0 = ¢ )L+ (pr—q)I

Ty
+mly, (w—uq+up)— Z, (v—wp+ur) =X K

Lyat+ (L, — L)rp— (p+ar)l,+ (p* =)L+ (gp— 1)1,
+ m[zg (u—vr+wq) — z, (v—ug+vp)l = =M

L.+ (1, —1,,)pg— (g+mp)L,. +(¢" —p*)L,, +(rg—p)I,. 2.8)
+m[xg(i)— wp+ur)—yg(ﬁ— vr+wg)l = XN

24 28904z, y, 2,5 AAS AF FA UHNES UEniE, A9 %2 g
ol mol BA AES UHiI £ B 99 Uehith $3e] o)A
X.v,7e AAel BAeE UE Aelr, ruvE HALES T o)

t slejolth. MAY FAL J|FOR Sons £IFFetoldt fYolnE U

HolAe] B4 EREE 4 299 o] AT

i

L, 0 0

L=101,0 2.9
0 0L,

slolBE & FFIolt = FEA Y] oA d7F T4 FHFAo] Mt
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. Choi, H. S., et. al. 2015)
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Fig 2.3 oA O FAFAlola AA nAFEA HEES 144

gAlol7]ol o8] Waste A v, 082 U BHFA i,

J_?l_
103} o] vEpd 4= 9t

Fig 2.3 Configuration of center of mass and buoyancy center of hybrid underwater

glider

x
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I E l,+1,
Ty = |Ym 0 (2.13)
Zp, By

I = (5, = myryr )+ (1, = myrr )+ (L, = my, 7o) (2.14)
2 2149) f, 1, I, SrollA RE ¥l SEIelolr o] EA|, Wie ¢ o
= A o] olEAge] AFBARUNE oI my, m,, m, & Z2te] A

otk EF . £, e A FAAL AEE dehiw WEH() 715F 24

Do) NER ¥ @ AL JuAPL S FAs WE Y A S 98 A

A stA $(Hydrostatiow #A 54
agar Ao FAHControD3 oo wE Azl RHESo] Uh(Thor L
Fossen, Tor Arne Johansen and Tristan Perez, 2008)

2 =&dA stelBg e FFagolrd A&ste FA9S =golv Y 4
I FAZE den, Ekolr e =& oo dAglel At ArA
ot ¢ 7t&/7HE &l Y8 dAsE FRAGCE Y= F Aok AFA
93 T o3 o= Yo AY sHAYHS oA,

3 24 5 98 744 Fog Ushholdth SRAHA g A ol

oRbA% AE g, vAg g4 Folth olgdE Feholdd
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— (W— B)sind
EW— Bgcosﬂsinqﬁ
E,_ p(n,) W— B)cosfcos¢
G, (n) = [FZi(nz)] = | = (y, W= y,B)cosbcosp — (z, W= z,B)cosbsing 2.2
— (2, W= 2,B)sin0 — (z, W— 2, B)cosfsing
— (z, W—z,B)cosfsing — (y, W—y,B)sinb

Xprop = — Xu‘u‘u\u| (222)
Kyop = (yg W—y,B)cosfcosd + (Zg W—2;B)cosfsing (2.23)
wat f

A4 e Holnes +EEdode] £ F WIEHRuddens] AE
of m& ¥ A7) o] AFd wed FAFTA Wtz A3 271 (Blade)?
W5zhel Wstel wet wAstE o Holth weba AA Aol ofs) A=
9o nYetd A 245 23

Lypgy =— %p A e, (2.24)

sz tia] 4 2.259] WlEBAI} AT

= Lyl T —deCyd (225)

l

pe A FA AE, AE AAe] wE FIRA, ok S5, o A9 ¢

g AlFE ofm gt Hoernerell ©3tH MAldo] g 27 e] v7b ¢F 1:10Y¢ o,
Fd A= 0.03 ojtt. ojwf WA= A RHMEE tFe| 4 2263 2o
Uepd < o
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Mmul = Nurl == %pdzcbd'xc (226)
v AATE 3R wEl 31 Sl T1skerE] 4 e Aot
- fFAEES X33 polBP = FFEFolY 6AFE T4
ol Al wmeiE Zh7he] ASES fdBoR gUSkA o) 4] 2.27-4 2323}
2ol B 4 3l
X=X Mu|u\+X quququr X9 (2.27)
+ X, or+X,rr+ X,,,, — (W= B)sin
Y=Y, wl+ Y, rlrl+ Yoo+ YVir+ ¥, ur (2.28)
vl rlr| v T wr
+ Yu;pwp+ Y;Jqpq—"_ Yu1,vuv+(W_ B)COSQSin¢
7= Zwlol+ Zydd+ Zywt Z.q+ 2, (2.29)
+ Z,vp+ Z,,rp+ Z,uw+ (W— B)cosbcosd
K= K,plpl+ Kp+ K, (2.30)
+ (ye W—ypB)cosfcosd — (2o W— zzB)cosfsined
M= M, ,wlwl+ M,y qlq + M w+ Mili]+ M, ug+ M, 2.3D
+ M, ,rp+ M, uw— (2 W= 23B)sinf = (x o W= 2 3B)cosfcos ¢
N = N, wlvl+ N, rlrl+ No+ N+ N, ur+N, w (2.32)
vlvl rlr| v r ur wp
N,pq+ Nyuv+ (x W=z 3B)coslsing + (yo W—yzB)sinf
9 e B sEzoltel FeaE 6AFE FAES ekl ol 4
4, AR B, RAR g fAE ASE dEpT 2 ATdAE Fa
FALASES PUM AF, CFDIY @ A@4 L Agate] Tahath 9 40
AHg E Al
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Table 4 Hydrodynamic Coefficients

Index Value Units
Xl -5.32 kg/m
Yl -227.64 kg/m
Z g -242.04 kg/m
My, 10.50 kg
Ny, -15.71 kg
Yo -5.87 kg—m/rad*
Zy 11.15 kg—m/rad*
My, ~11.40 kg—m*/rad®
Ny -7.73 kg—m*/rad’®
X -0.88 kg
Y, -64.16 kg
Z, -71.23 kg
M, -4.39 kg-m
N, -2.78 kg-m
Y. -2.78 kg-m/rad
Z;J -2.68 kg-m/rad
Mi} 16.06 kg-m?2/rad
X0 00 kg/m
Y., -138.24 kg/m
Y, 6.91 kg/rad
Z e -30.72 kg/m
Zg -18.43 kg/rad
M, 6.91 kg/m
Muq -0.35 kg—m/rad
N, -20.56 kg/m
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Fig 2.5 Neural network PID control algorithm
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Fig 25014 3709 Qe ox g, exte] mE g, exbe] AR ol Z7e| 4

He HAdE A g ARl 42 JHEHT
Ao AHE HE ARt s 2 2333 2o
21—e ")
()= ————+— (2.33)
fla Y (1+e "1

2 233004 v,E FE FEe A AFE v, gtol 05 odold 10 B &

gol © ¥

Fig. 25 oA PDASI7e] AQle 7b5A oz AAse] Y7 Jds dugs
g olgdtal eonE Hrsh ATh

ept) TR €iry TRa)€ar) (2.34)

M52 (Gradient Decent) o] gate] AAT 7hEXE 2] 2355 o3t A%
Aol E dr},

k,(t+1)=k,(t)— npgf

k(t+1)=k(t)— mng (2.35)
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2 2.35-2.3T7HA = A& ol &5ty AeaHS 4 2383 Zo] YERE &

ki(t+1)=k;(t) —ne;(t)e;(t) (2.38)

(e ™ Yz ul)—ult—1)

—sum ¢ Y,

4de v m@E)—m@t—1)

kd(HI)de(t)_nded(t)ed(t)(1+e“"“m' Tt ) —alt—1)

om_ Am _ m@Et)—m@E—1)
ou  Au ult)—ult—1)
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Movable Mass Position
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Fig 2.8 Position of internal moving mass
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Fig 2.9 Position of buoyancy control piston
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Fig 211 Hybrid underwater glider rotation angle
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Table 5 Parameters of propellers

Parameters of propellers

Water density p=1031 (kg/m®)
Propeller dimenter D,=0.2m
thrust coefficient K;=0.4
thrust deduction coefficient t,=0.6

Water rraft of T4 d=0.5m

The distance between two forward sterm thrusters RB=3m

The distance between two port or starboart thrusters RL = 10m
Revolution of Propeller1 (rpm) ny =0
Revolution of Propeller2 (rpm) ny =0
Revolution of Propeller3 (rpm) ny =0

Thrust force of propellerl T, = pniD, K
Thrust force of propeller2 T, = pn3D, K,

|
Thrust force of propeller3 Ty = pniD) K,
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Fig 3.2 Simulator of Unmanned Surface Vehicle
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Table 6 Simulation condition

BolxAbA is going straightly
3

Propeller RPS = 3 (round per second)
Heading Angle angle = 0 (degrees)
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Table 7 Simulation condition

BOo]AAFA is going straightly
3

Propeller RPS = 3 (round per second)

Heading Angle angle = 20 (degrees)
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Fig. 3.7 Speed of Unmanned Surface Vehicle in circular driving
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Fig 3.8 Movement trajectory of Unmanned Surface Vehicle during circular driving
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Table 8 Dimensions of hybrid underwater glider

Index Value
Length 1.97(m)
Diameter 0.22(m)
Width 1.04(m)
Height 0.58(m)
Weight 50.50(kgf)
Buoyancy 50.60(kgf)
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Fig 4.4 Cross section of a hybrid underwater glider
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Fig 4.5 Buoyancy engine

wel Aojr]e] 4L HAT} oflEoz B A FYEG FrjHom ¥
o ganA &0 RHow BAE WMEAAN, M2 SEoR B Aot F
duch 2L Z7A FAE Fo oz WA

5% Zefoldt Ui W ol FAAN AME AT & Un HH B

A2 24T FFAAL AAl IS A FIHE] ArEE AT
T5717F 2ot ek EEe| AAE Alojs] € Tx=0] 2R o9t &

_59_

Collection @ kmou



—Support Block BMS

Suppornt Uit

Thread Shatt ¢ Maotor

AAAAA Y FEAAE FAClFO % RAZHT AFFAHS WA
SARA ] BY et Wsks bk FA F7b FEANM Fo| PFOE o
e MAL 2EOE Slem, Lo Yoz

o

Ao solnds sEIeelde B 1 P Agar s 27

_60_

Collection @ kmou



4 = e TE2E 2SR Figo 479 JERAH.

Fig 4.7 Thruster and Rudder
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Fig 4.8 Basic drive test

(d)

Fig 4.9 Steering performance test

Fig 49 IHAlF2=A A 2 A 23T 243< sIsAT H=E
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Fig 4.10 Maneuvering results using rudder
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412 AMA 2" T4

- ARS(Attitude Reference System)
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Fig 4.11 Structure of ARS algorithm
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Fig 4.12 Kalman filter calculation procedure
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Fig 414 ARS test H/W(left) & rotating table(right)
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Fig 4.15 Composition of turn table control system
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Fig. 4.18 ARS algorithm unused attitude data (Roll, Pitch, Yaw)
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Fig 419 ARS algorithm used attitude data (Roll, Pitch, Yaw)
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Fig 4.23 ARS Test Equipment

Fig 4.23& E= 7]gke] 2 5o A5k ARSeIth HIZE 39 F4& ARSE
/8% RLGeF BAE AA7) Al TCM-32 A=t 123 F712 v
€ MEMS & IMUE AFe) T RF FAFAE ol &) A o= HolEE A

HIAE A2[:100m
0|8 &£%:02m/s

Fig 4.24 Outdoor driving test
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Fig 4.25 Result of outdoor driving test
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Fig 4.26 Running of a hybrid underwater glider
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Fig 4.27 Hybrid underwater glider navigation system diagram
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Fig 4.28 Hybrid underwater glider’s final navigation system
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Fig 4.29 Acquisition of real-sector USBL data
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Fig 4.29%= USBLel A & dHolHE FHAS3t7] flall AAsigoNx F&3t A
YARE FHI F tolEE H5SIATH

HExAHo g 3lolHygr SZZaolur} ARS =317 93] LOS (Line of
Sight) &ag]&S o83t A3l FF= AlEdolds st stolBg= =+
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Sight-LOSH & AHEstA . 711 Fs=olgrt A4S fa8 sHes 74
5 GPS 9] @A $1xI9F 2] GPS HlolHE o] &3ty AtslATh 7HAIA
(Line of Sight'$H-e 2] 4.133} Zt},

(4.13)

¢, =tan ' uf i Y(t)]
p

X, — X(t)

PAe olgstel A FF ANBHolHS HAsgm ABdold zae

Table 9 Hybrid underwater glider simulation conditions

Index Value

B =® A 9 (p,) 3 (m)

Algeo]d A7t (sec) 750(s)

Speed (Knot) 1(Knot)

ABEE H©HY 0.1(s)

stojH et % Z2tol Weight 60(kgf)
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Fig 4.30 Hybrid underwater glider path following simulation
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Fig 4.31 Unmanned Surface Vehicle
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Fig 4.32 System structure of Unmanned Surface Vehicle

Fig 4.33 Control H/W of Unmanned Surface Vehicle
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Fig 4.36 Unmanned Surface Vehicle control system installed
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Fig 4.40 Running of Unmanned Surface Vehicle
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Fig 4.41 Navigation system diagram of Unmanned Surface Vehicle
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ZXZ Xy ulul + XuiH- Xyqwq+ X9

(4.16)
+ X, or+ X, rr—sinf+ F,+ N, = AX
My= Y, lol+ Y, il + Yi,i)+ Y’r+ Y, ur 4.17)
+ Y, wp+ Y, pg+ Y, uv+cosbsing+ F, + N, = AY
MIN= N,olvl + Nyl + Nﬁ—i— ]V’T“F N,,ur+ N, wp (4.18)
+ N, pq+ Nyuv+ (z o W=z zB)cosfsing +sinfd + N, = AN

ol

b B2 Ago o Fsts ez dAFA.

(4.19)
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(Tristan Perez and Alejandro Donaire, 2009)
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Table 10 Unmanned Surface Vehicle simulation conditions

Index Value
B =8 A9 ¥ (p.) 3 (m)
A g0l A (sec) 600(s)
Speed (Knot) 1(Knot)
AMEE HY 0.1(s)
2ol £AakM Weight 150(kgf)
50
60
70
80
— 90
E
> 100
110 p----------
120
130
140
0 50 100 150 200 250
X [m]

Fig 4.42 Unmanned Surface Vehicle path following simulation
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Table 11 Unmanned Surface Vehicle specification

Index Value

=) 150(kgf)

A7) 1500(mm) x 3000(mm) x 400(mm)
21 ol=4&% 3(Knot)

S A DGPS, AHRS

A FAYA RF 541, 9454

S4Tre] B4 2] (RF) 1(Km)
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Fig 4.44 Sea area navigation test result
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Fig 5.2 leader-follower navigation control of location sharing
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Fig 5.4 leader-follower navigation system diagram of hybrid underwater glider and

Unmanned Surface Vehicle
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H) 23} o}.(Youngjin Choi and Wan Kyun Chung, 2004)
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Fig. 5.6 Heading angle error between two moving bodies due to leader-follower navigation
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Fig 5.9 Simulation results of position and leader-follower navigation system of two
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Fig 5.9 Simulation results of position and leader-follower navigation system of two

systems(a)(b)
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Fig 510 Dynamic behavior of Hybrid underwater glider (follower)
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Fig 511 Dynamic behavior of Unmanned Surface Vehicle(leader)
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