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ABSTRACT:
The theme of the third year of this four-year project is regarding the mode of GPS positioning and
underwater positioning. This research includes: collecting various sensors data using towed platform for
multibeam echo sounding system (MBES), developing data processing technology for towed MBES,
exploring the multiresolution technology for MBES. There are four conclusions from the findings of this
year:
1. Use the ZDA formats with 1PPS signal as time reference can effectively improve the accuracy of
timing and synchronize for all of the sensors.
2. The results of this research show when underwater platform without power locates above 5 meters
from the sea bed and platform speed is around 0.5 knots, tires with 15cm in depth above seabed can be
easily identified.
3. Platform without power may cause irregular survey speed because of the inconstant current speed.
Therefore, linear interpolation from underwater positioning system may cause positioning error due to
inconstant moving speed. Patch test can not be done without overlapping of the survey lines. In
order to integrate the MBES results from surface vessel and underwater platform together, coordinate
transformation between above two MBES results may be considered.
4. In this year, the positioning of the underwater platform is based on the integration of LBL system and
Doppler velocity log, which has the positioning accuracy of about 3 m.

This research benefit and application include:
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

3. To complete the interface of underwater positioning system .
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Vi~Vo V3 ~Vyom DVL 4435 2z @d @ B 2T A&

7

T % Vg = [Vox Vays Var]' 0 B Vg B % He s %»é\%—s g
T A

vVi=ei-vg I1=1~4
Ao ESN(18)Y TR B2 n@s'x;{fiihv PR vgo R

ﬁﬁ»ﬁ/]vﬁ‘; " lﬁ‘%—_m' T EF B o l@;f,; l-""’-”‘r;"‘
Vg # g" Ro FIprT LB EREE TSR j\ﬁ?"—% DVL i&

Vg o #-3C(I8) 1 AB ML A) 54 & 77 4o T
sin @ 0 cosd y v,
0 sind cos@| * v, or E
Vv = V, =V
—sind 0 cos@ || ¥ v, d
Vv
0 —sinf cos@ |- * Vv

N
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% SUEECL T 2T R H A DVL e hd B AR § ST iniE
B VS

R R BB RT3+ 8 0 DVL A g
FEBREREFERIVET L A

(Heading) ~ %¢4% & (Pitch) ~ 3% & (Roll) &> B 5 w~ 0~ ¢ Rl d %%

Jefl 4 50 Sy HEIE D E SR L ALarE e T A AT

1 0 0 |[cos@ O —sin@| cosy siny O
R, =|0 cosg sing| 0 1 0 ||-siny cosy O (21)
0 —sing cos@||/sind O cosé 0 0 1

“710 DVL e g 4 5 ST cnfp i@ dosg B v, & il TN E
Ei

v.=R, v, (22)
Revi R A LB I DVL Ok T 25 ) afsgih i
TR R A

X, (t)=x, (to)+j v,(7)dr (23)

@)+ & aa

+ & JRA > 1960 # 4% 41 (Kalman, 1960) » & - f&4] % & L2k
WARA K A R BRMGR T LT E > U ELE A kiR
RIFTHEEE > d 2 s & SR LS % 3 2 A E 0 gl o
MR R AR R ARG Rk et SR
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A

BB E KT RE Y o AT TEEY R R ke 7k
SR R BRI 0 B R SR R T A T G BT PR AU kAR
X = O X + I W, (24)
He v x R &2 AyWFRTOkEw® o o G RAEAREL W 5
ﬁﬁ%ﬂ’rﬁwéﬁEW%érHE b TR R e X
ZATE RIS R BT Fr A B R AT
Z =H.X +V, (25)

BHY > 7, R 4R T OB RFT R H AEBIAEL > v, 5 2R

ﬁwi%w%’ﬁ#%ﬂ%ﬁiﬁ%T

7

o Q. =k
ﬁm?}{g o, (26)
R, i=k
E [VkviT }k - {O,k i =k 7
E[v‘vkviT }k =0, forallkandi (28)

btk SR AR R B T IR T Rl 2 AR ki

K, =P H [HPH +R ] (29)
R =% +K [Z,-H& ] (30)
R =[1-KH,]P (31)
%) = %, (32)
P, =®PO +T QI (33)
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Ho o g NA R BX DBEE S R EP A NETEREY A
(AT ek e B EEFL X RA G 3 E - FRwmt § gl i

Prediction Measurement

Y

Update Filter Covariance
Project State Estimate Forward At R =[1-KH,]R

K = DX, T
Update State Estimate
v R =% +K, [z -H&]

Project Filter Covariance T

P, =®, Pk(DI + erkrI Compute Kalman Gain, Kk,l
K, =R H/[HPH +R,]
N A

Are new measurements
available ?

m23 -+ 4 //,fyﬁ-lﬁ;= 3‘]'

® %
;%:ﬁ lﬁq*ﬁ?ROVEGAUV§4UT§E"’ﬁ
S P ST = I
W H L 2R R
AN

FEE RS ES TIE IS & S SN SV I $75 1
NI B o , s , > > 2 c o2 \
JHERBERRAELARTREL R AP R - B S F

BX

W5 E RRIE B RER T Rk 2 et Ap bR R B A et
;J’ﬁww-ﬁﬁﬁ%ﬁwﬁgﬁwiwaﬁb?97%%%%uww
a,%ugﬁ@ CIEEN P R L SRR EAR - 8- P
Er (footprint) = | ©

PERBIFR AR REREM > FTER L2 FREF A



Boehgid o 2 E 2 B - ud &3 5§ % (motion sensor) k 3&
EripRenidde > N A FOTAB I AT - AT F FTR Y 2 RE
» IXSEA = 7 ié_mOCTANs 100 » £ % IMO % i 8 sdy &

Tl Bz Yo N F3BRAM A3 B A B T LR
ﬂﬁﬁrn-@ﬁdli EHERUE LA 2h o TP EFEFARE
Pl Rk B<‘3(True Heave)’ LI REIRT > 3 TR BT o g

Az R (heave) 7 kb 5 A4S TR ER LR NTH

EHRE>® ;:r_Roll and pitch accuracy (1 #/%¢4% 2. # &): 0.01°> &
Heading- accuracy (4545 = #F & ): 0.02° ; % Heave accuracy (4= R & ):
5cemor 0.5%2 K iF§ R LEPF F) °

74 %iﬁ'li%fiﬁﬂqﬁﬁﬁﬁ%%ﬁ%%ﬁ?%ﬁ » KRR T R 2
FIHA R e L AR B LEACRAR RS -
HookP B VARG 1500 m/sec o fRm RGEE H A 1°C 0 Bad K3 4
4.5 m/sec ; B R F 3 e 1% HiE 34 1.3 m/sec s B4 = H 4 100
m> ¥ WA 1.7 misece - A F o B RABREMT Lo %22337}4
PR A RTELIER B EER P Ao 24 T o FIME
EREFABRER S FEHERBZER BRI FRIFE -

Borh s G 2P BRE R RFER R 4§ BETIERK
%’WPE@T%P2$LW§.’ﬁéﬁéﬁaﬁwfi@ﬁtm
BE o PE R EFERPETRE A FER B TR A
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Sound velocity (at surface)

—+ 0 ppt
= 5 ppt
10 ppt
15 ppt
- 20 ppt
- 25 ppt
—— 30 ppt
—- 35 ppt

Velocity (m/sec)

0 S) 10 15 20 25 30 35

Temperature (degrees C)

W24 g2 82 M 4H

Pt 3 AR R AR R EL R TR ES 5 K1 (PDS2000)
P RS REEfT kA o B RRIESF N2 R 5 (He) B
o T FIEOERF A 2F  GPS 2 1PPS(One Pulse Per
Second) (¥ 5 & g B BPEFF - chikdy o

N

& £ = FHLOT T GPS) T pE il %
ARAEA TORNCE I S SULEEE S € E U SUp S §L i E

A T A R RE R S AT NS AR
L
s

-
i

T
(

Z

‘7—.

% ;} fon

22 kT 53 RBIRT R ASLETZ F

kTP R ARRFEEFT RO IL > ¢ 70 LR LE R

()T & %=

SR AMRRE 2 KRS B RIL S R EATHRE R TP E S g o
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MRS TR R# >~ 2 BRR15 Lo o8 Bk B4,
: B stV L E R IER(CTD) X £ B
ﬁa,g@@@%Qf@ﬁ%%*”ﬁ’ﬁ
& oo AT A 2w R(SVP) KB £ ok

AERMOKRT S RRIFSEE LS LS F RRIFES -
oA R §m¢giﬂﬁﬁﬁiﬁ 7

RBLFE S| BRI RS R H T
BIE & B B 215 B R @ H T
317 B hRliR S % o ﬁaﬁfiﬁ
R RBLE R s AdE > d RS BlE ARSI B adn
R Te LEHRD RE BRITRZRKFERSSE -

l

moEEHERL Ake 34
BT R o GRS T
FEIRLE G SR b2 Bl o kT
E

24 @ REBZRM AN BFEZRY

hERPHOTR Y L RER AL 21 4T
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£21 53 ARIRAARELE L

G| e | AR #A v

GPS i | TOPCON | NET-G3 | #* # # & 3mm +0.5ppm -

L & RTK # A -k 100mm+Ippm > &%

15mm+Ippm -

¥ $:4z GPS, Glonass 2 Galileo % =
ik o

GPS i# | TOPCON Hyper oL, EE KT B R
AR Lite+ 3mm+0.5ppm 2 # B # B
i® S5mm+0.5ppm °

RTK # & kT #H & 10mm+Ippm
3 -3 & 15mmt+lppm

¥ # 1< GPS 2 GLONASS % = f6 i

% o

GPS i# | TOPCON GB1000 | # f , P # & © 'k T ¥ B
P S\l 3mm+0.5ppm % £ B HF R
% Smm+0.5ppm °

RTK # A& kT4 & 10mm+Ippm
2 4% # AR 15mm+1ppm °

¥ 44 GPS 2 GLONASS % - # ii r
:EL . ﬁa-lnun

p %9 | Sea-Bird SBE39 BRMRR S $0.0027C -

=% 245 & Bl 5 0.0001°C -
B4 g5 B GokiF 20m vz e L ]
w
R 24
1347 B 0.04 2 A o
54 & | Reson 8125 #E % % 455KHz »
Bl &

% & #kcp ! 240Beams °
FARAE 0SSR -
BIEE R D120 B
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LA | kM| AR #i
% & # | Applied SVPlus H T RRITAE ¢ - A0k 0.00005,
@ MicroSyste % kA 0.00007, i%-k 0.00001 e

ms
B R 247 A 1 0.0001 o
B4 fRiT A 1 0.002%8 Bl F -
8 ;% | Seabird SBEI19 H7REH A ¢ - 4%k 0.00005,
% % kA& 0.00007, ;%-k 0.00001 -
B R 247 & 1 0.0001 -
B4R AR 0.002%E Bl F o
4 &% | OCTANS 100 # fi 4 & : Roll&Pitch % +0.01° -
FPRESS Heave % +5 24 8% 0.5%2 "KiF -
% Gpdge Rl R 9 54002 B o
APITEMTRIFEL S A4
F x -k 100m o
A Link-Quest | NavQuest | #f % : 600 kHz
swag 2t | Inc 600P o
Micro #H B :0.2%+ Imm/s
DVL
DVL B4 FAE: 110m

B iFA:03m
= iE A £ 20 knots
»oRE* FAE 800 m

B EE S SHz
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cqt | R | AR R
£ # 4 | Link-Quest | LBL 3R 52100
% = % | Inc PinPoint 5 A 1500
7 ok B .

1500 k&4 FR:1500m
BB 1200 m
¥ % A 5 26.77 to 44.62 kHz
#HE:0.15t00.5m

F R - | Valeport minilPS | # & :<0.01% Full scale

247 B :<0.001% Full scale

»RE S FA 1000 m
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> % ﬁ—ﬁ L Eﬁ‘#ﬁl i%‘}i?{fi};,ﬂ -

Fli#- b 01 TR QL[ 2401 FE2 v £@KE > PR X

WiT -
@)F F2 TFRAPB, G LEURL EPORE . A T RAPR, LAY
RN < e R
3.2 1 iFiERWM
% 32 1iF R EP
1 {E3% p R FHRER | F T
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KD F AR SR R R
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A LS RS |
KT 5 F RBIFET A R
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Ve ]
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53 ABlESDS EEEAT
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(R S
ER AL 100% 100%

433 HAASEZ AR L
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» -3 VN 5

Sr ¥ LRPEBEFFRHZEHF:
PR ORBIRE RS2 &R PR TR j:", % (output rate)3s =¥ &
PERER O Mo S RFHENF HIpE T E 15550 o0 A )
LR RLF =7 50 100-200 £ FR 0 GPS iz ksl ¥ F )
T d 110 EFR o P RBRIFE - B T E TR

““‘-%

95 150MB» A # B3 & P f #oRT Tk Sah R
SERBIEREFITEL > THELE NG FTUPEFEF L AR
SERBIER B HAEZER AR BEARH € BB LRRE
ZHRER o FI AR S RAHET A BT X R IF - F o F
Tt GPS 20 1PPS ¥ 2 M 4e pr R R e 54 > kg 3 @ o koh
WA o

41 whpFrRF 2 UTC BF R

uigbﬂE%F’& L o Bwra’**/azﬁﬁm*"mc&rqs ‘\n—\ﬁ‘g—
7ok d g kg LBi“' 7 ﬂ’—é@ (tag) LES i m%s-
#i %8 chpF FF 22 GPS T" Z TC(Coordlnated Universal Tlme)El%“—F'a* fe 7‘5 ’

B gas s 3 ARIFEE 5 EE e R THE L UTC PR 4of]
4247 > UTCH S ¥ B #PFEA X ipL 8| /& -
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Surface Plaiform OF3 1 PPR

Computer |-

4Local Timg
Underwater Platform
b semsas |
E Depth Gyto E
! Sensor Compass :
e i

B4l FRE > TRl sl a(d » pr)

Surface Platform OPs 1 PPS

Computer |

UTC Time4
Underwater Platform
T s
i Depth Gyro E
H Sensor Compass E
e i

Bl 42 FAle~ §rapF i ednnfe(UTC B /)

UTC -~ TI%—ELL Coordinated Universal Time (3 & A )2 f1* T &
FRFEY ) k¥ P o pra(Atomic Clock, + 444 5 k= 4)
LA RN kD R R R ZEY hE o 12 1999 E A
EF R34 NISTF-1 206 vrA 4 AL iFa + &
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TR P 4 PR Hd 248 G 0 BIOS #rik m’BIOSP’\%?'g
S - BRIBLESE L EIRER e R B LY 2 E S
B (crystal) 22V ;

FRIGH I HEH P IRG e m&v%m)‘af
PR TR I RS P g G L B
,r;_, :;1,1 - #bgﬂa B e LR (TERAET S thaig
4) Fltd BIOS #fauy d enpe 5 2 4L X -

d 3 sk B T 2h e @ (P w b d S AR R ARR) o UTC e
PR PR F E R g R R A R 2 RE RS (TAD R o
K% &k =+ P (International Atomic Time) H.d = -+ % B B 354 L% 9
ZEhI4e o d EREFH (BIPM) L3981 » &
@x?lﬂ”bwﬂ?1972ﬁ4c%BIPMG\EJ_'\gﬁ)’fsf LRy ko
I RRANE > gt &6 30 p & 120 315&.9—4\ 5 4o
B P - fiss o d 1958 E RGP REHHFI 6 BB KT
B TBHORLERFETERTVCRERF FE-F 0 F
A AR~ X FR & R 23:50:60 hEER > T - £ 4 AL P i
00:00:00( # 125 59 #5214 € Betg p e 00 $7) » F-imeh £ crps 7 4o ]
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6H30H 12931H e 6H30H 12H31H
23:59:60 23:59:60 23:59:60 23:59:60
19728 1§ +1§ (| 19878 +1§h
19734 +1F || 19809 +1Fb
19744F +18: || 19908 +1§
19754 +1Fs || 19928 +1F
19764 +H1§ (| 19938F  +1§
19775 +1F (| 1994 +1F
19785 1§ |[ 19955 +1Eb
19794 +HF (| 19978 +1F
1981  +1fb 19984 +1§
19824F  +1§b 20054 +1Fb
1983F +1§ 20084 +1E

W43 BEAELED

GPS "TH Iz R ¥ o B E Fh b b
GPS p¥>+ 1980 & &2 UTC P¥/F % » 2 {5 i £33 & » F]p¢ p # GPS p&
et UTC PR - 15 45 -

42 FTHPEF B 3

np R AKIFRIE R 2 }i,/?lg?mﬂiﬂm«r' T 7 AR o B 4.4
= ARUEFT A - GPS TR & F U i B2 A= R (Heave) TAL  FAL
P - R up FHE AEpH 190010 1p 0pFO0A
0 F) d REFHRTLFNERPI BB REFIEL 240k 0 &
MFR L EREFF - 2 YA o P AT A RETAL A o
TR R AR T ARTREERF > AN L R R

BT R R TR LA

SRR B LR O BEEEZRS o P& L L LR



(Roll) ~ % # ¥ 4L (Pitch) chre a ik 2 B T 7 b e P 22 (=% » B &
Foa oA o TR LB R d BE I AR
FoL chpE e 9 258 -

C;
i
N

A L ehid

R

40666.37687958,-0.03, 0.00, 0.00, 40666.37687941 6.42,DLO00O0G. 42
40666.3768680134-0.03, 0.00, 0.00, 40666.37685013 6.4z ,DLOD0O0G. 42
40666.37688067,-0.03, 0.00, 0.00, 40666.37638067 .42, DA0OOOG. 42
40666.376851224-0.03, 0.00, 0.00, 40666.37655176 6.42,DLO00O0E. 42
40666.376881944-0.03, 0.00, 0.00, 40666. 37658302 .42, DLO00O0E. 42
40666.37686246,-0.03, 0.00, 0.00, 40666.37688356 .43, DA000OE. 43
40666.376868302,4-0.03, 0.00, 0.00, 40666, 37688411 .42, DA0000E. 42
40666.376883564-0.03, 0.00, 0.00, 40666.37688537 6.42,DLO00O0E. 42
40666.376884294-0.03, 0.00, 0.00, 40666.37685501 6.42z,DLO0O0G. 42
40666.376868464,-0.03, 0.00, 0.00, Z0666.37688719 .42, DA0OOOG. 42
40666.376885374-0.03, 0.00, 0.00, A0666.37688773 .42, DA0000G. 42
40666.37688537(-0.03, 0.00, 0.00, 40666.37658826 6.42,DLO00O0E. 42
40666.376885914-0.03, 0.00, 0.00, 40666. 37655954 6.4z, DLODO0G. 42
40666.37688664,-0.03, 0.00, 0.00, 40666.37659003 .43, DA000OE. 43
40666.376887184-0.03, 0.00, 0.00, 40666.37689116 .42, DLO000G. 42
40666.37688773/-0.04, 0.00, 0.00,

Heave % #} BExEH

405665.37689199| 1500, SV
40566.37668067, 2749040, 780, 242290.329,7.264, "", 0, §GPGGA,
§GPUTG,09.4,T,,,000.14,H,000.26, K, D*70
§GPZDA,010243.02,03,05,2011,00,00%54

A0666.37669225) 2749040.774,242290.354,7.263, ", 0, §GPGGA,
§GPVTG,55.4,T,,,000.13,H,000.35, K, D*73
§GPZDA,010244.02,03,05,2011,00,00%63

40566.37690346) 2749040.737,242290.297,7.308, "", 0, §GPGGA,
§GEVTG, 103.5,T,,,000.12,N,000.22, K, D*4D]

405665.37601503) 2749040.800,242290.246,7.356, "7, 0, §GPGGA,
GPVTG,153.7,T,,,000.06,H,000.10,K, D#42

40666.37692 637, 2749040.803,242290.226,7.392, "", 0, §GPGGA,
§GPVTG,70.9,T,,,000.05,H,000.09, K, D*77
GPZDE,010247.02,03,05,2011,00,00%60
2749040.830,242290.214,7.382,"",0, §GPGGA,
§GPVTG, 76.6,T,,,000.07,H,000.13, K, D*77
GPZDE,010248.02,03,05,2011,00,00%6F
2749040.850,242290.222,7.363, "", 0, §GPGGA,

GPSH#

|

o

421 53 ABIRASKLZEBERES
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2F B RERPE > KX KRS 18 o TR 0 FUE P T
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AR B2 55 RBLECSLEE L GPS R IT S Tk Hrehi
B2 GPS Ty GF S 0 Y GGA 5% G LT s
s UTCER »efgs? penfil, - g3 pdgpg 74
FHRA ZDA H58% 0 UTC B/ lmL ¢ &0 PR B8
AET g B2 g

ZDA i N e
$GPZDA hhmmss.ss,dd,mm,yyyy,xx,yy*CC
$GPZDA,201530.00,04,07,2002,00,00*60
H ¢ hhmmss 5 B4 #;(UTC)
dd,mmyyy % p,* ,#
XX & § # F -13..13
yy &% # 4 0.59
*CC & ¥k F

SR ARNFERBIBR B BB > AR P T R TR
(PDS2000)p# FF ¢2 GPS P Ie 4 » f #-F & 43 jc2 #cdpsc + GPS
o e AR B oo

422 KT s 2 BFRERFH

Wiy - 23 FFR7 85 P EARTEFL 01 & LR
mEAA R RE BTN Er R R LS EREERR AT 2
I d H R A ok E R E I 4% $ i R % (Doppler
Velocity Log; DVL)k 2 Rk T o i@ did & - SEFEERE L AR
AIERPITH R G jcd Binh o e K ASTREL - B A
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MERE BRI RL &% R DVL &2 LBL 28 Bex ,ﬁ& °
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FTRACKT 2% B2 B RIFAR > TREARPITHEETE IL o d 3

5 %‘JE']‘/‘;?’E\‘}"' T_ Ry P P‘f FHARTREFRIER T LT
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-

FUEERIRBERE GRS AFRERETEINER > 4L X
BB B IpLE 2 2fh A - PP ER G - BRI B

(linear accelerometer) 2 — i 4 & % i*
MhgBZ3-PRF - B33

f BB (angular rate sensor) o 4t
Wi o H o B s

R e G R PP E AL A LR (deflection
angle) o @ FlhrE BB HA LR BT 2ERPE > ¥ pp P L
(flexure) #& 5 %33 > 22 e ZERIBA LR PN TREPEY F
AR o2 Tonse B o0 R Ao AR~ © B (scaling) £ A5 L
(offset) fdZv * kil Ay S X HEARZ P TARLSE > B 49 24 8
EhpEer g 4 2 = ghi Beamangle i #rid 2 e BT B 2P 0

AR R RS RARPE R W R T AR &
Gendied ¢ BECRFSRIE - ¥ 4 B B b RATeENZ i F
GRS -0 ek S
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