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ABSTRACT:

The essence of Maritime Intelligent Transportation System (M-ITS) is the application of information
and communication technology (ICT) in vessels, port management and the ship-shore interface. The
research focuses on implementation Long Range Identification and Tracking System (LRIT) and
development of AIS-based maritime traffic analysis technique.

This research focuses to image data acquisition, the management system establishment and the data
renewal of partly area, mainly including (1) The remotely sensed image data of coast zone in Taiwan
rebuilding and to renew with part. (2) The 3 D system platform established for the huge image
management, query and visualize display. (3) The image processing system design that suitable for the
acquired images with Unmanned Aerial Vehicle (UAV.) (4) The strategy of map revised locally and
quickly using multi-source image.

Traditionally, multi-beam bathymetric technology is mostly installed on vessels as vehicle, but
waves, coastal currents, and tides are easily impact on the motions of a ship includes roll, pitch, heave,
and yaw. This causes the quality of bathymetric data various and needs to spend more time to do Quality
Assurance/Quality Control. This year mainly investigate the topics of underwater positioning, including:
the accuracy of ultra short baseline positioning, the positioning accuracy of the multibeam mounted on an
underwater vehicle, exploiting the interface of underwater positioning system.

The objective of the project is the development and integration of advanced technological systems to
achieve an operation of an Autonomous Surface Craft (ASC) ensuring a fast data collecting and stable
station keeping platform in a harbor and near-shore or shallow water environment. Research issues are
examined including ASC design and advanced control, guidance and mission control. The analysis and
design methodology developed for this project will lead to deeper understanding of ASC systems that are
efficient for marine observations. The advantages are expected that, in addition to safer and less expensive
than manned vehicles, this robotic vehicle can be effective for bathymetric survey, environmental
monitoring and sampling, and costal defense tasks.
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PILOT CARD

shipsname _REGINA MEARSK (345) Date 1402

Call sign Deadweight tonnes Year built

Draught AfRF/L _ 122 m __ 40 ft 0 in Forward 115 m 37 ft _6_in Displacement _108,570 tonnes
Partial m ft in m ft in tonnes

SHIP PARTICULARS
Length Overall 3182 m 1043 ft Anchorchain Port _ shackles Starboard ___ _ shackles
Breadth 4176 m _137 ft Stern __ shackles
Bulbous bow Yes] No[d 1 shackle = m/ fathoms
m m
< - ld P
< > gl
| ft i
L] ) . T i i Air
™~ J. 1 draught
43m b
K ) =" 4573m
_____________ ©ooaseft i
%— Paralle! W/L —’l
Loaded m
Ballast m
Type of Engine o Maximum Power KW HP
] i . I Speed (knots)
Maneuvering engine order RPM/pitch | Loaded Ballast
Sea Speed 94 25
Full ahead 65 17
Half ahead 50 13
[ Slow ahead 35 9.1
| Dead slow ahead 25 8.5
| Dead slow astern ] 25 Time limit astern min
| Slow astern 35 Full ahead to full astern s
Half astern 50 Max. no. of consec. starls
Minimum RPM knots
Full astern 60 Astern power % ahead
|
STEERING PARTICULARS
Type of Rudder High Lift Maximum angle _35 °
Hard- over to hard- over 11.7s
Rudder angle for neutral effect 0
Thruster Bow KW 3000 HP Stern Kw HP
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slow ahead) % 4 i j*i# 78 (full astern ~ half astern ~ slow astern ~ dead slow
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1. IKONOS f#F %

B AR B £E: IKONOS # A 48 > #& (Body-Rotation) e7 >
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% 4-1 IKONOS f#Fk # i F 3

i ERENES i o
Panchromatic 0.45 - 0.90pm 1 meters
Band 1 0.45 - 0.53pum (blue) 4 meters
Band 2 0.52 - 0.61um (green) 4 meters
Band 3 0.64 - 0.72um (red) 4 meters
Band 4 0.77 - 0.88um (near IR) 4 meters

2. Quickbird &%

BiATTA B RiTE Quickbird & 73 & 5 450 22 - i 4 98 R
i B RV ﬁuﬁ FH 934 2480 BT 4~6 X o Quickbird
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iYL 2R ﬁ»"%ﬁaﬁ-ZS)ﬁ’@dﬁ’ﬁ'l65Km’};5 AR w7
TR E 0.6lm2 7 BfE4r R - kB %5 2.44m - H QuickBird f#F

.E_'_ ’F'J,\"‘:\%‘&\':'Z\' 4-2 t"‘rﬂ‘, o
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H B T EFETR
Band 1 0.45 - 0.52pm (blue) 2.44 meters
Band 2 0.52 - 0.60pm (green) 2.44 meters
Band 3 0.63 - 0.69um (red) 2.44 meters
Band 4 0.76 - 0.90pum (near IR) 2.44 meters
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Pan 0.45 - 0.90pm 0.61 meter
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B 4-2GeoEye k% # i (f% 4 & 41lcm)
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i & 3mm+0.5ppm % £ B H A
Lo Smm+0.5ppm
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®
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Reson 8125 #E F L 455KHz -
4 & # P 240 Beams °
FALT 05 -
BIFEE R D120 B
# | Applied SVPlus | H T R BT A 1 - 4% -k 0.00005,
i# | MicroSyste % JE & 0.00007, ;% -k 0.00001 -
ms
B E A £0.0001° C
R4 fRITR 0.00215%1%_5?']%@ °
] Seabird SBE19 ETRMETAR - 4%k 0.00005,
i % kA& 0.00007, ;%-k 0.00001 -
AR R4 R 1 0.0001 -
R fRITR 0.00215%1%_5?']%@ °
# i | OCTANS 100 # 54 B Roll&Pitch % +0.01° >

Heave 545 =>4 & 5% o
PEERHFRGIL02 R -
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¥ -k 100m




LA | AR | A # R .

# & | TSS DMS-05 | Roll&Pitch % +0.05°  Heave 7 5
————
F o D& 5% o
% &
! ¢ Motion
B R
. Sensor)
%

5.2.2 %3 ‘i/?]/ x SukE R

B'% % R 242 (IHO SP44) % w 5 & ¥ 915 M R 234 B ihenn
17 % % #5313 37 4 (Total Propagated Error, TPE) > % I 5 #9773 3%
ZF % 5 5837 fatt(Total Propagated Uncertainty, TPU) » i #- TPU
% & & T o 7 FZ 74 (Total Horizontal Uncertainty, THU)£2 €& % #x T_
H_(Total Vertical Uncertainty, TVU) o #%—*FLE}% PlRITEn R L=
BERBH R EEL  FRERERRIFERY R BN R SERL D
HPEUEFE R RE FoEmt F 5 RRIFTRYH AR RS
HHESPFEET ERFIIHFERTLART-RFP ERF 45
=X & P04 & (roll, pitch etc. )“’K‘A v GERINA ] ﬁﬁ?_n ”’L’r’ﬁ RS g
HEADTPU Y P12 R dhd niit LERL PR A %’k A
A AR AR R R

KRB RET S W FHE 12 CARISHIPS 4 3
L0 B2 Y TPU ehff mA 5= <78 » fashe
(Offset) 2 ¥4 £ (StdDev) -

1. #p%t=% & 2 & B (Offset) «

(1).MRU to Transducer(x,y,z): 4 & £ it R I § 3= B cfp =
‘%‘ o

(2).Navigation To Transducer(x,y,z) : =& I 5§ L= B e cip 3

B

(3).Transducer Roll : f pFi¢ * = B3 kst TER > % 5%

v

ME > fEZe T L0 o

oy

2. 1 % (StdDev)
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(1).Motion Gyro : & p|éus dik i £ o

(2).Heave % Amplitude @ /% ;3gzF &g it e 8 1 o
(3).Heave : £ B[§ /e 1 o

(4).Roll © &R = w#HFH & iR B X o

(5).Pitch : & p|# {8 AL R K o

(6).Position Nav : Z_i= e X o

(7). Timing Trans © 3 $kdp #F PR o BE L -

(8).Nav Timing @ F_i= PFF ek & X o

(9).Gyro Timing : & Bl4p 4w 5 enfR 8 £ o

(10). Heave Timing : & |3 ;AprF et B 4 o

(11). Pitch Timing : & Bl 1S AL PFF efR 2 1 o

(12). Roll Timing : £ R = +#FH s pFRFEEZ -
FLEAFEE X DR E L
FEERAHCE 2y phe DREL
RLEAPHEE Gz phe IR EZL o

i®
(16). Vessel Speed : & B4 7L & X o

(13). Offset X : & Pl ik
(14). OffsetY : & Pk
(15). Offset Z : & P &

(17). Loading : 45 & jd -K* £ 1+ o
(18). Draft : £ pldy & ef -k eiB 8 4 o
(19). Delta Draft : & P4y & & fi v R e 8 £

(20). MRU Align StdDev Gyro : 7 R ig2t ¥ »t4p 38 & ¢ o & P4y
dgre R L o

(21).MRU Align StdDev Roll/Pitch : 45 & % g ik 243 »0 4y €86 ¢
CERIZFHEEEEL -

523 % PIIFHFR2ZEE

PRl s R KA PR L B RBEFR L2 A SR
o A RFA(b g v ééﬁéaw%ﬁmmﬁw@@¢
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b R SRS T LR TR A B KLk
T =% (X1L,YD) 2 -RKiFE(Z) > £iplkT wgmw?« d >k Al
% ¥L(GNSS, Global Navigation Satellite System , GPS + GALILEO +
GLONASS)% i o ¥ 3 & BliE % 5% B 23 & 4 T (beam width) » %
5 KRB L AP w R F F £ R (equal angle) 2 I §E#E(equal distance)

RN BIFEROR EIRIFEZ) 0 e ok T2 B(X2,Y2)imy &EF
(foorprint) + -] 9% Fg 14 (uncertainty) » F]p* GNSS & PRk T 2 24
EXLYDERIFELEFX2Y2)R ZRERRE > i HEBER > %7
ME e B LR oL & BHACR 53 4TF o

DGPSEFEE

ZE R SR RO A R )

B 53 3RS T LR

T R BB % Gk SRR A R e
(Patch Test) &+ #] TPU suigips » & Ebr R A FHALE -

A A2 KT 2l R

kTR EE Luiw BRI Ef R AL (Fed
R BAE RN kY T RR O OFIMFEE TE 2R (total
statlon)—st l%%I'W £¥ N J\—r Tiro B m b &”#‘;};F’}P R E_
FEV A G2 A5 0 M E #(Inertial navigation) & FH 3¢ 2 i+
(Acoustic positioning) ° 1§ ]&%ﬂmm@,ﬂhnjfﬂ ¥R X3 > L R BE

B A TR FLEGEFRR L A %~ Ft g * gl
F'&m)fﬁ*ijrl“%"”% °



531 J\‘L' g'g il-—/:‘ ’b’}q‘;{‘—“’i‘

KTEEDIT A VFEABRS ARG AGREE RE

B2 B ap HIERA Z AR RigARSE & k7 BF e iz 50
TALREAS  mAM el T itheT

1. & fL# %% 7 i (Long Baseline Acoustic System; LBL)

EAREE 2 = (LBL)7F 4B 54 77 > £ AR ke
FHBRER TEFRERE W@‘g‘,{@?,@}%ﬂ{}%@’ﬂf:ﬁz’fﬂ
Vi B AT AR KA AR AR BRI FE I A ERT
Pl oo iF AT AR g BEN - B §RE BT -
%ﬂﬁ,gw&—ﬁf%ﬁ%%o%ﬂﬁﬁﬁﬁﬁﬁﬁﬁ$%%
Bl REEFBIE - BRE B B eyt (AFE) . SiEA
FER € 0 VR e g Beng i o

WO B

Transceiver

7’
7’

s
BEB DS
Transponder

B 5-4 £ A EF 2 i+ (LBL)T & B

2. ‘@ B4 7 iz (Short Baseline Acoustic System; SBL)
TR BT T @ﬂﬁiﬁﬂ56%%’%gﬁiﬁ%%w#

& 4 ;“ L‘E,L'— , j_ ) g B ‘1{;? B 1) 5 éq/#k,, :{1 ﬂfm}%&g ’
ho B 5-5 75 o %ﬁ’w%ii *%? Wmﬁ%(éﬁ%
BoAF R B 0 R b e BT R R 0 F AT AT e E B i
ﬁ’:ﬁzﬁ %ﬁﬁjfmﬁkhﬁé${ogw%,ﬁﬂﬁ Fe
k%%%ﬂﬁw’%ﬁﬁiﬁﬂ&*§=é’&§*® N B



R B ST U RERE BEE BT AR JEd AR
oy B RAR R o Aty B Y B A Rk kT
Btk o

WA B
Transceiver

BEE
Transponder

B 5-5 ®ARET Li=(SBL)T &

&k R HH 7_i>(Ultra Short Baseline Acoustic System; USBL)

o f A8 2 2 (USBL)T & 4B 5- 6 AT AR B A M
1%'3‘”4»? 7@ 2k A 3 aﬁ‘g"](’}?‘ By b oo mAL Ak LA Ry
I S L_wax 4% AMpEag ‘qﬁx R BAREAR
LS g ﬁ(Transducer) L A H - By B2
Moo AMEET AL c REARP T EIEROTE 2 2 EEL
Rk > 2 Elg B é%ﬁ BRINEERErAEF LI EAR
O S FRIFRLRGED %ﬁ‘%#ml“;i TR AL AR
BEAL o ATIAZE AR K AL ¥ I sz 8L (Sinusoidal s1gnal)
kﬂwﬁ%# 1ﬂ?ﬁﬁﬁﬁwW(HMpm%)ﬁd#uw

F'“mF‘*F'&#B'“’?'/"E P kT3 e drdy

B d EEAERGE D E’ ﬁ‘—«f’”ml“ B oo

B R B&m&éﬁ E o i q%)i;» 5% 0 ins AAERYE
EHE éfsﬁl\/,‘ oKk T Z_ iR £ AR LREFRT T
%ﬁ%3@uim@g Wi.ﬁ% e BRI KA
BdBXEERBAT LR P é‘-ﬂﬂa z&@‘irﬁ? &
R A ALEH AT W s LR E - Ba ke BT Pﬁﬁi‘i’t%

7
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/ Transceiver

Transponder

B 5-6 Az ®AMEF L= (USBL)7 &

5.3.2 F R B R

AT 1 F‘ v & /E'J:Jg‘ # LiIleuest 2 2 11 PinPoint 1500 £ g};ﬁ/%
 HEERE R A 5 0.15~05 2 ¢ > 3 E R FH L T E 1500
© o W m A ded 52 4T o 5 T R - R Ak 2 i

‘H;/i ﬂ\ﬁﬁyig‘g‘f"%/‘*f“/?]é‘ # i i%éj'&r—r

1.

FERFOE30mo3E G Fe BREE S35
BEEFIERGS 150 27 2+

v

+ A STE B R *\/f%“’ Kb RkTRE o SRIBETEMHER >~

Foatg BLXRANL EAIMEBFTF TSR 0 WMo B& K

A BRI AT T Y ;ﬁd 4y e GPS FTALE AR B B ok

R oo pth s I EAREEFTHL T UG E g By o d
(F-3:

s

o

"‘GPS;‘%"““ W 15 T 2 I G < xil 10 2> & > F ’
AL IS v GPS BRI e BimE H A ART ';4
»k@%cg’ﬁﬂﬁﬁéfﬁ&iiaﬁao

EEERARTT2Z W R FAGEF BREBN-E - BEEE
ﬁm%gﬁﬁ’?ﬂ%¢*l’pﬂ?kﬁﬁ’*@éﬁ*”ﬂ

™
Fokm A EBEF o P EAERTE B GPS L4k £ Ed #ik



BIEFHEIE o B BF R A BE Bhed o e
PR Z B AR - B EPIZEERERIAEI R T B
A T UE BN E Bzl o Ra o Aoy Bead
PARTRRGFL > Bd 2L FTHIAJNHREELBE R
B st B iR AR S iié% BEN R U AL R kil Bt
BORFEEE AP SR KB F
oo RkiE i\ié‘*ﬁxxiﬁ' (Global minimum) > # & & /x 424 B] 5-7
b'l-i—ﬁ- o
% 5-2 & £ % PinPoint 1500 % %5
7 A Yo B & E BRI

H R 0.15~0.5 m

T ATFEAE 1500 m

3T R R 210° (omni-directional) | 210° (omni-directional)

A 26.77~44.62 kHz 26.77~44.62 kHz

% bt 7 20 W 20W

BB 0.8 W 0.8 W

RPN # 3 8 mW

B EmE 8 x 24 hours

B o4 F (TpErL 2 years

A 13 cm x 23 cm 13 cm x 50 cm

@ R 18~28 VDC 19~24 VDC

Tx v E£F 3.3kg 6.8 kg

k¢ £F 1.4 kg 2.8 kg
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B o B ¥ FAKE

GEEE 32 B

??%%&%ﬂ%éP?@EW%ﬁ,@ﬁﬁgipﬁﬁﬁ
(Objective function) » @ P &0 He&2 -k & B 2o 5 B> Flot & F

e & Jpiem CTD £ip) o A5 % itk lil“‘;’ié ke B BE R
TR RE P EEfR (Global minimum) > # & 5 L2 4c B 5-7 #1
E

B
qi%;& /fﬁ E(sza Ply) O) i=1~n
WA B SR E B2 B RATEGR s, i=1~n
KB HERH @ c(2)

v
B % Bl (B, B, BY)

FIR B R T EOR B3 AR A B2 B ARAT I ]
t=f(PL. B, PP, c(2)), i=1~n

Y

A
AL IE A S 13 B A5 A

Minimize f(PTx,PTy,P ) Z(c‘%)Z:Zn:(tmi_ti)z

i=0 i=0

A
iﬁéﬁﬁﬁ%(%’fiﬁ’%;éﬁ (PT(ka)’ PT(ka)’ PT(Zk+1))

k=k+1 Exit

B S-7TR*EAGEMIEREREB-EZ N

5-14



4, BEBERRIREZE A FBRFEE LA REE
PEE BR L BRE BL R OAET I P R R o e
B o0 0 - U E R ) a&’wuﬁ FIFRFRT ARG
I T Fii{éﬂ”‘f:_,__@" ﬂﬁt\mmj\l,p*ﬂ (xy) ;4\'71?
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5.3.3 RHF-F B

%W99&7B9E’#P§%$ﬁﬂﬁhW$ZP%4MNi§
120°13° 137 E)ie (7 & A2 =9 % > e & ASMAFE ~ GPS -~ FH
@w$~uacm£@&ﬁ+wfiﬁﬁﬂ,i%w;@gﬁuwo
mx150m = A543 o ulmic s HRE BFMWAoR 5-8 771 0 @
T é BT B AcR 59 4Ton 0 2 od Bk 4 RE R ESTREY 26
e o B B RFCCF B AoBl 5-10 477 e
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4 %5 CTD € p| R EE Kk ## 26 -~ = CTD £ pl#1i ;%i’}é%i
Bt 2 e B Ar® 5-12 47T o 150k R BE e~ BF A EE R

GPS T iz~ 2 EH R P E 4w (Heading)~ %¢3(Pitch) ~ # #2(Roll) ~
Ao (Heave) Tl » 5 1w £ 5 BenG A8 ok 53 % H
5-13 9757 » T E B2 ALER A (Slant range residual) 4] 5-14 #7
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2305480 3 % g o

AL RS £ B

2505650[0 O W BT HSE
A BEBHBAME BEBBELE
2505460
—_ —~ 2505600
E £
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> > 2505550
2505420
2505400 L L L 2505500 L .
168900 168950 169000 169050 169100 168900 168950 169000 169050 169100
X (m) X (m)
4 a5 3 5q
(a) EEE (b) ARE®
2505630[0 e gt % g ss W 230548010 ¢ % AT #sn
A BEBBHAE A BEBBRME S
503600 _ 2505460 . ﬁ
~ g’ 2505440
> >
23033350 2505420
2505500 s ‘ ‘ ‘ 2505400 ‘ ‘ ‘ ‘
168700 168750 168800 168850 168900 168950 168700 168750 168800 168850 168900 168950
X (m) X (m)
—_ /V—" s . 4 /:,l‘-
() =L REZE d 5t Rs®
2% 24 A% 1 ok LA 2= )
Bl 5-11 43 B ¢ 2 L g7 B b7 fiLph
0
5 - ]
~
g 10} i
N’
=
a,
O 15 i
A
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GPSK#

N

—— KIGHEM

AIS
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Migeni & R 5 L=2.75m~ L,=2.05m~d=0.5m~D=0.25m~2b=0.95m

Li=11~df =2 267 <0345

AOH A TR TR A B % o Bldok 6-1 4T o

4061 AR Pi R CTE S B

If P B ¥ =
#-k (Displacement ) 496.4 kg
vz -k (Draft Amidships ) 0.95 m
4- %8 £ (Length of main hull) 2.75 m
k& & ( Waterline Length ) 2.379 m
# +* BWL ( Beam max extents on | 1.073 m
waterline )
£ 4% (Strut Width ) 0.185 m
+ 4% (Strut Height) 0.82 m
? 4= £ (Deck Length ) 1.82 m
? 4 % (Deck Width ) 1.5 m
% & (Height) 2.27 m
=kw f (Wetted Area ) 17.265 m’2
k&G o f# (Waterplane Area ) 0.749 m’2
# A5 % B (Prismatic coefficient. (Cp)) | 0.777
= A5 2 #i (Block coefficient (Cb) ) 0.678

6-4



3P i iE H =

kS G m ff % #ic ( Waterplane area | 0.996
coefficient. (Cwp))

e s (GMt) 0.292 m
%48~ 3 (GMD) 0.694 m
&« (Gravity Center) (-0.87,0,0.12) m

A DT PR TIROERT AT R IR 4 TRl s BRI
4 el e 4 il R gy Maxsurf S8 B S 5 4 Bl4c Bl 6-3 ~ B
6-4 22 ] 6-5 7 7 o

1 T T T T T T T

Residuary Resistance Coefficient

G | | | | | | |
0 0.5 1 1.5 2 2.5 3 35 4

Speed (m/s)

Bl 6-3 34 2N Fl 4 4 e
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Friction Resistance Coefficient

G 1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4

Speed (m/s)

55;] 64"""“4’“‘“' Ljf%’-l‘fl" ,’?gt

Total Resistance Coefficient

Speed (m/s)

B 6-5 K3 A Al 4 ik

i # :E«ai"u;gﬂ%“’f* iﬂ‘ FNeiE S ol om A A B }\fgr‘ E]-Em
R VREY SERLET ST R
BRI E LA d 6-2 AT o Ji 4 FH AR 1#’&" AR

(thrust deduction factor) = 0.3 °

E S

._,5\ -
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3 6234 7 E B pArE g

&4 5 EN) 4pi2 (m/s)
3.92268 0.1045
9.8067 0.2194
19.6134 0.3374
29.4201 0.4484
68.6469 0.5652
107.8737 0.6947
137.2938 0.8219
196.134 0.977

#ere 4 de B G MpE 4 Aficis ¥ Maxsurf 088 AT B 20 BioiE (S 8 3R

%Lbﬁ“&’ H W gger p Bupsh e 4 Gt fA4cB) 6-6 7o o d BT 4

B R (0.5-0.75 m/s) IR 0 B FEE Y BB e R0 e v i
5 E B ﬁm?ﬁy °

2

Prediction
18 *  Water Tank Results| |

16

14-

12

10r

Total Resistance Coefficient

0 0.5 1 1.5 2 2.5 3 3.5 4
Speed (m/s)

Bl 6-6 ¥ p BuEsh B4 Gt ik

d Bl 6-6 > 7 B{F - g R A R 2 3¢ R IF G| A Ay chdRfT
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Boo B TEFB2Z &L B NG 5 04 m/s x i EB (788 B FF
B = * 0.4m/s 'J#mfgfﬁ* niE ooom Ak B 20 0.50-0.75 m/s FEFE
4okl F- ol B RmEY PR RERITL R AL IRFER -

N

6.3 df i e IR

B B pE o SWATH v — S H f4p afr b T 5 F g 24
DR S RET LT S ek Bl £ P kil 2 FRI
Be o AT B Seakeeper TR E T aE A S A Ry R E K auE
LAl e f"—f‘!; o B P hT S BARPHFTY ¢ Y IR s
PRI BRI FRFBEXRLGHA0TSm/s g B T (TR -

A B L E DA RAIEIRTAIMA K S S B R
ﬁﬁm&1$%%ﬂ6ﬂﬂﬂ@9WT°d%%?%’ﬂ - BB
Tl T EEAR S PE R RAR] A e - FHDEIRT A B AXF P
e g R AR o

The relationship between wave condition and heave motion
0.4 ‘ \

T
wave period 3s i i
0351 77" wave period 4s ! [
" ®EEwave period 5s
I wave period 6s

0.3

0.25

0.2

heave (m)

0.15

0.1

0.05

wave height (m)

Bl 6-7 7 I iU T e RiF & ol B
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The relationship between wave condition and pitch motion

wave period 3s
= ®=Ewave period 5s
=*=*="= wave period 6s

A= T T T T ]

20+

f f f f f
I I I I I
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wave height (m)
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The relationship between wave condition and roll motion

wave period 3s

|
|
|
|
|
|
|
1
|
i
0.9

0.8

1
|
| i
0.4 0.5 0.6 0.7
wave height (m)

i
0.3

.2

0fF————7——

0
0

(68p) 104
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KRR AL AT S T B R
[e]

/P'J/;—L‘:ié'% ’ _'—7\:]1}[‘ A ‘é'L_;E_; :l'lj/i_' A Jig f,‘E'éll; L’f‘),#} ‘/VL:]I,,. 1.- T ‘/“’J “qﬁl %‘L
%;}5_ % E
FES U] 2 95% > B oM i@ & R TIPS % ) 3 95% s o f

f
72

B 1Rk R R 8 R g e kiR E
5
i)

& A A dE E AR o wHir’ KIE 10 2 ' 2l 2.3;
A e 05 2 % oA ME B FHRIF S K P e B 6-10 0D, R

A B R G35 T SHE R T kRS R (6. 5 D

= A NP A

survey

D, = J(D+h)* +[(D+h)x tan(p)]* +[(D +h)x tan(r) (6.1)

He DZF%HRF~h ZHBACRED p A MEIEER ~r 2 4

Wi HFEH o

Vertical Axis

Roll Axis
|

Pitch Axis

Project Depth

survey

/ Distance measurement
under heave, pitch, and roll

Survey affected by heave and pitch “,“‘/“

Survey affected by heave and roli ™

Bl 6-10 4p 4 X~ SIEE HHEFRRIFE & 9554
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B 6-11 #777 2 KiFE 15 2 2 Ik BT > JM s L RIPFEA
K L“ki’/ﬁ»/ FH A B 2 M RenTE RS LRI KRR G
IRV L e SR EL 7 S Js gt AP S5 1__744‘»: pﬁ‘iﬁ"%@p ' F
¢*%m5f*”%ﬁw’EﬁwwuﬁﬂﬁgmﬁEﬁ’Fi%ﬁﬂ

.

/\ '#@E'Jﬁ?\;;/q/%%ig»1‘/4lir.j2~°

| 0.12
027 |
IR 0.1
01541 | [ el
£ : e I
5 | | | | L 40.08
[0 4 | ! ) |
S 014 | ; | 1
S | | | | :
N 0.05 : . F jo0s
0 | 0.04
i

0.02

0.4

Wave Period (sec) Wave Height (m)

Bl 6-11-KiF 15 = ¢ 4o 8 fo ROPIIFF-Z & KiF e B i i
AB 2%

dOB6-11 2 s > PaAdy AR Q3 HE R £ER
oo T AR A2 X FRAERE fde ik s B Sk p oA
Ho UL BT o drda2 Ae R p R F T R TN E
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2,7 2 !
T, =2x BWL (kr + A4, )
gGM ;.

Lk +A.
Ty =27 ( y )
gGM,

LA
V= $-K;
L= #; & ;

g= £ 4 i R

k,= # #2228 -k & beam Vv ;

,= WL B AR

Ayp= KR & & 7 ;

Ay =Ae R TR E G TR

Ay =H A e A TR BID 2

A =5k FREGTE 2 LRt

(6.3)

(6.4)

% (6.2)~(6.3)~ (6.4) N #7255 2 4= K B4~ Gide2 p ARAE F o T

Tome = Zﬂ\/w ~2.12 sec.
9.8%0.749
2 2
I —am \/1.073 (046 +02) 10 .
9.8%0.292
L E
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~ 2.46 sec.

\/2.752(0.282 +0.06)
TPitch =<7
9.8%0.694

PRI F R BHRL SRR R o d SR BRET v R A
REPABEGF AR THARELALRLBE > %%*%ﬁﬂp
RS TEARFERIEL B S cd A2 1 TFRER S MR B
TR g g A 2 SR S & B T B 0 AR

o
A
'y

6.4 & X 4535803k 1T,

AR A A A i (F R A A p B ks (AIS) il
%&%%%%@ﬁ%@ﬂi’%“‘EW"ﬁ@ﬁﬁxﬁéi’ﬁ

¥
(of

Tx v "l%gd Google maps =3/ & > 3t F b W fE2a A dp ek i
FTEFHPEL o AEANEEAIARERNL AT 22 8 7 AR

B R B 0 G RRIL U B4 6 R -

6.4.1 %% &

B R BIREFTER ST B, {z,*,ab'“rx Fa”"ngb
L TR A B R N %%#wﬁv@ﬁ—r o T ARk
gL G E R oM E AT AT TR )l*%‘%,]‘i BF T }B*‘?f:ﬁ_ :
1. % 3R F 1 & 4% 4 5t (Earth-centered inertial frame)

Bl 6-12 3+ 3k ¢ oSfg M AR K
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SR HAES BCL Bk kst e 23k ? Rk SR
BEX Y Z, g T.t ¥ Bh4e ] 6-12 er—‘r ° X, $hi2 Z, 50 Hdn e G A
Lok p i B oo YV ik B E R e o

2.5 7k B _a & % 3L (Earth-centered Earth-fixed frame)

Prime

h Equator
Meridian

B 6-13 3= 2k F T % 4

PR R R B AL S ECEF Atk ko Ste Aik ke BEX Y, Z, 230
prpdow s REERCAEEFFFAEMED o X fheht e 5 R E
e A F 2 RER 0 R)forg(Fk 0 R)D B Z, fhihl v &
o BEdpre il e Y i v TR e > REAFELER 90 K

LBEo TR LR R S o =7.292155x% 105799 g % s e B 6-13
S€C
,_4,_'_7—[_ °
3.% ¥ kT 4% % 3t (North-East-Down frame)

, () n=True north

e=East

d=Down

Equator

———Prime Meridian

Bl 6-14 ¥ kT A4 4 4
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L‘L}’B‘fi‘%—,? L pEAEY ):’Li-ffe"’% GRAL ks TR KT E &
“"’},‘T‘a‘!fgé-f—f..,'%\ Fm__m ,n%

B A f 5 T A4S NED Bk st
T & % £ 2P 4cB 6-14

L3 ,e%;}'ﬁrawa\ = ' m d%#ﬂrﬁ'—r—,’,—.

/
‘r“

Bl 6-15 bl i fE 4

OF D2 IS - S n R T 2 ) 8 tmﬂ; ‘fu”ﬁ U~y
v phe s e g o R "fiflgl 6-15 #1771 ° ¥EF u%ﬁﬁméi‘fﬁ—;
ﬁ; # & (roll angle) » ¥E% v dhedd e & B f 5 4845 & (pitch angle) » &

F owphie g ook B AL T & (yaw angle) ©

6422 % 3+ F & g FEF R LAy

AT A AISEHGPS FTard S euw v A+ F 8 jml BXi
cHu WA+ EE g B2 kilie E 2

BUE o b oo Rk § A BT
"

B RERE ST
%% @ Adpt BCEF RfE & 9 chpe
B'é;‘ A ‘tf'? EE‘? E EE‘;‘ %" 7T ;' :‘; X = (xe,t—lﬂye,t—l’Ze,t—l’We,t—l)
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‘xt = (xe,tﬂye,t’ze,mlr//et)T ° I‘}] :‘; 71/5"" A Ji;; E’i’];P( IH‘:E»\ ré' :E—L- 'I‘j ECEF }j" *g:'“ /}‘ “%j" :‘% i:leg
- VN ) 217 b V.
B ol ORI E AT RRITI AT L A BB RV = RV &

v, cosy cosd —sinycosg+cosysinfsing sinysing+cosysinfcosg | v,

v, |=|sinycosf cosycosg+sinysinfdsing —cosysing+siny sindcosg || v,

v, —sin@ cos@sin ¢ cos@cos ¢ v,
(6.5)

ViR - R AR kA B 0 v 5 - & NED ARk Siehw
T od B2 Bl 7 % FHELR £ 7 o L FELT Y
TESAEPE POy = T AR B g A E > O £ KL
&

b oy N A THE o B A ALk B BT R B
o #-F Ner B Lo TG Foenibas g7t

v, ] [cosy —siny 0],

v, |=|siny cosy 0|0 (6.6)
v, | 0 0 1] 0

v, ] [v, cosy

v, |=|v,siny (6.7)
vl L 0

'

* - t+_E EF w—r,% 2w B o @ A dp e g A NED
% <

e e_.n

vi=Rv (68)

HP R L NED AHE 4 %23 ECEF & 4 so2 gt o g ,@g

BT LT A ’V@M'ﬂ? FORER T3 1553 W I

AP IRDER Q) My dhEEEE R R B 45 l.tm‘szgr);r; o
ho ) 6-16 #757 o
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B 6-16 ECEF & % xv¥? NED R4 & sz e B 4

Ri=RR . (6.9)

i V2 : /4
cos! —sin/ 0 cos(—u— 5) 0 sin(—u- 5)
R’ =|sinl cosl O 0 1 0
: V4 T
0 0 1] —sin(—u— E) 0 cos(—u-— 5)

cos/ —sin/ Of—-sing 0 —cosu
=|sin/ cos/ 0 0 1 0
0 0 1| cosu O —sinu

—cos/sinyu —sinl —cosl/cosu

=| —sin/sinu cosl/ —sin/cosu (6.10)

Cos U 0 —sin u
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(6.8)5% T 5

V. —cos/sinyu —sin/ —coslcosy || v,
v, |=|—sinlsing cosl —sinlcosu | v, 6.11)
v, cos u 0 —sin y v,

4 (6.7) 1%

v, (—coslsin u)v, cosy +(—sin/)v, siny
v, |=| (=sin/sin u)v, cosy +(cos/l)v, siny (6.12)
v, cos u(v, cosy)

A e B 2GRl #& T AT

oy =X, Ty, (—coslsin gcosy +—sinlsiny)At

f —
Ves = Verq TV, (—sinlsin gcosy +coslsiny)At
Ze,t

Z,,4 tv,(cos pcosy )At (6.13)
v, =y,
Age B2 REE2F AT 5
'1 0 0 v,[coslsinusiny +(—sinlcosy)]At
ox () |0 1 0 v,/(sin/sinusiny +coslcosy)At
G, =— : (6.14)
ox, | 0 0 1 —V, COS usin At '
0 0 0 1 |

2 A+ }3‘ 4 /}E/B‘»B?m;} ‘39\%%7‘5,3?;15.1 Ki GPS mklﬂ?\gm .
GPS B Jpl 11 (ulh) B ff  Sd % 2 ¥ wd A B FR  147
MR AT R R GHEH Y TF 9T SU0 R KA AR 6-17
TR o
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z

d

’
xv-plane I
7’

N

Prime
Meridian

B 6-17 WGS84 i £ &
PR T MRt WGS84 AR kAo Sl 2 B Rdrd 6-3 7

7]_‘ o
% 6-3 WGS84 %
P S i -
a 6378137m el L E
b 6356752.314m | ¥FF) h L
e 0.08181919 | #FIF) it v &
Ry a LRl
V1-e’sin’(x)

"‘j - E‘IJ ;‘%" (XeYeZe)gi (ﬂ’l,h)L /fﬁ’—;&"; /é":

I RfrgR
[ =arctan2(y,,x,)
2. ffiwRZ2Z R
a. A7 4oiv: 4
h=0

R, =a

p=yx.+y’

(6.15)

(6.16)
(6.17)

(6.18)
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b. ;}'Jqf-ﬁ'lj‘"/éj‘_’i %{; "
Z

sin (y)—( "R+ h (6.19)
1 = arctan((z +e°R,, sin(u))/ p) (6.20)
a
= \/1_62 " (6.21)
__ P
= oS D) (6.22)

F(ulh) AR i se2 @ e deo P oA T Aot T ECEF
Rk % B(XY.Z,) o

x, =(R, +h)cos(u)cos(/) (6.23)
v, =(Ry +h)cos(u)sin(/) (6.24)
z, =[R,(1—e*)+ h]sin(u) (6.25)

d 3% GPS S = 30 &2 S R s L AT g R A 2
(6.23) ~ (6.24) v (6.25)5* # 3 ECEF 18 4 2 o £ RH3) 2%

ye,t GPS—-Noise

2= Lars |TE (6.26)

(6.27)

o O O
oS O = O
o = O O
- O O O

Aoy yGPSfrZGPS %% ECEF & f% % 52¢ GPS #71% 3| chig A
dp il ooy L GPS TP g Ak & oo AW AF R JRA
B AR R AR 6-18 TR o HanR Bz W A+ F§ ik B
B2 AR ARR Ao A 6-4 #7m o d B 6-18 F v B fd € Hm A dpt
ECEF Eif ki seehi= B @R 5w R > a2t HBRALKE5 07 > (&
Google Maps % & -
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GPSH# 47 & A6y B

(B E)MfE A

A A 4 B Bfud A L YN L Y
(#ECEF & 1% % %) (T R AR £ 41)

L YNk Y

(#NED % 4)

P FYCTEY.
KGR (#ECEF % %)

GPSH 4% i Ads 9 i B
(484 ) J A0 fo
W1 297 Sy

(PECEF &A% % 44)

# & AAS 894 B 4 ECEF 4%
At F IS

B 6-18 2t ¥ A+ f & jmit B 2 =i 42
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o 6-4 1 WA F L B AIHH 2 ARILIT AR
1 0 0 v,/[coslsinusiny +(—sinlcosy)]At
L G- 0 I 0 wv,(sinl/sinusiny +cos/cosy)At
o 01 —V, cos usinyAt
0 00 1
X, +v,(=coslsin gcosy +—sinlsiny)At
) = Vo TV, (=sinlsin gcosy +cos/siny)At
. X, =

Z,,. +v,(cos pcosy)At
¥,

3. 3,=G, %, G +R,

[ ._GPs
xe,t

GPS

4 2 _ ye,t
: t GPS
z

et
GPS

v,

5 ye,t GPS—Noise
° t GPS t

8. x =X +K,(z,-2)
9. ¥, =(I-KH)Y,

10.Return x,, X

t
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6.4.3 Google Maps i34 &

-

ERIN A '}:}fm" oo m A SRS T T 2 Google
hhm’ﬁ£4 ﬁ;;imfﬁ%ﬁ649wmo@%ﬁ?rL%F
AR SRl s M A kR
ki é%%’éﬁkﬁiﬁéﬁvﬁvw%m“? AT

RIS FALEE AIS BIET]E A4 T e o Btb R Ay
“€%¥%&%ﬁggma«m4w4@ ELPFT e 6 P R Sk il
RELFAR R SR o HiEH R U # T b
y

;&_v

A g ¥

il

EHARTH @@ seie sl

AR 5ALS

s 2 RN

AIS#) VHF 4% 8

(@) .
A RS232 g J BAAES] ~ B E RS X \\ SN

& AALALS B AR E RS B XK £ AMN

A

Bl 6-19 & A dpigdy ik A

Google = tofirh F:ijd BePRIAE &1 3 5 4 % chjp ¥ 4230
\ Ev'] %= Google Maps ¥ Goog]e Earth - Google Maps #_5 # i A 3 #f
3 ma,—*’ﬁ%‘]rnf TR T ey R EFES?JI*“‘U%?*oGoogle
Earth PIEFEL 3D #5732 w m:}ﬁ:,{ FE AR R 2 AT i\-e =3
%8 - Google Maps # % 32 B]} ¥R E rgn AETIRNE A
FOUE gk s R R & —,’E—! AER R B Google Earth %
EIi R r R PR E RSN SRR .m%ﬁ-ﬂm,ii %iE * Google Maps
T BE D™ il -

Google Maps API (Applications Programming Interface) &_— i &
B 7 4755 22 Google Maps e % 1 E 4N 3E Pﬁ’, X ¥ 1035 3 APl
VB B3 Google MapseiPRix o f it * Google Maps APIerfg s\ B 2
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4\

& Jf £ JGoogle? - £Google Maps APIF & 46 » ¢ iz ke & 442
s sk N U@E*ﬁﬁ:ﬁ * APIeH & 38 74 5 o

6.4.4 & * F®F X3

AR SR Y e T d Dreamweaver :bgﬁ B AR N 2
PHP ¥ JavaScript ¥ % Google Maps APl #7%e = > H 3 F ¢t B4 6- 20
t:)'i_ /— °

(= Google Earth API with AIS navigation - Windows Internet Explorer

G_‘?}‘" (i) it ol erafecomy o (8] [#2][x¢] [ Live sean [2]-
HED WHE WAD BOEEQ IED IO |x &-
O BRE |

‘EGnngleEmhAleﬂ\AISnawgahnn ‘ - L = - BEE- ®3E0- TRQ- @

ASC Position!

B F T Oz LT E A AT Al 0 TR B o
bt LINPIEET R A AR BT AR L A PR AL RS
Boc i@ R Sue &% o pl TR E S AIS BiE D g chgke o f
«flj’!’r “pf_ﬁ»"_g'__} @fll‘gpg_;- z_:ﬁ_g& » Lok é};g_fg'-'ﬁ T f/}i%‘r— = ;gfg B —?E]'l;l: ;;’a
FEATE DR A A PB AT -

BLE % P T @ Waypoint Setting eh3F 2 {8 TF B~ BT AHRL] D
PP o ARl 621 AT o & W TR A SRR s 38 g ] <
g ﬁn',ﬁ»"a;;g_w%s]g/,,\gg ARUNE SOV 1 Lbjﬁalﬁmi}i v oA 2 (4 e

%i;\{r}gpe_él —‘J— /{g:“_‘!:’mtcu z—‘}i ]EI 9 T’ %—}\E.JITL 5‘“ é?‘}i’?f;}‘i—r
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3
-

PR ek sk AR s 58 AIS @32
AR

FR TR T Y I

= Google Earth API with AIS navigation - Windows Internet Explorer

G@ - |E‘ ‘hittp:dfsolarswath erufo.com/Boler_SWA TH_Map_waypoint.php vHEl |E| |Z| 2 oozl
#EE EHRE R BHeEQ ITARD HEM

i ERE |4

| Googl Farth AL with ATS navigation |_| B - -
Divided into: [10 | Angle: [45

WE | BE | meul

Clear - Close

52 Viewer moved to (25.19062064477729 , 121.41342697036798)
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