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Hovering Control of Convertible ROV and Study of

Underwater Navigation System

JEONG SANG KI

Department of Mechanical Engineering

Graduate School of
Korea Maritime University

Abstract

In this paper, a study of a new convertible, six degree of
freedom(DOF) unmanned underwater robot, which can be a
Remotely Operated Vehicle (ROV) or an Autonomous Underwater
Vehicle (AUV) depending on the purpose of the underwater task, is
presented. The design and development of the architecture of the
developed control system for the ROV and the AUV are presented.
The thrusting system of an AUV is analyzed. For navigation, a
sensor fusion board, which can process various sensor signals to
estimate and identify the correct states of the vehicle, is developed,
and a total control system including the extended kalman filter (EKF)
is designed and developed. For the AUV, depth and orientation
control experiments in the water tank are performed and experiment
results are presented and discussed.
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2.1 Jt#H Rovel D172 2y

(a) AUV mode
Fig 2.1 appearance of Convertible ROV

tH ROvVeE +=S0A2 oisL M2 RHMES

Mz 2AH6tRLD =B IIAXNE 2ot

o
DIE HEHez Fdot=s A6}, £8t 6 A=rk 2
x pe

SHOo H&ot

=

=

 —

-

otH 2, roll
HH XIS+ Ct.
MG A,



BiElel ot<&d, HIGAHO0IZ, OHLIZdIOIE!, F=&DJI, DVL, USBLZ #AIGtALTH

ALVEE=Z HE Al Jl2 432 HLIZdOIEHE HMeg UHX fFE2 ROV

D=9 SLotlt

@Lower Frame

@ Upper Frame
& power housing

@Upper case @Lower case
& Control housing

@Manipulator ®Support frame

@ Middle frame ®Thrusters

Fig 2.3 modular parts for AUV and ROV



Fig 2.5 assembly process of AUV
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ROV =L 432 &M AtXO0IH Fig 2.4 2 Fig 2.5

Ct. Fig 2.32 JtdH
TAUHHCE UE oFAULT.
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22 =XJ| o M5 HS
AESOEALFHROZ NOtE NEE N A FAI|9 BHO = HAEES
ol = HAE HXZE HAHSHH MESHALCH. =2 HAE X9 A2 Fig.
2.6 2CH[4][5]

Fig 2.6 configuration of Experimental apparatus
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Fig 2.7 configuration of Experimental apparatus




Table 2.1 Specification of load cell

Model Rated Capacity Zero balance Rated output

UMM 0~1.961kN

Z2 ANEIXC IS ASGH| AHA MBS HIHO HAES X

OtACH SN, AIE&EXI2 g 20 ®IXls =&I|2 U8 NI1E =2Ysef

off < XIst EdE AE A00HEZ SU A2l = 0Ot &2z Skgit

10kgll 2HE JDFGIH OHEAHFE H&ME = U= AEEXS & Ot

2 =HoIICH

F=pmyg (2.1)
26410m Sea-Con
5_.{)5% f (61cm) LMG-6-FS or -MP
6.03in
(15.3¢m)
SCALE 1:5 it
(6.7cm)
075in,, o 546N pe 4.25i0

Note: Due to motor tolerances, vokage required (1. 7em) ™ {13.9cm) {10 8em)

to acheive raied Bollare! thrust can vary +-5% ; 13.40in 4

Specifications subject to change without notice (34.0cm)

Fig 2.8 model 1020 thruster

2 AMUlA F= bkgdt 10kgll 2HINA S SEXZ A& Al 5kg2 3.5kg~4kg,
10kge 7.4kg~7.8kg Ol SHZJULC. MetMd 222 EHXIE AIE0IH 2= 0HE

H=5 HAHGHACEH [6]



? AEZNUAL 2S0EH= & 0.72~0.73012t 0 HAEZUCH 0 20t
HEHAME 8N &2 HE2=z EAZNH U=z FIIAIIE 0|25t ASSHRUCEH At
& At F&I|= 'TecnadyneAl' 2 'model 1020 thruster'OI0 02 QA& Wt Al
242 Fig 2.7 2 Table 2.2%+ &LC}.

Table 2.2 specification of model 1020 thruster

Bollard Output Input Weight
50Ibf(22.7kgf) forward 6.0Ib(2.7kgf)in air
150VDC
32Ibf(14.7kgf) forward 6.1A 4,510(2.0kgf)in water

oy

300wWg =

Ct. 300W= =&J12 2= F&J| o
o A1 O
LHOF StCH =&DILHOI LHE &
ACH[71[8]119]

| B9 £ SWES 918 2F HAS'ATmegal282 AL
| EEol BLDC 28 E2t01E0t L
s Sol A=A YBS =

90
ctOIEE Fig 2.9 Ol LIEHH

ot
X

A
W& &

Mo
2
LJ
In
o
=
H X
=

Fig 2.9 thrust test by 300W thruster



Fig 2.10 board circuit and block diagram of the motor controller

Table 2.3 Thrust test results

Forward Direction Backward Direction
Curenttd)  rpm Thrust [N] Currentid)  rpm  Thrust [N]
1 626 412 1 HAg 0.98
2 845 5,00 Z s1els) 255
3 975 10.79 3 743 412
4 1084 13.93 4 864 8.04
s 1152 15,70 5 968 11.18
§ 1200 19.62 § 1056 13.24
i 1251 21.97 i 1132 14,22
g 1269 24.03 g 1185 14,91
g 1291 2551 g 1215 15.70
10 1324 26.98 10 1242 16.67




2.4 =&J12l CFD ol A

2 ol A =XD|IE 302 222 oI F=XDI|2l 2H(D)= 111.15mm
A 2k 141.72mm), B2 2AHE2 54mm, LXl= &F 12.8mmoI0, 2 E3}
F&DI2 2+32 4.5mmOlC.
XA AtESE EE Tz d20| A2XN2E2 Fig 2.11 Ol LIEILAACE HIAH AFS
5,281,59804 OIH, ZXt= CFX && 2 X M4J|21 CFX-MeshE 0|&
MASITCH, & 2HUAL Z2X+E =010 |t HSS 1HdH| /6K
Hexa 2Xt2 MAGIACEH [10]

Fig 2.11 grid of the computational domain

=4 HR2S2 a0l 3XH& Reynolds averaged Naveir—Stocks
At A OZ XL HACZ 5t Ol= SSMERHO 25H0 O] At
3t =L ("é.*ﬂ—Era*). HERRU2 CFXUIA HIS33t= SST HEI2EES AIEDIRICH, 9
| =8 HHRS AIEOIRCH HAE y+IF SRHS2

ol



NS g0l 2xlat

ZAHHS gtel 10016t TIXl 255 Mgt 2= 2Kt

= ofULh

Fig 2.12 MRF (Multiple Frame Reference)
CFD dliidez HMAgstoz AXAMEN A  AH3IEDL H93HH OIS
B600rpm~1300rpmAtKI2l 2 rpmE F& & EQIE AGIUCH CFD HAEZUE Table
2.42 Table 2.50 2+2F LIEFLHACE.
Table 2.4 CFD results for forward direction

Table 2.5 CFD results for backward direction

s)Collection



om Thrust (Al Thrust Thrust Torgue
[M] (Blade) [N] (Duct) [M] {Blades) [Mem]
600 6.852 4,918 1.4934 -0, 1980
o0 9,004 6.739 2.265 -0.2660
800 11.708 8.737 3.022 -0.3483
a00 15.136 10,927 4,209 -0, 4351
1000 18.957 14014 4,943 —-0. 5461
1100 23.064 16,878 5,176 -0.6638
1200 26,920 196865 F.230 —-0.7349
1300 31.260 23,411 F.849 —-0.9084
- Thrust (All) Thrust Thrust Torque
[N] (Blade) [NI] Duct) [Nl  (Blades) [N=m]

GO0 -6.713 -4.552 —=2/167 01624
Fo0 -9.044 -6.117 —2.927 0.2175
00 -11.864 -5.023 -3.841 0.2546
Q00 -15.034 -10.160 -4.874 0.3586
1000 -18.648 -12.600 —G.045 0.4427F
1100 —22.648 -15%.350 —7.298 0.5389
1200 —26.970 -18.428 —-3.hd2 0.6482
1300 -31.672 -21.833 —9.839 0.7681
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Fig 2.13 velocity and pressure distribution on the propeller plane (1300rpm)

Fig 2.14 velocity and pressure distribution on the mid-side plane (1300rpm)




Fig 2.15 vortex and streamline on the mid-side plane (1300rpm)

LIEtH CFD oA Ztz deEeo =& S22 S0l Set 20 O A of
A EJACH  E£EF Fig 2.15 S = 232012 UEUX

o Mr
|>
=
| >
[nl
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I
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>
e
0=
ol

Ct. &= 202 o2 nto

40.000 . ) :
=#=Forward Direction (CFD)
=f=Backward Direction (CFD
— ackward Direction (CFD) _
=#=Forward Direction (TEST) / A
==Backward Direction (TEST) [
20,000 /Jﬁﬂ,«{("/
%m—"/
10.000
7
= Y~
c 0000
! 560"---;;1)\ 800 | 900 {1000 | 1100 | 1200 | 1300
= ~ e RPM
Z 10000 e ~—
‘*k\'\*% s
N il
-20.000 -\‘\
30,000 \.\“ﬁ
-40.000

Fig 2.16 comparison thrust tests and CFD analysis results

el st Z2sE 10%UHAZ A WA & X6t J2L dge2 ol
I BItg==5 0lME X010t 25t QAUCH Ol ZLES HAEA= MR
CtE Z2WE LIEtW=0, OARE HAE HHl9 NORES BY 22X 201
2 = UL Fig 2.62 NAF=s 2% FLe =& Al XAt =&I| A012l S22
OF RAIF 7Y H FYLCZE FHE 20 UHe 222 HO AKX SYg 54



Al ZEE b= BHHS ERE FYLZ9 KRAMC R = A2 FAI| M0IZ2 A
E 20 W= #L2 ZUHULL Oetd SHe S50 3ge S8AI%= U2 N2
O gt 2H T= A0 of&do Hilte &= FAXN =2 of& gL01J] HEZ ol
ALMME R SE Yol LAE HatotAl &2 A0 et Fgarel HiolE ot
OB etol QXIH LHMot=E H2Z SHEEIL
3. MO AAECl &
3.1 HAUVSl 2dg
HAUVSl 6AtRE 22 MAE body-fixed coordinatesOll 2o H& ot ALt
m[u—vr+wq—xg(q2+r2)+yg(pq—f)+zg(pr+q')]=ZX
m[\'z—wp+ur—yg(r2+p2)+zg(pr—p)+xg(qp+f)]=ZY
mhw—ug+vp—z,(p*+q*)+x,(rp—4)+y,(rg+p)1= D Z
Lp+U.~1)qr = +pg) L.+ =q ) +(pr-q¢l,,
+m[yg(W—uq+vp)—zg(\'/—wp+ur)]=ZK
. . 2 2 .,
I,g+, 1 )yp—(p+gr)l +(p —r)I +(gp-r),
+m[zg(u—vr+wq)—xg(vi/—uq+vp)]=ZM
i+, ~1)pg—(G+m) . +(q -p),+(rq-p). (3.1
+m[xg(\'}—wp+ur)—yg(u—vr+wq)]=ZN
0IIM Eq. 3 = &A=z 2tetg| ESE
Mv+ C(v)+D(v)+gln)=r (3.2)

OIIA,
M= Myz+M,, C=Cy+C,

<

rs . The rigid—body inertia matrix

4+ - Added inertia matrix

O

s . The rigid—body Coriolis and centripetal matrix

9
N

: The added coriolis matrix



T

[u,v,w,p,q,7]

t=[X,Y,Z,K,M,NT

D=

D, (v)+ Dg (0) + Dy (0) + D, (v)

D:

:The hydrodynamic damping matrix is mainly caused by

DP(V)

radiation—induced potential damping,

:linear skin friction,

Dy ()

:wave drift damping

D, (v)
D, (v)

:damping due to vortex shedding

:Gravity and buoyancy vector (forces and moments)

g(m)

HAUVE

Al
=)
oI

0l
<r
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Fig 3.1 HAUVSl 3D modeling
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Fig 3.2 frontal projected area of the AUV

_ Fxg
v_¢ T 3.5

F=5kgxcos30° x4 =17.3kg,C,= & =

2 H&HSHH Figure 620 LSS 082 JHE, pEZ Hith 2%
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3.3. MIOAIAES 2

HAUVSl HOAIABE dadoz dESEH= dA2 OolgIt 2HE Mo 32
Of 8EE0 dA CIoIE2 Hats Soll 8 RAXE =8, 8X2 &Eet &
25 HMOoHA ECh ROV MO SI201 DSPEZMA QI TMS320c 283358
ALE0t0 OI0IE =tlz2E Zeoti &t HAUVE & s =8E S4=

P OIOIEHE SdUA 288 = UATS o

HZ20 MESH 3=+ = &
HEEXE 2 MostA 0l &=atRAUCH[13]

HAUVSl HIOJl= ATxmegal28A1E AtE0X HMIAGHRALH sensor board
ete] &l dlgs XFI| ol control board £ & &&= Navigation datag&

TTL cllgel Salez HE = Al 3.3V dig2 S&oz HEtotRU MO
2

— T T

AAEE2 Fig 3.3 &L,
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Fig 3.4 DC-DC converters (PAF600F280-48)

JtH ROVeE HAWAM VDC 280VE 21Dt 20oF M3 &

B2 MO Sl20 228 MasS )| 2o MY 26t &
ot¥ st 322 FHOIRULE. VDC 300VE 48V
£ CIJIot CHAI 24V, 12V, BV 2 2i2f ME Zolot 2 7 420 A&
2ottt MR StRAFS FALot= power circuit2 Lambda  AS
PAF600F280-48 22| DC-DCet MRl ot™MAQOl 322 <IoH chargezdlE &
23328 AME0IH FHoHULH HAUVE HIECIE MESHH 3 &&= B0l
X2 HAE BHEUWAM= ROVEIRLS MRAEXIE OIS0t 222 MAHCI0A

dEgts 82 g€=0h

22

W
=
o

E)_u.
HU
e
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fe]]
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L 0
0
=
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Table 3.1 specification of DC-DC converters



PAF450F280 Specifications

TEMS/UNITS

MODEL | pAF450F280-12 | PAF450F280-24 | PAF450FZBOLZE | PAF4SOF2B0-48

‘Wellage Range ¥ CHZ200 - 400
inpant | Etficiency {vpl il % 40 | 4
Currenl {vg) [ A 1.81 .79 1.81 1.79
Nominal Yoltage VOO ] M 2 L
Mammum Cuimes A 38 | 19 6.5 8.5
Waximum Power W 4ER 462 456
:\"dlagn Sc-‘nr-; Accuracy |'i| % | -1
Ot (Manmum Ling Regulaton 2 mv [ | 5 96
Maomum Lozd Regalation  ("3)| m¥ 4B | =5 96
Teenpsrature Croaficient 0 0%
Manmum Figgle & Mose 9] {mivpp 120 240 | 280 £80
\:’nll_nﬂa -h:!um_a_l:u'i FI.1.rgv: (_"E_II -1!'.'!“’:. f]"'.:l'.i
Croer Curten] Prolecion 4] 106% - 140%
w_ﬁ_’r_ﬂlj.-'dtage Protection (511 135% -_1:15‘.!&
Rincbn Remate Senang {8 Preeagaloliz
Remaie OWADFF Candrol {"H) Possitle (SHORT: ON OPEN. OFF)
Paralel Operstion i Pegsbls
Rasies Dipsration "8] Possdie
Uperatng Tamparatans i) T -4l 1o +100 Baseplata) Ambient Temparatrs min=-40
Bdarage Temgeralune T =40 1o +100
{:F«mrgi'.l.tr.lrlrr..: _'-.F-.fH__ N = -UE‘LM dewarap)
Enm Esoeage Humsdly RRH| 5 -85 |No dewdrop]
\israion : AL e operadng, 10-55H2 (sweep lor Tan.)
] Amphtads 0825mm corstant (maemum 49 0mist) XY, 2 1 haur sack
Shiack 1 196, Imiz’
Coolng 7] ==} Conduthon tosked
Ingit- LOKVAL, In 2 BRVALGEGmA) Tmin
inclasion| Y hetand YoNage — D[Eilpm-ﬂntl:-limgggfnﬂ -
| lictation Resigtancy b2 Ouatput b Basaplala SOTVOC. more than 100M{(25 C.7T1%RH)
Standards| Sadety Standands Appeisd by ULG0A50-1, CSA £22.2 No.G05E0-1, ENBDEED-)
‘Weighl {iyp g pni)
hoicd Size (W x H 2 D) mm Bt x BT x 1168 [Reder to caffing drawing)
DC-DCE AMEotH &2 ZZ2tAtE10 HE A0 ME AtEot)| 2ol
MEZct0l HESHRL. MRSl otMAOl Z52 ol chargezsl2 ¥ 2332
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Fig 3.6 The power housing
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3.3.2 MO AIAEIS 2A[16]

MOAIAEZ A 3BREL=Z THAUCE.  A2dAH  HAHEB
ATxmegal28A1 board, &Y AIAECS HAH L SEHMAS HOIEHE EHOF
Xelot= DSP TMS320F28035 board, Ol & AIAEHES HASH= middle
controrl board® ARM 11 Embedded board OIC}.
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Fig 3.7 embedded system—-IEC 667 Lite
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Table 3.2 specification of embedded system—IEC 667 Lite

IEC667Lite
CPU 32Bit RISC ARM1179JZF — 667MHz
RAM 256MB
NAND Flash : 128MB(OS :
Flash
50MB/Storage : 78MB
System SD Memory | SD
RTC RTC
power DC 5V
Operating 10 ~ 60C
temperature
RS232 2 ch
RS485 1 ch 4 ch
Communicati TTL 1 ch
on USB Host 1 ch — USB1.1
USB Device 1 ch — USB2.0
Ethernet 10 Mbps
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Fig 3.8 thruster control board
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Fig. 3.9 The control housing
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Table 3.3 specification of control housing

Division ROV and AUV
Volume 230mm x 250mm
Weight 8Kgf

control board
Control module navigation board
middle of the control board

i~

—_— Mavigathan Board

He puoe | €

¥
[ >

HOIE ¥&

Comtrol Board

t

12

— | MU || GPS |

1

— | Depth sensor

#,

Fig 3.10 diagram of the control housing

HO otR&2 sensor board 22 Sl Hd#=2 HFD| fdil control board &

_<,3_
M E 5= navigation datagE TTL dlee Salez HE = CHAl 3.3V g &
N

Moz HEGHAUCH L8 control boardUl A F&IXMS HMOHE <Ich 28 =X
Y OIOILE SM2Z 2l =0{0F & 2RIt UL =AM} control board
BE 2t9] S4I2 RS485 S4IE MEGHULE RS4853 42 B2 HellAe S
AICIOIE &&E2] errorE HAAIZE = U0 control board 2] A Al 322
2HASIE T28 = UN RS-48584lS e otRUCH[14]



3.3.3 dIA AlIAEIS 2

dA AlABE dHe & &, 32, XSS UOoIeE F&=otH X2l of¢

F=SSH0 e SR FE0IL. d&e AX g 2 S Lol AoiA
Fig 3.12 It 20| 0l JtX dAZ FEE A S XelAAEE F4dotRl
Fig 3.19= M&ZE dAFE ASHIAAE 2EE0IC dAS FES Aol &E

g8 E2E= A 30N IMEZ P4 EHO UCH IMU, GPS, DVL, Depth
Sensorl| 2t B2 E 45l M2 00|32 T2 NA= Atmega 82 22t 724
OtLH IMU, GPS, DVL1 Depth sensor2l £841S5E SCI S48 Sofl 222
TZANMEZ dEGHATH HE ZZ2MAE AISE H2 222 dAHS2 OlolH

£ F0t LoIN SMS |

slave Atmega 81t 2t A E2| AHI0IE AlZ2tyt

= MHYE e 8= Master Atmega 8, HlA2l == 2H0F kalman filterS
OlZsld X =2 =HollUl= UIHIAHOoIA HEEZ2 DSP283352 AU
Ct.[15][16]



DVL GPS USBL

sTransducer &ssemble » Dutput sDsmension:
Diameter:12.6cm * latitude, longitude, 24cm x b.4cm
Heusing Ciameter: alttude, tirme Weightin water:0.65kg
12.6cm ‘Weight out of waber 1.45kg

Overall Length: 1 7om
‘Weight in &ir:2.5kg
Weight in water:1.2kg
s Qukput
* 3-axis velocity

IMU Depth sensor
. - ur
Qmi.litaD Cutp 0
4 arientation 360" « Specifications

+ 30 acceleration *accuracy | +0.15%
+ 30 rate of turn «Interfacing
* 30 magnetic * Operating voltage ; 11V~2BV
filed A\ * Power consumption : 0.5W

reference

Fig 3.11 The sensor control system



(1) GPS(Global Positioning System)

GPSgt Global Positioning System2 <fXH0IH, Ol=0AM SEMRAX & XsK,
ABH &SR] S92 &Y AIX AIES SO MO 28l UZ2/4ES 0120610,
B AXNE HAE 2= A= AAE OICH HEOl et L1, L22 LSO XH, ¢
BIMOZ Al Jisdh (HE2 L1 HE0IH X 2XIF 10~2001H H & =L,

2 Tiole 24 ¥ HY =98 (JUO2N LWAIRXIS (2949 94 24lS

Fig 3.12 GPS and Antenna

OHHILISl HL Y& =2 MHZSZ teflon coating=S 0128t 2H2=(3000ft DA
Bf4= Jits) THAIE EFIOl OHHILIOIDIO E =2 AS vis &X| Z 6.



Table 3.4 GPS(Global Positioning System) specification

latitude
longitude
Output
altitude
time
Static
. < 0.7m
accuracy(latitude)
Static < 0.7m
Specification accuracy(longitude) '
GPS
Static
j < 1.2m
accuracy(altitude)
Digital interface RS-232
Interfacing Operating voltage 5V £ 5%
Power consumption <1W
(2) DVL (doppler velocity log)
oA HIEHWA BIAIEI SISl &2 SMS 018260 =Z0A 2018
Ol 3xtd ST E HSFot= AMAEOICH
TE HAL MHE AS2 Oftel SEO0 LIEtHCH =2 dAH= HIE T2l BhAt
IE H=ot2z EHAEAN= OIHE &ot] JUO0F ot R H+HO0| Hie
HY QA0 Y= ERUE HZFO0| Jisot=EsE =A & H2le 50ecmOlae] =
Ololl XS0k StCE, EHAEANS 22 beaml 1 beam3 AOI2l XDt
Mets SFolloF SHCH.[17]



Fig 3.13 DVL (doppler velocity log)

Table 3.5 DVL (doppler velocity log) specification

x—axis velocity

y—axis velocity

Output
z—axis velocity
accuracy <1% + 1mm/s
DVL
Specification
Maximum Velocity +20 knots
Digital interface RS-232, RS-422
Interfacing Operating voltage 24Vt 2%
Power consumption 2W ~ 5W




(3) IMU (inertial measurement unit)
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Fig. 3.14 IMU (inertial measurement unit)
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Table 3.6 IMU (inertial measurement unit) specification

3D orientation

3D acceleration

Output 3D rate of turn

3D magnetic filed

roll <0.5°
MU . o
itch <0.5
Specification P
yaw <1°

RS-232, RS-485,

Digital interf
igital interface RS-420

Interfacing Operating voltage 4.5V ~ 30V

Power consumption | 350 mW

(4) depth sensor

croloizellgls BHEA

9| gt0l B atstlt

Ol &clE 0l80otH FAE Belkl 322 P4 4042 HHENE2 B3EF
£ FSotl, 28 220 SHUN SH0 Bl JBESE S5 = UL
2C2d3ZE S WEGH =2 €& otH =AAIZICH



@

Fig 3.15 depth sensor

Table 3.6 depth sensor specification

Output 0~5V

e accuracy +0.15%

Depth | Specification
Operating voltage 11v~28V
Interfacing Power consumption 0.5W

£Z0H M= GPS2 HIOIEE 22 2D oA 24 AMHel MU EX &
HAZ, GPS, 2 DVLS 208 HE AISE 0|20l 2§ &Y AlAHES
2B LCE.
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Fig 3.16 2 navigation
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Fig. 3.172 Atmega82 32% O0|C}.
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Fig. 4.2 body coordinate

Matrix)OICt. DCM2 MZ CHE Cartesian X EH 29
Ct. [19]
S FEAHZ Ho dEHe S AEH=Z o= #H4H, 0|S 2t 2

Al(4.1)1F 201 LIEHE = UCH

= roll, pitch, yaw0ll st A
Zotd & £ JASH, x=9 roll, yEO
St

g MEAUAN SH A

C? = CHHCHOC (W) = C 8385 —C 48,  CuS, TS8,8, €8,

CilySa 8485, Cu8a8,—C,8, CiCq (4.2)



HIIA, JIZ2 SX HEk 2

0
ne
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o
0lo
B
m
[m)

1 0 0 cwf 0 —cmd costy sin 0
G@)=|0 cosp sing | G@E)= 0 1 0 | C@=|—sing cosyr 0
0 —sing oy ced 0 cosf 0 0 1 (4.3)

ZI| AIIFE(initial self-alignment)0lgt &8 2E & MOl &It X
AEHOIA JFESAHQ XH0lZ MAS ESEXHXNZRH SFEMEA N st SHEE
Hel =IIXNHME Fote 2101 LEHHOICEH DLt 2 =20l AIEE 35 2
T MM ZR MItEez FEDN U X7 HEAUKEE 2E It D
XX @M JIEE MAE 0188 =D He HEg L8lsHt. 2 =2R0lke
ek HE Al B2 E FEE XEote IIEEH &2 01&06H0! Roll, Pitch

S AHIAE =, HAHE Roll, Piteh Jd2ll XISl XX HE gtS Z&ols 3=

KNIIIHAE 0IE6HH YawS ot Hl = L.

i

rolldt pitch€ —otJl floid= FeE=E0l sH0IX #E O, SHIIEZ0
S MEAUAN SH MHEAZ HEOl= DCME SotH HAS s &9 gt
o ZChs JtZ0l 2R0tH, 41(4.4)2F 201 HEAIZ &= UACH

a, 0 —&

a, =27 O = 8C48,

a, g 8€,C5 (4.4)
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—m, X + le)
—-mX —-mY
—m,(Cgm, + 5,8 m, + 8 m, )+ my(cgn, —sgm,)

=1 (Cottt, + 8 S, +C S m, ) —my (cym, — S 1, )

w=tan"'(

-1

=tan

—1,Ctt?, — mzs;ﬂsgmy = mzc¢sémz + mlc¢my - m13¢mz ) (41 O)

-1
=tan” (
—HC 11, — 1,8 8 g1, — HYC 4 ghi, — H1,C 410, + 1S i1,

£ ot Al(4.10)9 B g2 &= U0 22

roll, pitch =J| dgg A
yawll gi2 F& %= U =L



4.2 The extended kalman filter (EKF)

Kalma filter=

e ANAHESE AR JHEE LeIS22 HldE AlAE
MEStAl 20 AUVE HIEE AIAEOID] 20 2 HAR0AM= Hldd Al
o B& Jtssh && 20t ZHE HEoAUL.[20][21]
Measurement Update (“Correct”™)
Time Update (“Predict™) (1) Compute the Kalman pain
(1) Project the state ahead 5 z -1
. ?J_m “ﬂc “ Ky = PHI(H PR HE + ViR V)
.'L'R. = f(""‘k—l‘ II'A._I.,D) Aot . i B
(2) Update estimate with measurement 7
(?) Project the error covariance ahead -"(k . ‘.R‘ S Kk(zk s h(-i}_b O))
Pk = A;;Pk_lﬁg'i' WKQ*_]_WE (3) Update the error covariance
Py = (I1-KiHy)Py
Initial estimates for %, _; and Py,
Fig 4.3 The operation of the extended kalman filter
=& 20 ZHe= 012 NEe dgst JI&EEE AFEotA 20 8  FE! Ak
= JI&E2x Helh AAHS AN AEe JIE I gte 8  F=Eg Olct
1 B0, 0 g2 JIELZE 88 [ELZ AHASHCH
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Fig 5.1 The fusion control system of tilt and depth

ol depth HAI2E IMUE AIE0tH Fig

IMU(ROV,AUV)
= Output . Dutput.:. -
. 3D . Qs
orientation( 260°) * Specifications
- 3D acceleration ) i rF. accuracy : £0.15%
+ 3D rate of turn = Interfacing
. 30 magnetic / - Operating voltage : 11W~28Y
filed pjj - Poweer consumption @ O.5W

.t

Depth sensor(ROV,AUV)

Fig 5.2 sensors used to control of hovering
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Fig 5.6 The 30 ° picth control of HAUV

Fig 5.7 The actual 30 ° picth control test photo(in water pool)
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Fig 5.9 The actual 30 ° roll control test photo(in water pool)
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Fig 5.10 The 30 ° roll and picth control of HAUV
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Fig 5.11 The actual 30 ° roll and picth control test photo(in water pool)
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