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Efficient and automatic processing technology of depth measurement
data in dredging engineering
LIU Hong, LIU Hui
(Shanghai Dahua Surveying & Mapping Technology Co., Ltd., Shanghai 201208, China)

Abstract: In response to the problems such as the difficulty in obtaining real-time tide levels during dredging
projects, low timeliness in processing depth measurement data, inability to directly transmit and use depth
measurement results with the dredging system, and the impact on the timeliness of guidance for dredging
construction, theoretical research, model verification, and field testing methods are adopted to conduct studies on
real-time tide level reception and processing based on the Beidou cloud tide level, automatic filtering of multi-source
depth measurement data, automatic quality inspection, and self-organizing network multi-link communication. Thus,
the efficient and automatic processing technology for depth measurement in dredging engineering is proposed. The
results of multiple project measurements show that the accuracy of the automated processing results of depth
measurement data is comparable to that of manual processing, and the efficiency of automatic processing has been
greatly improved. The processing of single-beam depth measurement data for a day’s fieldwork can be completed
within 5 min, with an efficiency improvement of 94%, and the processing of multi-beam depth measurement data can
be completed within 60 min, with an efficiency improvement of 87%. The development of real-time quality control
and processing of depth measurement data, real-time generation of depth measurement results, and real-time
transmission between the depth measurement results and the dredging control system of the dredger has enabled the
immediate acquisition of underwater topography during the dredging process, providing technical support for
improving the efficiency and intelligence level of dredging construction.
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Fig. 1 Terrain inconsistency caused by sound velocity error
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Fig.3 Comprehensive processing flow of depth measurement data

2.2.3 WMHES =K
ZRP R AL, T AR S DU R A I = A
WR(x,y,z), SETHSLMVEL, AT ST i Y
R T 17 b A8 Al 3, ol L v A S 9% o5 = A B
PEIEAT PR . XTI T, R OR b s 4
LRUBITITI:, MR AR A
f(D)=z(1)= ay+a,l+a,l’ (11)
Xt F XM TE TR P O T IR s,
ey ST SR
f(x,y)=2z(x,y) = a,+ta,x+a,y+axy+a,x’+asy’ (12)
FET LR B 20 8% 30 SR DE vk Xt
FL2EHEAT0ERE , 2NN 2R .
(z-f(l))<kS %
(z—~f(1))>kS  H#RE
e k=2303; z AWM i (x,y,) WIRE;
ag~a; HERBL S MR i 5 AR P I A5 TR
347 2%

(13)

2.3 Azhfbmg

TR AL 3 ) S B AL AR AR HE SR |
MZFFEHabr . B —BEE bR, A CH LR
Rt ARG LA [ N A 2
2.3.1 ARbRAES

IR H A b E B2 4 AR — £ 75 M BRAE 42 |
FIGE S, T SRS EEE NG, XN
B SAE IR DR SCPF 3R GE7E X R i
BB SOOI R D RO SRX TR N A,
FAE B Hhid sk
2.3.2 A AHEIR

DGR — 8 2 582 1 R0 3 i ok R 4%, 0 o5
P AR BRS04 T D00 kA G H . A SE B
WA, T AR BEK T RERE . BT
SRR RS, S BRATAT B0 2 On B2 TR 0 £k
AL AN 3 0 R 9 SR (i B et BT A A%
It P SE PR G LT R R i w AL IR B, RS



% 10 47 b

M

TR TARM RIS AR - 229 -

AR B0 1 22 S 0 e ) 2 A R 5 i A% 1
LK 4,

(s »)
it
b}
bl
% 0,0 %)
]
4 5
= Fr
it
T
B
b3
2%
o
(x,5 )

4 RBEEITHE
Fig.4 Offset calculation

BaITHE AR

2./ [ (s +s,+83) /2] X [ (5, +5,-5,) /2]

S3

2./ [(sy+s,=5,) /2] x[(s,+s;—s5,)/2]

(14)
S3
$p = ('xl_'xp)2+(yl_yp)2
$= (xz_xp>2+(yz_y,;>2 (15)

53=4/(x,=2,) 2+ (y,7y,)
Lb d Bett; s APSZEIIER; (x,,y,) .
(xy,y,) FHHRIZ Wi s A8 AR, (x,,y,) HSEBRAT
AT HARRR O 12k 48 s 4 T 0 U 2 05 K O % 12 AN
REME LI Z R FE Y 172,
2.3.3 ER—BEER

X S 2 ARG 2 28 D VR 445 B AE A )7 B A T
HH, ARG SRR K IR A FHE, TPR RS H
SRR BE (9 TEAl o X [R]— 0 2 5 47 15 ml [w] )
DSk, AR AH RO B A FIRZE SR, SKRBORAFE,
X EREE SR A TRE BV

K EVEAS R FH AR

i(AZ,.—AZ)Z/(n—l) (16)
K. Z, AN [R]UR A 00 R 45 SR R A5 1A

Z HAFHE %G 0 WEEARG o JINRSE R
AR I Bl 2

3 KRBRERERZELER

IR SR Ry A, 35 K R B 1 SCAR S, A%
BV SCAR SC A DA 2 4 30 3 30 5 B B A i 22 R
AR B IR RIS 25 h, I RAFEREE M R S
BT, MR R 5007 DL B 08 UK 3R
P SCIEIF AT AL b S T BRI A R G

FEH BB R VR X 3k, AT DICR FAS 3h
% . TR RECFE R A 3 hi (55 1% 5
1)%@@%,&$ﬁ,u%@$,@ﬁ%%mw
YEr XS AEE RS B 8 B s AN BT 2) TR
Wz, moAw . R Ear, EEEEZ; 3) BT
BE, BRUARHRSE, BRfg, S aufE, miE
#EES 1~10 km,

3 FmAE b, Bl AEE 1A R M A
255 TEMZ A E R s 28 MK E 2, B
LR SO BGE AT, T DA I B IR
PSR, B BANR, 5 T 2%,
B 5385 TCP ( transmission control protocol, 1%
S B0 ) 38 A 11 2 S N A 5 BV A Y
Zamfs, AR FE R AE T AN, S XE

AR e, DLW A D vt i B O IR 55 i,
BURM R HARTT R . WEON R o, AT RSB — 2%

DA R 1) 22 2R A Bl A Tk, LKL S,

Bs5 NMEMRSHLMBEEE

Fig. 5 Real-time data transmission between survey

vessel and dredging vessel



- 230 -

KB L A2

2025 %

4 MKIEIE
4.1 PRI

E 2024 AFR VL H AU L 18 24 B 18 ) & v
PSP BR I )SEE24 10 h, BOE R R 97 S5
RCE, BRI/ 150 M, BALBRFERT 4 min 50 s,

2= i 55 7% i A N3 A B 4 O o0 B b A iR
JEARRCE LAS , T 7% B i Y 3 Ak B
e, BAZWAEBRTER LG, B K R AR A 4
ST R R 25 g

A S R A K TR BRI R R A, AR S
FEFH P K AL B R HEAT R S e, A
WA TR R SR LRl A e 2598 . #0
BUEZSIS . B ShIE I 24508 DA 2k 5k A 4 L
XPEERE . MLRAF G LS.

AT H A XA R G R 1, H2EAE 0~
0.1 m M5 53%, HZETE0.1~0.2 m 15
36%, 0~0.2 m B d7 ik E] 89%, 0~0.4 m &%

0.8
0.6
0.4

0.2

WAk H] 08% , FF4kiz TR EHIEEER ™

x1 FNERERELRIEMER
Tab.1 Comparison results between master test line
and inspection line

H#/m B /A~ i /%
0~<0.1 153 53
0.1~<0.2 102 36
0.2~ <0.4 27 9
>0.4 6 2

HANTABRZE R L EAE B, it — 2P0 5%
& A AL A S B T EE I, AT IR 3 [R] — 21 D
BHEIATIE G N TACHE, FH75 3 e 2 B K TR
F shAb S N T A BEAS 31 1 A B R SR 1 5% L L [
6., HERTH, ZEKF 0.5 m MKESE N L
0.6%; 2{H0.2~0.5 m A /KIESE AL 2.5%;
2EMH 0~0.2 m W/KIRSEE X 96.9%; 2=1H 0~
0.1 m FYZK R SECER 1 1 82. 8%,

6 HIESATRBLEREENTF

Fig. 6 Distribution of difference between automatic and

manual processing results

4.2 Z AL

SCIEAEMER DA . ks, B LNG 53k

xR2

TR LI H AT, P A ML B E] 300 min,
BAEES G, AN Z 42 min, WER2,

SEREMGEE N THEHRILITER

Tab.2 Comparison results between multi-beam automatic and manual processing results

e Sl K /min - A TARBERH /min AR K /min - H220.2 m PLF & /% H2£0.2m LA /%
T 1 fAE 240 210 30 95.36 4.64
Atz in 240 250 48 98.59 1.41
B LNG 753k 300 290 40 96. 03 3.97
ST HhL 420 400 50 97. 69 2.31




% 10 X oE,

TR TARM RIS AR « 231 -

ZRESIE, IGREE A sh ik b B RGBS
NTACFRAY | £56/Kis TR EMYEESR,, Bk T

FEIGEAE A SIAL BEACR A RSE T, 4T 8 h Ml
AR, BRI AL B /N T 5 min, 2L

RIETF 94%; PRI RS E AL BT /NT 60 min,
WORIET; 87% , WA K45/
5 #ig

1) ASCHER T BT A F 2807 i 52 B 6 4R
W, AL 5 IR Al A vk, TS B 4 Bk
AT 0 DX R A b 7K U 1 S Bt 8 7 B, Ry RS
Bl S A BRER B T RIS SR

2) B R TR TR AL A 0% SR WL KA
PR [ 3 Iy i 035 T i AR Ak AR 1 1) 22 R
GRS A ST 1, SEL T 22 U5 D ks SO0 D00 4
PErseet . E AL EE, R T A A A
RS, FE S T AR FRS A Y A LR,
F b FRACR AR THE 90%

3) BFoCRLG A A M2 aErGEE . IS

P Ak SRR S 00 R B R SIE IF2E I B 5 42 TR
PR TR 4 ) 2R Gt 2 ) B S AR A, R LS BROK IR

RS B R 2 40 K L
MSERIAS . M5E R

4) ARSCHRAL T — Bl A R A ShAk B
A, FEAFEIR AR 2RO DRAS I A 30 4 e 1] K
A0, PRI TR CR B $ 5 I ] 4 T 2 03 A

iR i A KR P

22 WA T R B 5 I 8] B T2 /N 2, M AT
PLS i R A ) R R BT, 80 R it T A
A
SE

[1] S, SRR, A% R AT AR E 4% it 1T 1T
2111, KiB T F2, 2022(3): 193-196.

GONG B J, ZHANG D W, YANG Z J. Technology on

[2]

[3]

[5]

[6]

[7]

dredging shallow point by trailing suction hopper
dredger [J]. Port & waterway engineering, 2022 (3):
193-196.

AT, 1 AR, 3 2 Wb s 30 J7 MR ATE ) TR HLL 2 bR
B S B L S IR R R G 5T [ T]. KB T FE,
2019(11): 114-117.

ZHAO X, XIAO D. Real-time broadcast system of coastal
long-distance tide in HI1.2 standard section of
Lianyungang 300, 000-ton waterway phase Il project[]].
Port & waterway engineering, 2019(11): 114-117.
BRI, i 75 F, WRBH K A, 45 . DC T =K IR

RLHGETTEBEE )], PRI 2

HUANG C H, LU X P, OUYANG Y Z, et al. Waterlevel

MIE=vie

,2013,33(5): 10-14.

correction in bathymetric survey along the open-sea
route [J]. Hydrographic surveying and charting, 2013,
33(5):10-14.

BRIV, FE T BRI BT ) AR Vi 1 3 v P o 7S [
SAR[T]. 1R TR, 2021, 40(4) : 269-276.

WU H T. Spatial distribution of tidal properties in the East
China Sea based on the global tidal model [J]. Coastal
engineering, 2021, 40(4): 269-276.

XN, WA, 0 Hok I ) AL B RS B2 40 (0]
E7Kiz (R4 H),2019,19(10): 163-164.

LIU H, YAO X. Harmonic constant method for encrypting
tidal levels and its accuracy analysis [J]. China water
transport ( the second half of the month), 2019, 19(10):
163-164.

ARG, BIR R, A, A S BORTE AL AR K
BRI H [ T]. 7Kz T, 2023(S2): 99-103.
ZHU Z Y, JIA ] Q, WANG H. Application of tide level
calculation technology in bathymetry of long Panjin
Channel [J]. Port & waterway engineering, 2023 (S2):
99-103.

XUWE, X2, TEWE, 55 56T M S0 sl B AR 1 2 8 oz
F ORI S RLHI[T]. W

LIU H, LIU H, WANG B, et al. Research and application

22024, 44(2): 22-26.

on cloud tide service based on virtual tide station



- 232 -

KB L A2

2025 %

[8]

(9]

[10]

[11]

[12]

[13]

[14]

technology [J]. Hydrographic surveying and charting,
2024, 44(2): 22-26.
TN, R, AR, 4. R B K R 1R 24 5
Mo R 2R K RSt ) ). Kais T2, 2022(S2): 103-107.
WANG X L, ZHU W Q, LI Y D, et al. Influencing factors
of errors in high precision bathymetry and control
measures[J]. Port & waterway engineering, 2022 (S2):
103-107.
TREL My, X 2. T PRV AR T A1 R AR TR A U Iy 2 T
FE[J]. VT, 2004 (3) : 34-40.
ZHANG H M, ZHAO J H. Research on filter methods for
field data of riverbed evolution [J]. Journal of sediment
research, 2004 (3 ) : 34-40.
THL R T 2RI S SRR AT )]
/Kiz T8, 2023(S2): 20-23.
WANG M, LI Y N. Theory and practical effects of multi-
beam filtering [J]. Port & waterway engineering,
2023(S2): 20-23.
SR, AP, 20 T A3 N 24P Y 22
B UG T[], /K2 TR, 2022(1): 53-58.
SHI S Q, SHU X M, LI W. Multi-beam filtering method
based on adaptive multi-resolution surface [J]. Port &
waterway engineering, 2022(1): 53-58.
PREKEE, sRIRAR, SKRIEBH, 4. IR IR S U8 P AR AU AE K IR
W [T WK RIRHE, 2007 (2): 37-38.
CHEN T X, ZHANG J L, ZHANG S Y, et al. Application
of Kalman filter model in bathymetry [J]. Zhejiang
hydrotechnics, 2007 (2): 37-38.
UL, AF AR BT R B A 1) 22 I R DU VR B Uk O
P[], M2, 2007, 27 (6) : 25-28.
DONG J, REN L S. Filter of MBS sounding data based on
trend surface [J]. Hydrographic surveying and charting,
2007, 27(6): 25-28.
KN, TRLLHE, X FE. — WK CUBE JE B34 1 R AEN

[15]

[16]

[17]

[18]

PR DI R 0 A B Y T (D] 0 4 o 4,
2018,47(11): 1549-1557.

ZHENG Y X, ZHANG H M, ZHAO J H. Second CUBE
filtering algorithm and its application in sounding data
processing of slope riprap area [J]. Actageodaetica et
cartographica sinica, 2018, 47(11): 1549-1557.

AR, SR, S, — 0 T B REAST ARG 1) 75
LRIRERTT ()], BDUR 54 (R BRLARR) , 2021,
46(1): 71-78.

ZHAO ] H, ZHANG H M, WU M. A sound ray tracking
algorithm based on template-interpolation of constant-
gradient sound velocity [J]. Geomatics and information
science of Wuhan University, 2021, 46(1): 71-78.

Te A, AR, XL, . MRU {37 B fl 22 —
Ko 22 WOR S A BUOIE I BROT R IE (1], ;RIUK %
SR (1 BARFERR) , 2024, 49(5): 785-793.

LONG J W, ZHAO J H, LIU C J, et al. Secondary
detection of MRU position deviation and terrain
elimination of multi-beam abnormal stripe[J]. Geomatics
and information science of Wuhan University, 2024,
49(5): 785-793.

BB 7R, RO R, KRR, S R A% R i 1 2 R
SRRV T K B2 DR U 07 B (). I 2 2 4, 2021,
50(5): 695-705.

BI Z J, ZHAO ] H, ZHENG G, et al. High-precision and
quick algorithm for multibeam sounding coordinates
considering the propagation surface [J]. Actageodaetica
et cartographica sinica, 2021, 50(5): 695-705.

Kz AR B RS JTS 131—2012[S]. dbat: ARZE
i AR, 2012.

Specifications for port and waterway engineering
survey: JTS 131-2012[S]. Beijing: China Communications

Press, 2012.
(k@i IRhA)



