41 5 11
2016 4F 11 H

VRPN S O I S

Geomatics and Information Science of Wuhan University

Vol. 41 No. 11
Nov. 2016

DOI:10. 13203 /3. whugis20140481

XEHE.1671-8860(2016)11-1440-05

— Rl 25 % SR A HE AR B A 5 M 22 OB HE U5 7

Nt EEM

& A4

HAR'Y KEMF

L R B 2 B W PRI 22 R L I0 T R 116018

W EHTLRRNEIRAEEREFZEANLBHET —HE TR DR Z R RERBHER LS
RBIET k. A T-FEERSG S KRR, KA mAR D Z RSB RTY it f it kR A BT
R B S AR £ AR 0 AR AR NS B AR P B AR R AR ATRIE, RR4
REAR B EN ARG O RREEEFFILERBAEA DGR ERARERE Y 5k ROKRIER

HE GG,
KB MMBERE; RADZF; RIE; KIREE
FEZESES P229 XHIRER A

A8 22 I8 AR 2R AT 7 TR I e 22 30 SR I R
FA G0 P S 0 BE A 48 2 10 LA % 2 45 5 e 0 TR
FIVSL RS BET 20, R 1 R UE 22 38 o0 R 1 0 B A8
IRy VAV b Ep < J ORI RE S A TS END
REIE A TSN RS2 M R R A BIGE . S8R E 2
5 2 WA AR GE 0 1 B AR G BG4 R 22T 51 A
1% 22 BICIE L O il o R 8 S 800E S B BH BRI
AR H B

e BE A 1E 2 77 A8 AR X T 1A 1) 2 A5 1
R BRI B A E O 22 L L2 5 MR A B AR 4 T R
7R R LR R P SRR KR R R0 U RO A
T T 7 TR S0 A M P AR bR 28R A A B ) AR 5
Wi o A A JRE Al 25 A7 AR I 22 PR A% ARl KR
Kol 2 B AR G A BURE . 51 R 1R M TR 4R I 2%
BTy S R R A R AT A 22 0 TE
IR AHIN L A2 7E CARIS AT X 4
I 2 Y BATL 1) AR [ 14 2647 K O EL A A ) 14 4 £
UL 1) K B FR) 26 K % B 1] A o X1 22 A
O BT TR A R D 22 X K TR B4 5 WL O i R
AR R 22 ANH P A B K R R 22 K T HL B R
A OMBURERE 1 BE A 3 R R BRI T
3O°IN S BHE A B R 22 5 A K TR AR U IR 22 B 28
T 0,126 0 SCERL9-10 140 BT T £ WA 9K &
G545 il 1 20 e A I D BRI 3 X T VA RS M T
RN . BUA A EE TR G R R i 22 AR DT
EOE S INGEL Ay DRI R b S P

Y Fs B H1:2015-07-01

P T B A5 Y R AT R A i 25 A O SR B E
(18 245 5 7K S (18 V8 G E AT — 25T 26 1) A R ) o

B X 22 U R A B A R HEAS 58 35 ) R, AR S
T 22 U R A% T K TR B« 2k TURE AT A i AR S
{14 27t K RAA SR FH AN d5e /s — Ffe 1 04 7 31
VRN » oK S 46 BB 5 B 4 A B O 2 , F DR A5 21 19 18
IE 25 R4 A CARIS iy SO, 58 5O 6 il 25 4 15
PR DR 22 BRI . 26 45 SR W] L 3% 05 0k v 22 0%
P RE AR AR R 25 EAT IR IE L R T £
DA B R BRI MEAN T N, ST &
W UEJG I 2 0 FOK R e EML SR AL EE
X HA 0 — 8ok .

1 #HetsrEmmESIEERGH

B L BT 7R g BRI DX 5 A 4% Y JE ) T
B e B B RO L) A VB LC = A5
I xb HAT 1] BEAT AR IC CRlF ALC AT 1)y 3 B 4K
T ) 0 260 BRI D 3 BT AR 1 ) L AT R
A A TR B 2R ARl AL O HOR B
T A AR [ AU D7 1 T ) A 9 2% (R
A B) WIS B S5 1w 4 B0RE e TR P 1 D
SR 1 A $6e B 4 B B Al 22 (FE P SIS L R BE AR A
F0 i 2 19 X8 7K T B 52 W) R 68 /D & A5 RE 45 5 D
FE7 A K TRIR R PR A SO % i A
o B O 2 X5k K TR 195 WD) SR E AN BIDEE 5  1)  dh

TEE B 5K H AR 4 (41074002) 5 [H SR 863 %1 (2009AA121402-4) ,
E—1EF PO A, 38 AT S R R AR AL A SE . sunwch1986@163. com



FAlHEE 11 Y

PN SO A - — i 22 30 R 450 R 45 R 8 A0 J32 i 22 — O Jr T 1441

JRATARL

L1 48 RE g B9 i 2 5 | S 1) 7 G 1 )
Fig.1 Seabed Slope Caused by Roll Bias
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Fig. 2 Calculation of Roll Bias
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Fig. 3 Calculation of Terrain Dip by the Least Squares
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Tab.1 Parameters of Swath Calibration
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Fig. 4 Inhibitional Effect Of Iterative

Weight to the Micro Topography
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Fig. 6 Rear View of Swath After Roll Bias

Calibration

XFLEP 1 A& 6 AT LA L 2 HOH AR IE A Y
ZAT K ORACHE - A M B T DR 8 B e 0 A



A1 B 11

PNSCNES - — Fib 22 308 TR 450 BB 0 A0 A7 J32 Jd 25 — R o Jr ¥

1443

i 26 BEHER 58 3 5 | S 1) I3 IS 2R 8 PR AT AR 5 7 2%l
G X K IR RE 8 5 P AR i 3 B2 (J&T 6 rp A 2%
B B A R K TR 25 5 5 R B E iR
FZEAT RIS A R AR N T T SR [ 30 % D SRR
ZE5
3.3 EERXRAHESIT

T BEAR SCTT A AP S 2 RO XN —
Hre 30 2R 5 40 e 2 Y 2% 38 L IX R DL A £k K
TR A UE 4 200 2 K R A B 100 100 #1
DA% M (58 XK BRAE 7. 80 m Z2 47, 43 5l
A R i 1 0 Ml 22 5 LE I S 6T 1O A I 7K TR R B A
FRE HLGETT S R IR 2 o

2 WMETEXXEAFELSIT/m

Tab. 2 Statistics Comparison of Depth Error of

Before and After Correction/m

El SN e/ ME Rk PR 2
o IE 0.68 —0.71 0.05 0.28
YRR 0.32 —0.34 0. 04 0.11

W 2 JroR s 3R AR SOO7 363 5045 3100 0 g
for B4 i 26 452 1 i ) K IR0 » 58 SU XU 75
EGETH A5 R W AL T SO AR 45 58 ] TR A
AR ST 3% AT e RE S R D 22 150 1 RE 6 A7 20 M
5553 DR BE A B Ol 22 7 2R I R IR 2

4 45 iE

FEGP AT T HRE A 28 B RHE A0 I i 22 Xt Vg I 3t
TR 5L 0 A2 T A R 7T s BT R AR
GEITIEATAL Y Jr R » 22 T 92 0 22 3 3R A% 7K IR
Kb B T 40 RE S B AR R i 22 A IE 1) B/
FeT7 ik R KW Gt — P HOE R A B 0 2%
7 K GRB A A A T R T DR R e B A i 22
REHEANSE 35 51 A 1Y 97 I AR 48 PR AR i T 0 2%
5K A 2 B XK R S AN ELR SE TR R 1%
7 ¥ RERG A R 1 55 DR $96 6 4 B 15 10 T2 A 22 51 e
(9 25 K RS R GE IR 22 . B 1 2 B ROK TR %K
A JE

[1] Ruan Rui, Shao Haitao. Detecrtion and Analysis of
Multibeam Bathymetric Internal System Parameters
L]
2001,21C4) : 51-54 (BLBl, HREE . 25 BRI IR R
SNSRI S AT s, 2001,21
(4) : 51-54)

[2] Dong Qingliang , Wang Weiping. EM1002 Multi-

Hydrographic Surveying and Charting ,

[3]

(4]

[5]

[6]

7]

(8]

9]

[10]

beam Sounding System and its Parameter Correcting
Lyl
2004, 24(5):23-26 (FE K&, F . EM1002 £
BRMIERG LS EROELT ] #rE2:, 2004, 24
(5):23-26)

Hydrographic Surveying and Charting .

Li Jiabiao, Zheng Yulong, Wang Xiaobo, et al.
The Main Affecting Factors of Multibeam Bathyme-
try Accuracy [ J]. Hydrographic Surveying and
Charting s 2001,21(1): 26-32 (ZF %, ¥ FE .
FNBEL . ZERME LW N EERR
(). i#ms:, 2001,21(1) . 26-32)

Li Jiabiao. Principles Multibeam Survey Techniques
and Methods[ M ]. Beijing: Ocean Press , 1999 (Zs
F. ZWORN R A 5 EIM]. Jeat:
TR, 1999)

Zhao Jianhu, Liu Jingnan, Yang Fanlin. Weaken
Systematic Error in Depth Data of MES[]]. Geo-
matics and Information Science of Wuhan Univer-
sity, 2004, 29(5); 394-397 G, XIZF, B
MR 2 I TR B A 2R SR 22 ) 58 T VR E A LT .
WK - A5 BB = M, 2004, 29(5): 394-
397)

Zhu Qing, Li Deren. Error Analysis and Processing
of Multibeam Soundings[J]. Journal of Wuhan
Technical University of Surveying and Mapping ,
1998, 23(1): 1-4CRIK, 8. Z RO B
MR T S AL EILT ] RN 4 Rl R 2R,
1998, 23(1) . 1-4)

Gou Fabin, Zhou Xinghua, Chen Yilan. Analysis On
The Distortion Of Mbes Datal[J]. Hydrograph Ic
Surveying and Charting , 2008, 28(1):59-61(¥ %
T A, BRCE. 2R IR LR
PR HTLT . WD 2: . 2008, 28(1):59-61)

Liu Fanglan., Zhang Zhirong, Yu Ping. The Meth-
ods Correcting Roll and Pitch Biases of Multibeam
Bathymetric System[J|. Journal of Jilin Universi-
ty (Earth Science Edition), 2004, 34(4).621-624
GilJr=2, skaER. K. ZHEAREHE Y HS
BB IE T [T ] 35 MO 25 4R Ol BR B 22 MO
2004, 34(4).621-624)

Zhang Haitao, Tang Qiuhua, Zhou Xinghua, et al.
Installation and Calibration Analysis of the
Multibeam Echo Sounder Transducer[]J]. Marine
Science Bulletin, 2009, 28(1):102-107 (3K ¥ %% , B
BRAE . SR, L 22 PRI IR AR G e RE A Y R
KAy MR LT, P4 2009, 28(1):102-107)
Yang Fanlin, Lu Xiushan, Li Jiabiao, et al. Correc-
tion of Imperfect Alignment of MRU for Multibeam
Bathymetry Datal[J]. Geomatics and Information
Science of Wuhan University, 2010, 35(7):. 816-

82Z0CPHFLAR, y5 751l ZE500% . 45, Z PRI I2 3



1444

RO K

ERSRE

2016 4F 11 H

[11]

[12]

[13]

[14]

RSB M BOE L] R KRE%E®R - FE
Bl2# . 2010, 35(7): 816-820)

School of Geodesy and Geomatics, Wuhan Universi-
ty. Error Theory and Fundation of Surveying Ad-
justment M. 2rd eds. Wuhan: Wuhan University
Press, 2009 (B3R 5 I 22 2% g W) 4 - 22 2 R} 4.
WM 5P 2 LM 58 2 . i R
DUR S kL, 2009)

Liu Yanchun. Space Structure and Data Processing
in Marine Sounding [ M]. BeiJing: The Mapping
Publishing Company,2003 (X|JEZE. 7 MIR 25 7]
S5A SRR AL FIMO. Jbat: M4 i AR, 2003)
Liu Yanchun. Space Structure and Data Processing
in Marine Sounding[ D]. Wuhan: Wuhan Technolo-
gy University of Surveying and Mapping, 1998 (Xl
JHEAR . I R 25 ) 24 S HoA s A B D . i
BB 2 B, 1998)

Dong Qingliang, Cui Minxun, Zhou Junhua, et al.
Analysis and Processing of Transform Geography of
Convex and Cave in Multibeam Sounding System
Lyl
2011, 31(1): 32-35(H Pz, ERW . AR, 4.

Hydrographic Surveying and Charting ,

[16]

[17]

[18]

20 IR R 8 v M AR TR TR 1 43 BT S AL LT .
WEPEM 25, 2011, 31(1) . 32-35)

Dong Qingliang, Han Hongqi, Fang Zhaobao, The
Influence of Sound Speed Profiles Correction on
Multibeam Survey [ J]. Hydrographic Surveying
and Charting , 2007,27(2): 56-58 (¥ JK 5, #h 4L
JE ., Jr IR, AE. R U T IE X 2 IR R TR 11 5
)], WEPEIIZ, 2007,27(2) ; 56-58)

Zhao Jianhu, Liu Jingnan. Multibeam Bathymetric
Survey and Image Processing M]. Wuhan: Wuhan
University Press, 2009 G & 8, X Zr. 22 3% o il
R R RE A #EIMO. R 2R 2 i AL
2008)

Cartwright D C. Multibeam Bathymatic Surveys in
the Fraster River Delta, Managing Severe Acoustic
Refraction Issues[ D]. New Jersey, USA: Universi-
ty of New Brunswick, 2003

Kammerer E. New Method for the Removal of Re-
fraction Artifacts in Multibeam Echosounder Sys-
tems[ D]. New Jersey, USA: University of New
Brunswick. 2000

A Re-calibration Method for Roll Bias of Multi-beam Sounding System
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Abstract: In this paper, a method of re-calibration for roll bias of multi-beam sounding system is pro-

posed to solve the faltiness of multi-beam sunding transducer calibration. Based on the sounding data

of smooth terrain, the roll bias angle of transducer, the dip of terrain, can be calculated by using the

method of weighted least squares. The obtained bias angle can be used for roll bias correction of trans-

ducer in vessel model. The conclusion shows that the corrected bathymetry data in the overlapping ar-

ea of adjacent two swaths is more consistent than before, the accuracy of multi-beam bathymetry data

has been significantly improved.
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