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ABSTRACT:

Traditionally, multi-beam bathymetric technology is mostly installed on vessels as a vehicle,
but waves, coastal currents, and tides easily impact the motions of a ship, including roll, pitch,
heave, and yaw. This causes the quality of bathymetric data to vary and we need to spend much
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will be larger than 1.44m. These inherent limitations are not good enough to detect underwater
pipelines, micro-topography or underwater object features.

This research’s benefit and application includes:
1. to achieve the accuracy of ultra short baseline positioning research.

2. to finish the positioning accuracy of the multibeam mounted on an underwater vehicle
research.

3. to complete the interface of a underwater positioning system .
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(Outer Beam) % &7 » d 3* 3 & & (Beam Angle)d% % » X B4 4%+ » ¥
BB 1> a2 T 3 EAIMPRE Y BB ) o L RS
ERITLEADMAE S 240k 0 7 F ”%“% R *f kiFEES A
b3 BB o TR AR RELT 53 A BT ERIE M e

AY

223 %3 RRIE & s g (Patch Test)# B

g e AU B pliER > o P'} I & dFik FE B g0

4
B - BT SR AF(Latency)2 = B & B 3 it
(Roll) ~ 4idé & (Pitch)frfi #ic & (Yaw) ¥ o 535+ & TR {F i 8§ B
, A ~

i

E;%ﬁ%gia’uﬁi&ﬁ%ﬁﬁﬁ@i’@??iﬁ 1%
FARFEEM o Bl R SNk A Y e B RgR o R A LR
S rc A ST N A L%*”adﬁax&*ﬂ?#iﬁﬁfﬁ%
Wik Hiw Bk By g ApT s o
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W 6 F ¥ (Patch Test) & & 7 % B
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Fep Ap M E R L o 2R F RE TR MER SR PR (¢ 5E
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%f T EARR o 2. Interaction(F ) 1 mEEH B L P E H iR iﬁ‘ V3
43 BenE i o dole AP R E A ST ﬁmﬁﬁfé*ﬁ’%%“i
AP g -3 o 3. Imagination(8 ) * m#F R A - Bd 8t S
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rﬁﬁ: R *7!‘ P‘f
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\AJ’

Frd WA KT Tk
41 kTR AR R

BN RBAE R E kT R R R LR 2R
sk (total station)... & ke U} nZ X RBAFH KT 2o e L EF
FHavRT 2 KRB 5 - ARIT T =45 427p](Dead Reckoning)
-8 ;3\ Z_i*(Acoustic Positioning) °
4.1.1 #uf7 =4 42 ip|(Dead Reckoning)

S R AR A )?ug‘d - © arELAE %%’E’ o B~ @R
SRR R AR P B o AR T Tt ¢ ARF
B &% I 24k S(Inertial Measurement System; INS){rt * £

i 2+ (Doppler Velocity Log; DVL)

1. (el st

> 1

1§k sid ff 1 £ ~ 2 (Inertial Measurement Unit, IMU)
7 5k B(Navigation System) 7 =% o 1f 4 iR BT Ap 4 B
B Q%ig;;{gﬁ-g_ ERERSY FA R AR LA Fp gt e
FH PR EHIE > VEIFIHREDT SR V- 25 o KA
fkrs ff %ﬂm% stm T LR > Bas B 5 ik
o ¥ PRTRIEM T RBOMBEP AP EAT LR DT E
AEN

-—\ N

RE~2IRd = B2 phochME e Rl > HiF=
Bghe (X,Y, Z)c4eid B0 ¥ B &4t X = he chize & & (Pitch, Roll,



Octans 100 & & » 2

5 (Gyrocompass) st FE B € N F R TR
(¥ $R&H 10)> 7 nrifs*-g%@ NMEA VTG Fil > 7

A E o b B g R e G Ry AL i TR

o
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0,05
0,04 -
0,03 -
0,02 -
0,01 -

Error in degrees

-0,01 ]
-0,02 +
-0,03

Latitude in degrees

Bl 10 RRgFmiaewr oM GF

2. JF’K e iR o

TR R A M- FOR S 2 AT Ak £ Rl AR
Fobpz wil o FER BRI EA G APEE R 0 3R B R
ﬁﬁ&ﬁ%iﬁﬂﬁ$ﬁgﬁ%%§%%—ﬁ’%&?uﬁi%LE
orif 3B s B 20 Y eAp 4 B R R RHEETF AT KT 4D
iAo '“;tigg._é’@g\.—‘ﬁ F N ZT S-al S 1- -V i\‘ B &uiT 4P $F
A §RVNTHLAE IR A EE AT R TR B RELAT
FERE LA FEIH Rt 2 - L R fobue BB 7—?‘5@’ [t
BRRELL g fr?rﬁf’%a% ARG AL B AR YT
PR R E GR o F AL P A R a- B j\/&l)rbﬂ;
fue Rl £ (Headingbias) » 2 £ £ 75 g7 2 X3 RT 2 (R
P BEFR) AL kB TR (Grenon, 2001) o 7 iF 0 Aid
B Arés BRI E IR T (e Esve £ ST B E B e
BELE B EPERN A4 iR BRI ] 0 TR B E F
%ﬁﬂ%i&ﬁ&%“f&ﬁ@ﬂ RRFA Q37 aEi@pygH
rmarowUﬁ FEE SRR AN P U S S S (R SR

Baw B P R N e L FE S TE Gk
rhf AR K" M g R T 2 e

. K

& W
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?.g S @ T o ok T op oA i % (Autonomous

Underwater Vehicle, AUV) -k T iF #1" % (Remotely Operated Vehicle,
ROV) > %?T%El’i\‘—;—‘ E_v R AR ( 5] 11) °

y

B 11 ROV KTz iz k- "]‘;K S B RaR 3t

AUV %2 ROV vk ™ =3 2 L RBHE LT HFRE R 27
RO E AL ES R > T RE AR R - TR B
B Bk TREESRT 2F K RORT AR KL AR

N 2 ’L(Doppler Velocny Log; DVL)fRrZ A d §* Lo ™ £ -

Tl R BRI A RIEREZ)E A HERNT G = F
(X,Y): ¥ - =& ADCP » Z & f§ % «hZ% fi & /& F 31 (Pitch, Roll, Yaw)
VIig T (Z2) R IR RS ADCP 3k BE(Z1) > JE 8 R gz
AFMRXY,Z)0 d 3 E T 5 =% (X,Y)E2 ADCP B 4559 % & (75 4
4R BE(0,0) > EH T E R hF R E SARH R o

F
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ﬂ“? PR R R TR 7 DVL R e
PSS ART S A RIERAN - GG LRATF AP A
éim$%ﬁi’WKDWJKT{&mF—ﬁigﬁgﬁo

DVL % i=enip2 8- 5@ IMU [ € - ¥ - 2 6 DVL e B B
BORIE T ookthet kT PE R A(Z2)H o2 U il R (9
1500 m/s) > # &+ B G HRE E 5 3 5l (5 i Hz) B i
SRS S Y T SRR S FRENT-E FRE eyt
%ﬁ)aﬁgﬁﬁﬁ%iﬁ%ﬂ%’%ﬁﬁ@@ﬁf*iﬁ*ﬁm
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412 R HEZF N i~ (Baseline Acoustic Positioning)

EAMEFNTEZY A REFBLETE LS DE R A
R ARABEN LR ZTRE G2 PRI BiFEE L PRIE
KR o AoBB] 13 #7o1 o

Y
A P1(X1,Y1,Z1)
\
\
\
X \D1
\
~ \
\\ \
\ -
7 S 37 TPY.2)
D3 __--"1}
i E - ll S be
~
\\
A
P3(X3,Y3,23) \A P2(X2,Y2,22)

B 13 kT2 =RhETRE
AR AL T R T B S T A
1. & % %% z_i~(Long Baseline Acoustic System ; LBL)

4oBl 14 #77  ARFERT £ EH D2 > e BHE LT (AKka )
TR REECLP2PHM AL izl ays kb oo fI* L g E

g T f 08 P ghenin ¥ o
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2.

B 14 & AREF L= (LBL)7w L W
& AL A B z_i(Short Baseline Acoustic System ; SBL)
Yo 15 ATm o o BE LAy & RN MRS Y S

WAREEEFLLERR G FREAL LY
2%} aa’;ﬁi‘i\ B &% jx (heave, roll, pitch, yaw) 7= & @JI

W 15 e s FF L= (SBL)T & H
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3. A e BH 7 = (Ultra Short Baseline Acoustic System ; USBL)

4o@) 16 77 0 ARFEHPILY T W Feo A T B 2L o FIAMGE
YPiFE > ¢ LA ERFL m/FJﬂF? ﬁ«wiﬂ‘}é#ﬁé’*#ﬁli%}lm
%J—-Ef R IT o

i

Bl 16 KERAREF 2+ (SSBL)T & F

BB} > RASEEEARE (P1,P2,P3 2 fF chpE3p) B T > M B AXB > ¥f
R RS T U RS S S e L
o 2 i RAMITIE AANHE v e s MEE - BEEBE B
LT FREFAANTERT - s 3 LEARPT
b Bag > VAL EX KPR EFORE Fp AT E
BAREAMRFATLRT PR DTS F 8- HFHE TR -

AR L2 AP
(transponder/responder) % 47 #] % (computer or topside unit) - H # jo g B
g 7 = B b rgdce 2 A R (baseline) s #k % 5 (transducer array)
W ¥ H 234 & (hull-mounted) 2 4 & =+ #z(side-mounted) > @ J& ¥
RIE B 3003 5 1+~ 35 g (towfish) 2 -k ™ §4 2% (40 ROV ~ AUV) » «lf;’“ ]
B A1 qog BAr g R F Bl 2 iR (range) ¥ * = & (bearing) k& &

N

7 ¢ % B (transceiver) ~ J& F B
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P2 o o B ¢ B - BF %k (acoustic pulse) 0 F AT 2 &
TOWRITIRAAS g O R T oo e B2 R
Bl o d FHIBIRTEEOFERT NIEE & B e
3 L 7 e4p = £ (phase-differencing) B 7 12 3+ &
S
‘?F'

42 REAMITE N2 HERLIRE FE

AF F 84533 pitch ~ roll ~ heading = B & B e B i L H30 R
B P L 0 A R LR AL S R ) T d
WA RD AR B E o
421 HER{HI2 T

B 17 & 74 L2 MF2Z B 2O RE B9 BaAaNE 4
BN R o ST AN ONE S AP e 2 BAE AR B
OcX6Y6Zs v OaXYoZy 3R A~ 2 H 2t % 3> 7 i O, X, Y. Z, s Bk
P RERE BT ke oA OX Y Zs b E AR E AL A X
oo B 17°¢ 0 Slicd REARE ﬁ—%i’ﬁ;:f%ﬁmf‘»‘%‘zﬁwi&&%ﬁ P O A 4y
S0 m AR, L)A 7 BB O, ¥ REB O, chink o 57 70 $E
AR RE BT CORE AP T AT - BN Bkt 4
OXYZie ¥ > o~ P~ ys B & 4% heading ~ pitch ~ roll en¥f & g £
R P ARG s Sl AP E N T SRR g R

cosd -—-sinf 0 -—-d
sind cos@ 0 -L
T.,(d,L,0)=
0 0 1 0
0 0 0

cosa sino
Tu@= 0

0
—sin@ cosa 0
1
0 0 0

— o O O
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1 0 0 0
T.(B)= 0 cosff sinf O
? 0 —sinf8 cosf8 0
O e (3)
cosy 0 —siny 0
T(n= Lo
siny 0 cosy O
0 O 0 1

Hoe o Ty Aond BiR ki j HiED AR i SEEeL @
Tu(a) ~ T(B) ~ T(y)A ® % 7 i & heading - pitch ~ roll $+ 3 i £ = i
a}%%n‘aﬁ_ °

A REE E E OcXcYeZe AR i ST e

i
9
|l
i
j—U
;_]

P _|:PTX’ I:)Ty’ PTZ’ ]

Pr# 1] % B8 MiE§ plg GPS it i ﬁ%ﬁ%%ﬂi@Mmml
Wang, 2007) = F#* 0 e 8 B & O X, Yo Z, etk o7 enf= g v £7 11 £

7H e

el o ©)
FRF HEHERL OXYZ A OXYZ & ig Bt E & o T
ﬁ_‘}}l’ﬁ HERBLOFRT > g REFAREIEE » & & OXYZ
AR ATV AT L
T,
Transponder
Yo
P, 0.
0G Xa 2

B 17 Akl ek
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o
X
(a) &P E & (b) Heading %1 i
(c) Pitch %+ % £ (d) Roll ¥f3# i £
Bl 18 4 REE R L T &
—d
P =P, =T,(d,L,O)P, =| _
D e (7)

¥ 7 B heading $E W Lop o feHF FERIREFEE LD
OX Y Z it ) 527 %=

—dcosa—Lsina
dsina—Lcosa

P’ =T (x)T,(d,L,0)P, 1 (8)



g;%mwum@g%ﬁﬁiwﬁw’%?
Fhroll HEB Ay > JeF BEFTREF B-E

i’«u—r&\‘;’:‘]z‘ 'T’&\Z"—T .

t pitch ¥+ 3 i Z ffr
v g & OX( Y Z Bt

—d
ph _ —Lcos f+P,,sin B
' Lsin f+ P, cos
OO OY )
—dcosy—P;, siny
-L
P/ =| .
—dsiny+ P, cosy
1

#-79(8)~(10) 4 ) 22 35 (7)vt i » 7 14 TR heading ¥ % i £ 30 K
ERBayER EpL /}»’ﬁ PEoA pitch HERBLAH T REBNX AEE
Bl BE I roll HERBAPFERBEFOY REE R B
gLk s ANy IR T IR

Lo owit g HEHLE o E B foR B ey Lo 2

2. dA@®)EEREN s Xfe YA BT o B E B A XY T § T
lfLﬁTLﬁ7t}%
Y, = X, cotar+
SO oo (11)
# F/n;\;';’b wd i #&m% AL 7@% Xt YT o e E_ i

3, O EE R RN Y, e Z A RT e B EERA Y Z TG
C R

Z,=-Y, tan S+

COS BB et (12)
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‘—N(12)“’Jr ,ﬁ%

&
4, Roll HEH L T 7 € k% ; \
2 Xy e Zi & ’f-r-m% PIEA o ’1‘3%5\2(10)? Fo oo roll ¥k A

d 2T A A ]

X,=—0cosy—PR,siny (13)

Z, =—dsiny+P,cosy (14)

422 REFEE

ﬁ%iﬁ@?“i&ﬁwﬁ%ﬁ’ﬂW% B - RREAMRT
G2 BRI BHERLIREARR c HER S OO e F T
B Xe- Y T o hT A F 3 & X ] heading ¥ iR
8 #700 heading ¥ 8 £ oF 7 g K X - Y T G e E_ i
ﬁﬁﬁﬁvii: FEOR A REBEX-Y, TR E’ﬂifiﬁw”%if?‘ ® My
v FY(11)¥ 11 iz & heading % % £ o

2. BARRBEBHOTLIEPP S 2281 7 heading H# ik L P E
‘?mm%«m%ﬁ%zé%§@§$iiﬁw°iﬁmmﬁ”w
HERIFRT I pitchHERLEXLTREFT LY Z T o T
P A S e F s £ R E B A Y Z T
v N(12)F M i B pitch % X B 5

..................................................................................

w
J
\ [a~]
@’W
LA
R
\a;
=
b
o
Q
g
o)
it
+
S
g¢
3
&
=
*
[N
-
=5
it
+

4-13



f@
—A-\
:e
L
~
[S—
W
\./
/-\
[—
S
~
1N
ot
T
>—L
o

Bl 19 3 1 i ool oy £ KD 5w 5 % 0 0 i B JE U R R
¥ B

EEFL BT PO EINREEL RS FERRR -

BEAEE R GPS T T RS B8 %?iﬁﬁﬁz?'ll;’i’ GPS z_i* 3

i & 2R ¥ Baniz % (Chen and Wang, 2007) © » BeiT - GE E AR
N

g
AT AL T B R R %mvki&w_d’ * LR R B

BT kduz R E A4 gL 4 heading - pitch ~ roll fAs 4
FRlEs 2o V=B O=y =00 bE o FE Y L ImE
o~ B yensf £ (A, AR, AY) > @ 5 3 o B B RS SR AT

k
0(() (l)+Aa

AR =B VAR, k=1,2,3,-
y O =y D L Ay

He kA7 f=tfice BRER §FFDo~Pryyfeacs b o gt
FXEARE Mo PR EYyE2Z S R EJI G E NHERLE KB

BEETE > H 7N e

'

=

P, =T ()T, (=BT (P (18)

£ % B OXYZ Bl i aT hirl e HIER
S ra-’:%‘

o

bt 2 Jf'iJ_ B A BT R Dk IR N SRR A
FEEE T RF D kehs R A4 RBESTET o 4L BT
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Calculate the position of the seabed transponder (Pry, Pry,
Pr,) based on acoustic ranges and GPS observations

v

Given a set of raw positioning data, Py, collected
by sailing the ship along a straight-line path

v

Calculate the horizontal distance, d, from the
seabed transponder to the straight-line path

v

a”=0,8%=0,7"=0,k=0

v

k=k+1

v

Correct the raw positioning data based on the
updated estimates of &V, AV, and <V

v

Compute the slope m,y, of the corrected
transponder trajectory on the X-Y; plane

v

Calculate the increment in Elleading alignment L M= 6D 4 Ay
error: Aa = cot™ (M)

4

Correct the raw positioning data based on the
updated estimates of &, A%V, and y*V

v

Compute the slope my, of the corrected
transponder trajectory on the Y;-Z; plane

v

Calculate the i t in pitch ali t : .
alculate the increment in pitch alignment error:| A9= f< 1 A

Af=—tan"'(my)
v

Correct the raw positioning data based on the
updated estimates of ¥, A, and f*

v

Calculate mean values of X; and Z; components
of the corrected raw positioning data

v

Calculate the increment in roll alignment error,

A

Ay, by solving either one of the following two
equations: Lol =k DAy

X;=—d cosAy - Pr;sinAy
Zi=—-dsinAy + Pr,cosAy

a, f, and yare all converged?

=

B 19 RELART 2 HERLIFE e
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o LR AL S T LG 1 U AU AT R F L o)
20 #75F o H ¥ o AN A F ey (TR 0 A R AU &4y 7 U it
B e O Bt E M b e B B R TR
W IER B RMFLFRE T oo o] 20 From 0 £ T Bendg
m TR 5 O(Xg Yo) @ U iT I E Mendue 500 A(Xo, Vo) & 3T
MEMFPIER - B @ B(Xe Vo) & iTIE AL Xt dhen B oo d AN TF
ez % fd O /AL BE #rue FL LN Btk 4 B
2 ,

Yo =Y
r.=
© 0
OO (19)
A P EBA =0 AP T TR RSN
tanH—
...................................... (20)
BA-1; —(X X)(X =X )+ (Yo =¥ )(¥e = ¥c) =0
FlE 33N (20)efE 4T fR AT
_Xe tan@+y, tan’ @ —Xx, tan @+ Y,
1+tan’ @
Xo =% =(¥o = ¥,)tan e Q1)

BN QDF ~ N9 T L e fErge o 3 16t OgXgYoZo Bt 5 BT
irgel  RULEEFAAMTRE FZOEE L 0 LR 1
I OXYZ Al i kL

cos@ —sinf@ 0 O] Xz —X,
_|sin@ cos@ 0 0| ys—Y,
oo 0 1 0| o
0 s (22)
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BRNQDAE A2 TF L RE R e B AT

(XG _XC)COSQ—(yG - yc)Sina

0

r,.= 0

1
e (23)

Yol 20 i 0 - R B BY OB BE PRt s

REEREF g R H AT
4
P/=r +P,

Py +(Xg —X.)cos@— (Y5 — Y, )sinb@
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