A 28 Convertible ROV A A A+

Study of Design for Convertible ROV

2011 64
HET P b Ege L)
EEE!

a4 A F



K X -
S HE
Bl TEMRL &2
~ I
1+ BN e
=
n/ﬁ\‘(ﬁ‘s—q—

d =
=z (
2l)
a z
}/]83/\] (
1)

J L
L.)

201143 69

6 ”1)
}:
6‘1’-"



Abstract

7134

e
-1
224 T%

A 3 &. CROV 7]7-% T4
3.1 CROVE] 7|45 A7
3.2 miyEd el A
3.3 312 AA

&
3.4 st sh-A AA



Al 4 . CAUV 7|75 T4
3.1 CAUVS 7% A7
3.1.1 =A%k

A 5 . CROV Ao]& A A
4.1 CROV A|ojA|2=Ele] A
4.2 2¥ Aol &dagF

4.2.1 99 Ao} g =
4.2.2 A% Ao dagE
4.3 AA 4 L I A1 Ao dag s

4.3.1 CROVY AlA 4
4.3.2 A7 B3 PID Alo] daig=

A6 F AL ZF7|9
5.1 2&719] 34

5.2 6Af% % <41y

N

A7 A R 1F

o X

K

A8 A



Fazd

Study of Design for Convertible ROV

Kwang Ji Jeon

Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

This paper present the development of the six d.o.f. Convertible Remotely
Operated Vehicle(CROV). In mechanical system. the design specification of the
structure of propulsion actuators and vehicle frame is presented. We have
designed seven independent thruster and the control housing and manipulator of
the controller for underwater operation. We present a control system
including motion control of motors and main controller and a communication
based on optical Communications method for interrelated control between

the controllers and actuators. control algorithm and control system under the

water.
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Table 3.1 Mechanism specification of the KMU-ROV

T ROV AUV
5 o 800x1000x900 mm 800x1000x300 mm
7 150kgf 100kgf
Ao 254 200m 200m
F27] 300W BLDC motorx7 300W BLDC motorx 7
A A A= 6 D.OF 6 D.OF
i H 2 8- SrS s 1EA
L34 1EA 1EA
A o] &4 1EA 1EA

Side view

Fig. 3.2 Actuator configuration for the 6 D.O.F
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Table. 3. 1 Parameter of D-H coordinate of 6-axis robot

a, a, 0, d,
! %0 0 90"+, d,
2 0 a, 90" +6), 0
3 90 a, 6, 0
4 -90° 0 6, d,
5 90 0 6, 0
6 0° 0 0, d,

D-H k& ol&ste] #EE AHAS/ =¥ Fig. 3.104¢ 2ol

@,a,0,d, o sjgdet= Zpzpe] @AY AvEHE wgeR & 7T

st a A kA @k Zzhel HYuEE Table 3.1014 skt
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thee 7zt #A YA 449 R NG BP9 FL ol§F B
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d Fd 4 = Fdsta, AA W FE 1 & 7 AAE

v
o
£

A =Rot , xTrans_, xTrans_, xRot _,
cosf -sin@ xcoso, sin@ xsing,  a,xcos6,

sinf  cos6 xcosa, -cos@ xsina, a xsin6,

0 sing, cosa, d

i

0 0 0 1 (3.1.1)
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Fig. 3. 6 Diagram of robot about 6,
0, = Atan(p,,p,) (3.2.3)
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Fig. 3. 7 Diagram of robot about 0, ~ 0,

0, = Atan(s,r)— Atan(a, + ncos(0, — o), nsin(0, —a))

P15’ _a22 —n’ _pxz +py2 +(pz _d1)2 _az2 _as2 -

cos(0, —a) = d Yo
2

(0, — ) =Atan(D, £~/1’ = D*)
0, =Atan(D, £’ -D*)+a

o1 7]1A,

r=\p.+p’, s=p.-d,

2a, \/af +d,;
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¢ —=s, Ofl¢, O sic, —-s, O
R,R,R =|s, ¢ 00 1 Ofs, ¢ O
0 -s, 0 ¢, ||0 O
C,CoC, —S,8,  —C,CoS, —S,C, C,S, u, u, u;,
=|s,6,C, +C,S,  —8,6,8,FC,C, S8, |=|Uy Uy, Uy
—S5,C, SoS,, Cy Uy Uy, Uy
= = = = =] le)
7bzkel  ¢=0,.0=0,y =6 & Fajnd g7 2}

s, 20 o]31, u}e}A

0 =0, = Atan(u,,, ++/1—u;;)
o 7}

0 =0, = Atan(u,,, — 1 —u;,)

7F ®ek. 6 7F 4 (3.2.10)0]H 5, >0 olm g
%% _ tan¢ = Y Sl _ tany = e
C¢ So U, _Cu/ So —Uy,

¢ = 94 = Atan(“lS’ u23)
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(3.2.10)

7b B 0] obyetal 7pAshd e R th

=
UysUy, & EI_‘T‘ 0

(3.2.11)

(3.2.12)
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V= 95 = Atan(—uw usz)

(3.2.14)
olz 6 7} 4] (3.2.11)0]H  5,<0 olmm
¢ = 94 = Atan(_ulsﬂ_uzs) (3215)
"4 :95 :Atan(uslﬂ_usz) (3216)
7F @k mebs 0 o Rgof wet 2719 Hol Al Hh
i) Z7be) WP as  wew 7h BE 0olgH, U7t Amadelat se
uy =%l o]z u, =u, =0 o]zl ot} welxd UES Fajud
ull ulZ 0
U=|u, u, 0
0 0 =I (3.2.17)

i, 5=0 ojmz 0=0 ot} oy A

(3.2.9)&
c,c, —s,s, —c,s,—s,c, 0 e —S, O y U, 0
=|s,c, +¢,s, —s,5,+cc, O0|=|s, ¢, O0|=|u, u, O
0 0 1 [o o 1/ [0 01 (3.2.18)

I A

d+y = Atan(y,,, u,,

= Atan(u,,, —u,,)

(3.2.19)
oA Aafd = Qlvk. ofw] ©x] d+w o Fhwko] A
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e ol gl Btk BRMom =0 L ouY 5 Qu, v 4
(3.2.16)= Ao gt
gkl u,=-1 ol ¢ =-1 o]z, =0 ojm=m 0O=7 o]t} o]uj
2 (3.2.9)
—-c,c, —s,8, ¢,5,-5,, 0 -, =S, 0 u, u, 0
=|-s,c, tc,s, s,5,+cc, O S, e O|=|u, u, O
0 0 1 0 0 1 0 0 1
o] A}, WA e
-y :Atan(_uu’ —Uy
= Atan(—u,,, —u,,) (3.2.20)
olar, AAH F3+s w2 "ol I =k
Euler 2152 o] 4317] 93te] theol wlE ol &3,
R=RI=R-R (3.2.21)
R =(R)"-R (3.2.22)

R . 3
2] (3.1.3)9] & 7178 &llAellA Koo
HA T+ F AT
818y ¢ TS8Cy 5183 =G Sy
Rg_ TGSy S GGy s (RS)T = ¢ S
Cy 0 Sy =86y CCo3
6
Wepy K e thou g
CCsCs —8,8s  —CCs8 — 8,65 CySs S185
6
R =|s,cc, +c,s, —s,cs,+c,c, 8,8 |=| ¢
—85Cs S586 s $1Co

RiSiSy — 1y €18y T 15,Cxs NaS18y; ~ €Sy 15,6y

G 18, TG+ 1,8,

TS Cyy TG0 1Sy THS Gy 15005 1,80,
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e AL e gol

Cy
0
;. (3.2.23)
TGSy O o s
s 0 f|n, n ny
CCy Sy (T T T
138,80y ~153C1 Sy + 13365,
156 18,
(3.2.24)

_’/13S1 CZ3 + r23cl CZ3 + r33S23
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2
IS
IS

o] & Euler® 74-5-¢ sdstA % &3}

= e g,

94 = Atan(rlsslszs TGSy TG00, 156 1S ) (3225)
95 = Atan(—rmslcn +7,CCp + 1,8, —\/1 = H381Cy3 T133C Cp3 T 1338, }2) (3226)
95 = Atan(_{_rnslczs T 00, + rslszs}’_rlzslczs T160, rszszs) (3227)

3.2.3 Wiy &g £&= 7173 34

2329 &% 7178 #7178 HNL o] 8% AaSHacobian)e] €3
Aavlgre 2%l AN Aojel bg Fad & F 3
ofel_glojx FEele A4S Ay, So

AS ARF I, AP 7o 9o Ao 9lo]A TAol olxtet & S 9

ogh

=3
) $% WANS REs wuge paze ¥u 248 W

Amuere Ao Axw B Adw WEE GEE  6xn (1 =%

-l
"l (3.3.1)

33D oA Los J = Az 3k o A%ES A%EES e
= gol,

6% =30 4% SARAWE ol gt FASPomE, To] B
WA ol g Ak Fekr] 9% FAL A (3.3.2)9 2.
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Z'—IX(On_Oi—l)
J ="
' { z, } (3.3.2)

949 g olgste] 65 thebd mRel Aavler 42 BASHE 4 (33.3)

3} 2,

[z x(0,—0,)
L 0
i X (0, — o, x(0, —o,
L@ (Z_ Doz (Z_ 1)}
L 0 1
J}(q)z'zox(z:—oo) zlx(?—oa zzx(z:—oz)}
L 0 1 2
(g =] rme) axma) 5x0,-0) 2%, -0)
! L 2y Z Z, Z3
Jq)=| 2@ 2x(0im0) .z x(00,). 2, X(0,=0)) z,X(0,~0))
Sq L 2y Z Z, Z3 Z4
J(): ZOX(Ob_Oa) ZIX(Ob_Ol) ZZX(O(-:_O;J) sz(os_oz) Z4><(Ob_04) ZSX(O(;_OS)
bq 0 Zl 22 ZZ Z4 Zs
=[5 g I JJ ] (3.3.3)

Azulek A AAel7] % AT o-o, = g g,

0 -a,s, a,s,s, — a,s,
0,=|0 o, =| ac, 0, =| —a,cs, +ac,
0 ) dl ’ a,c, + dl ’

a;8,8,; 14,85, —a,s,
0; =| —a,€,8,; — A, (S, T a,C

a,c,, +a,c,+d, )
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_d4S1C23 +a,5,5,; +a,5,8, — 4,5, _d4S1C23 +a,5,5,; 4,55, —a,$,
0, = d4C1C23 T a,6,8,, — a6, T a,¢ 05 = d4C1C23 TA,6,8,; a6, Ta, ¢

d,s,, +ac,+a,c,+d, , d,s,, +ac, +a,c,+d, )

ds {Ss (C1S4 + S1C4S23) - Slcsczs} - d4S1C23 +a,5,5,; 4,58, — 4,5,

0 = ds {Ss (S1S4 - C1C4S23) + Clcsczs} + d4C1C23 T a,6,8, — 4,68, T aC

d5 (C4S5C23 + Csszs) + d4S23 + a;,Cy3 + a,¢, + dl (3 3 4)

aelan, ey A~z = vt 2

0 G G T8,y
Z = 0 2 =18 L, =18 Z; = 66y
RYE o (U Sy )
_—S1S4823 +ec, S5 (cls4 +S1C4S23)—S105023
Z, =] O8,Sy T8C Z3= 8 (S1S4 _clc4S23) TCC5Cy;
8,0 C,C5Cy; 1658y (335)

2 (3.3.9)° (3.3.49)¢F (3.3.5F AL At AaE A20 53130
ot

3.2.4 iy EHlE 9T 34

B Ao ME £F duEdolHe] #E23 F, 4d¥a HE FY

a4 ot St

A Fig 3.4 viuEeol8HE AzsiA. vivEeelg e seiugsoe] 1t

@ @AE wEehd, viyEelE e WAl UASHIL, ¢4 =

Ztzy mgA o Aojd 4 gtk Fig 3.4¢ 7]7%& 54 ¥ A7 (five-bar
B

linkage)#} 3F oAl x| 4709 HIAR Yo} #EHoE uHRE

£
ftllo

o
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F7F 9= AW, 58 HAw §ojo] Ao Hu

Figure 3. 8 ol L L o Zej= ga, L 2 A% 2o
meka 2] @3 7 Z(closed path)= HAPAFHo] a1, o= Al
w5 ZhebebAl dv ey JA59F ¥A69] Aol 2R ARE T}
% \E—U—L Oj\]:]’

gl
> M
iy

L J

Fig. 3. 8 Four bar linkage

oA e A2 4dYT7F FH oA, AR ¢ ~q, 2 BAEE 2
T2 o]AL &3l 7G4 (kinematic chain)e]t}. wha}
Lol ol el zpzu|eke] ik AAE & ¢ ¢l AHSHH

Bl Aol B AAR ole] @ae] AwEA( Ll e An

oy
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[L cosg, N I, cosgq,
- | /,sing, [ sing,

(1 cosq, | [1,cos(q,—7)
= +

_ll sin q, 104 Sil‘l(qz —7)

[ cosg, [, cosq,
= +
[ sing, [,sing,

__—ZC1 sing, 0
| [,cosq, O 1

[0 —Z,sin qz}

B |10 [, cosq,

[~1,sing, -1, sing,
| [ycosq, [,cosq,

[l sing, —1,sing,
| l,cosq, —I,cosq,

|

AN
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o] 9. 2% game Iy, i=l-w4 2 9 2oz Vet 4709

Pz Golsha), veoz o Y29 ZEre thas

w1:w3:q1ka a)2=604q2k

2 Folde A & Aok e B 3ES

D(g)=3mJ"J {I‘% 0 }
q)=2rmJ . J,

= 0 I +1, (3.4.10)
2 Zolarh 4(352% % A9 ¥R RIS A4 st o
23} o] ",

dll(q) = mllczl +m3lc23 +m4112 +11 +I3

dlz (CI) = dzl (61) = (m3lzlc3 —m4lllc4)COS(q2 _ql)

do(@)=mP s mE +ml+ 1+, 3.4.1D)
Fol A

mll =m]ll, (3.4.12)

AA AN A =

4 . .
V= ggym =gsing (ml +ml +ml)+gsing,(ml,+ml, —m,(l,) (3.4.13)
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o] ®3 wA

¢1 =g 08¢, (mllcl + mzlcs + m4ll)
¢, =gcosq,(ml,+ml —ml,)

(3.4.14)

VA= = R s I | L= == ) e

e R A L= )

upehA] TA2A (3.5.5)0] WH5ebH 19 3.5.19 &
[e]

,E’_
dolH = v 2ol Hrsd WAy A9es Zsd

d11q1+¢1(q1):z—17 dzz qz+¢2(q2)=7'-2

(3.4.15)
ol A8 2H P4 F HIAHY Ao soye QAVEE At
A (3.4.12)0] WHEH F Zt= Alolo] AJ s #&-(interaction)S H4
daglel F 4% 9.9, 5 5HHo=w AT F Ayt
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3.3 FTFA L AA

AR 53 22d, 9714 k= FHAGe|a 2 static merit
coefficient® F2171¢] EQ 3 AXRS Ysted Hadt FAAKT) % o] gk
FAR7)S) BARES ojgdte] it 5= k(5]
K32
= 7T:s/zK(2 (2)

A5l agol d-gshs gtoz Adte] bow thruster
L} ¢QlM, ROV 53 o] AXEE7 Al ¢l AejolA 1Z58S ALEs)

of BAIE = ow ofF, A= AFol ol&E = Aot & Al
O

Aot e A tig C=12 delAd At 335 » H BT o
e [T (3)

2pD° K,
Q:szSKQ (4)

2 72 7 o 9714
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K%/:;
ﬂ,z/:sc

()

K,=

o]},
21(3), (4), (B /MEE FHA AgdelHE ¢ dAzS st
A3 Table 3.29F #t}

Table 3.2 Exparimenet and numerical analysis results

experimental

Items units analysis value
value

rotation velocity rpm 1900 2109

torque kg.cm 15 9.073

thrusting force kg 5.2 4.605

density of - sea ), 3 1029 1029

water

diameter m 0.11 0.11

K; 0.331 0.238

K, 0.0864 0.042
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3.3.2
AA i

ANz T2 A7

290 47k BHoz PR & Sk

E 2] ©
=

o

Table 3.33 %o

Table 3.3 Comparance with present products

power transmission

division structure characteristics
motor+ gear+ magnetic complex,good sealing,
coupling light, small

motor+ magnetic coupling

complex

present products
motor+ gear+ sealer

complex,bad sealing

motor+ sealer

simple, bad sealing

developd system |magnetic outer rotor+ can

simple, good, sealing,
heavy

vt 23,

33
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Table 3.4 Specification of developed thrusting system

units Motor Data
input power W 300
maxium speed rpm 2000
weight kg 1.3
pressure N 50
resistance
forward thrusting force kg 5
backward thrusting force kg 2.5
torque kg.cm 15
efficiency % 60
Reduction gearless
rotor type outer rotor

3 A 2LAHEEM) Y

FRAI 28] Ygt gigk FEM 4S8l deo] 153mm, 27 50mme]
dEom 215 AAsI A4S AAslth Fig 10914 WEbd %
of &EAA BAxHoR e FHsI o™, Table 3.59 &2 A4

S4A%2 dAste] e AAlslvh Al A Al VeSS TwrE

34



Buckling Pressute (MPa)

Simple support

Fig 3.10 Boundary Conditions

Table 3.5 Analysis cases and material properties

Analysis Case t=tc=bmm
Elastic Modulus (GPa) 68.9
Allowable stress (MPa) 59.3
Tensile Strength (MPa) 124

Poisson's Ration 0.33

80

60

40

20

-1 2 3

4 s 6

Thickness (mm)

Fig. 3.11 Test results
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{3
SIS

Fig. 3.12 Buckling modes

Fig 3.112 A %7 5mm, cover 775 tmm= 35S we] FH= ¢
S & Blojth o] wlo] FHEehE -2 847]%t (8.4 MPa)olth. Hl A
42 W F=ZUHS 20714 SR 200m 7HA AHgo] THed Ao = &4
|} Fig 3.12¢ &2 2=2 Yehyar gl

==
=
=
=

M)

3.3.4 AR NS
37hek 7709 Edol=E Ui T RAYE gido® 239/3xY %
E

sAs AAste] =Ed dHolHE nlgem Ao Zzdze Y
A
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W

Fig. 3.13 X-Y v 2 Zese]Fele] Za)E 4

&

olgto] &% AL 3 knots(1.5432 m/s)E ARt 1, T2 o] 3

/v\

AT =

A4 == 1000~2400 rpm, &7 $Eo= A4, p=p = AT
3EA 7719} upa7bA 2 AXA 7S @E=A17)7] 98] 5=7] (Periodic)
A z21s AREsilon, dREES ayolszao] thd Standard

b—e Model®] W&l RNG j—p Model S AH&-312T)[6]

0 Fig. 3.142 5 drs|A e S 7dte zz29ejel gEo|t

Table 3.6 Experimental result

I[A] Qlrpm] Thrustlkg]
1 372.70 0.74
3 884.65 2.22
6 1442.54 4.30

10 2043.47 5.48
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Table 3.7 Numerical result

Qlrpm] Thrust[kg]
400 0.736
900 2.08
1400 3.867
2000 4.971

Me FAAR 2% 59 HAES 9

Table 3.6 FXAS % ¥ APdZdF}olal, Table 3.72 |42}
ojth. F @& vWlasiEd A7t o 7% FEE s At At
kA

3.35 A% A% 2 35AY
b agEe ¥ ATE Ssel AT UTERH 300w FF
FRA o ARxlEe|t Fig. 15+ 4% ol& =

7te @ A E S Azbek Alplo] |

i)
S2
o
8
|

o
ox
>,
Y
N
o
ol

Fig
HEE )t 43 BLDC RESF A E= tolojaol). /st 4
TTFAAE W or AAASE SA/75 AsATS A

Fig. 3.15 Thrusting system with propeller and duct
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Battery
(48VDC)

Hall IC Signals

Hallic [~ |
[ -

o

A AAFS] B85S Fol7] ] A FAL Fd ¥
A FA T4 AT > 45, ooy v WA
A H719F ©FE Y

UR Alg A et &

ol AA AR EEAL we

0w 00
00 200 100000
00 100
o 00

400 B0 1200 1600 2000 2100 2600 3200 3600 4000

Speed

Fig. 3.17 test result using dynamometer

FEFAA +% 23 dvHlaEg A9 >

2 dEd =
=4S F3 SAHE Fig. 3.19% ARAAE o] &3t FFF3A 9



Fig. 3.19 underwater thrust test

FENE FAE o]&ste] FAH MEAQ] BN FHA FHE
=43 54 AsAE Ay Fig. 3.200 YeEdT &2
e 9, 50 29, FEAL ISR, 181 xF2 AFAE Y
Epdich AlF Ay CWHEd A 3 dE5E 1900rpmA | 5.2kge] 59
o] AU CCWHIY v 3% %E 2000rpmA W 2.58kge] F4
o] A% U}, o= Table 3.8¢14 vteRd wpe} o] MAIH o] AF
¢l TecnadyneAhe] 300ww FXA 9] A5l dW+8 4.2kg, FHF+H
2.3kgEs AW 2 Y 9 o 5

A Ao 22 16%, 2 12%= A4
O
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Fig. 3.20 test results of

Table 3.8 comparison of

forward and backward thrusting force

performance with Tecnadyne thruster

Tecnadynejil: Motor Data
input power [W] 300W 300W
g;aefgm[rpm] 2000rpm 2000rpm
weight [kg] 1.0kg 1.3kg
length [mm] 226mm 179.2mm
Housing O/D [mm] 95mm 132mm
nozzle O/D [mm] 43mm 54mm
forward
thrusting 4.2kg bkg
force [kgl
backward
thrusting 2.3kg 2.5kg
force [kgl

41




3.4 Wt sh-3 A7
AP 949 AL AF BA, F L] BAA, B2 A% O-RingA

[e}
5ol A Tad a4y s Wil AHEE B B WS f B

Main Power |
Body Supply Unit

Fig. 3.21 3D modeling of the housing

THe-AS Fig. 33 #Zo] AA HAt}. Front cap ¥ End cap, Z18]al
Main body® o]Fojzl FHARY ddeHi2 AN, dd &+
ol W AY EAE alAdsty] flal sk Wil Wh o] ¢bd Aol
7bFeeteE AA Holow A BHagul Aol s A Holv
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A 4% AUV 7|75 74

4.1 AUV 7|7% +%
W F317]9F 39 44

WA E AUVE ROVL M &} w7k = 4719 5

|2 & 79 712 7MY 64F%E $5S Aojd £ e FxE

AABE T AUVY A7) & 7]5ol A Abgro]l Z4kekr]o] HelstHA o
AAE AUVE k3 2l

AU E WA @ 5 e 22 gakglon A

27

-

7HA]
ALEe Table 13 2t}

1t

Table 3.9 Mechanism specification of the AUV

T ROV AUV
5 800x1000x900 mm |  800x1000x300 mm
A 150kgf 100kgf

A A5 200m 200m
FA7] 300W BLDC motorx7 300W BLDC motorx 7
A o A2 6 D.O.F 6 D.OF
HiE 2] a7 G 1EA

AL 5-e-4 1EA 1EA

A 0] 3154 1EA 1EA
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Al 5 % CROV AAA2H A

5.1 Ao 28] +4

convertible R.O.VE] A A|2~8 42 A F 72, R.O.V 9] Ao} Al
g3 AUVE Ao A2Fo R Lozt

R.O.Ve AUV A4S 24 sIAE BAbskes o] Ank, A= Aol gt Ao
dugFe At ok 7 2 S oE eud oy f57F 13loth

R.OVE F3 A eHgolg el Alojo] wpe} MA S w2l Ao H= iy
= Agsta, AUVE ¥l 7} 4 gle A8 75 fagse] d.sd)
o AR dold 5X& 71k ARlE g A A &8s 71T elA e W
she} o] Aol dargFe W3l &gk Fasitt WA ROV EEo] a3 Ao

suos 1 1
Aol sk=Z = 7ioilzt
& | MU " DGPS" Depth 4] | -
- DVL A | ‘
LCD ZL|H | SEET | L]
| EEEE ] e
y— Q
-
~ ~— e

~
== =4

Fig. 5.1 The control system of R.O.V



R.O.V &= A4 VDC 300VE <17} wkol AQat-$-Aol A 7z
gt 29, A9 Alo] s2el] sk AS B7] & Ay Askek At
obgsl s2= A d9lth VDC 300VE 48Vih W3sle] Ao aF¢-Adl A
< A7tete] thA] 24V, 12V, 5V & 747 AhS A8t sho] d9S FHsksith

R.O.V 9 AoJA 7}g T3 F-2e dA =FolA Ao AHs AAtoz
¥ olH7L & F Ae Aol Fastth AA AA ] FHE L] 3] A
2% 5% s FAEon

Aefsk¢-d e IMU, DGPS, DVL, Depth AlAE ©]-&3te] Host PCoF A A9}
o doly Faloz ougolgE Aol ROVE Adaa & 91, A4
BH & A F gtk ROVE eHdolH e AH st $HS Fi A
o] Alx~’ls AT

AUVE Ao A|~dl ROVE AlY] 3|28 37 St A UVE 3ol
ol Faglo]l AL TS Agsts 207 ATt BALS AUV 7 FHL
2 BAA FAE T3 Flo] FAlA 71 Fask Fobdoe] " AUV B=
o] Ao Al~®¥lL Fig. 5.29F £t}

\5 «Aniln:/ H E 2| st =E!
B V/V H| 5 2|48Vv)

g Hof 2

| MU ” DGPS” Depth 441
EEEEEEEN wa] [ ovean ]
300W2F£|Xﬂ - e
= evic:
]
= =3 ’ [ o sl= ]
R

®
+~5 Froilat

Fig. 5.2 The control system of A.U.V
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