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Research on Precise Measurement and Three Dimensional Safety Control of Submarine
Cable Routing in Complex Group Management Sea Areas
Shikan Deng
China Submarine Cable Construction Co., Ltd

[Abstract] Based on the Southeast Asia Japan No. 2 (SJC2) submarine cable landing section project, this article
conducts research on precise measurement and three—dimensional safety control of submarine cable routing in
the complex environment of Shanghai's densely populated sea area. The project constructs a three—dimensional
digital twin model that integrates multi beam depth measurement, magnetic gradient measurement, and
historical pipeline data to achieve sub meter level accurate positioning and routing optimization of buried
pipelines. During the construction phase, ultra short baseline underwater positioning and attitude sensors are
integrated to establish a real—time trajectory monitoring and three—level safety warning mechanism for trench
plows, achieving a rapid response time of 1.8 seconds and dynamic control throughout the entire process. Actual
testing has shown that the pipeline plane detection accuracy is better than + 0.22m, the depth accuracy is better
than + 0.12m, and the construction period warning avoidance rate is 100%, achieving the "zero touch" safety
goal. Developing a high—precision measurement paradigm can provide technical reference for complex sea cable
crossing projects.

[Key words] submarine cable engineering; 3D geophysical modeling; Magnetic gradient measurement; Real

time dynamic monitoring underwater
R I R
= AE
1 MWEF=

PR EAE Y S, I TE
AR, i TR O E A

5 =4 imt g, DYDY IRISR R A 48 7 TRE4R (it

A A b b VT R W, S ] o S AR 2 5 38 s R
A5 U 8 S B T
SJC2ifg B 5 B bk B B R A= K 12. 5
km, 7 2R BRI . A SR G IRoAL, MR E
FRAY3. 5m. fKHEGB/T21454-2023 VG EE 3R, BEA & 2% HE R AR I
RZEO0. 5my BRI SE IR BT TR R 22 < 1. Om, 38 XA TR il 78

Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.



Frontier of Geological and Mineral Surveying and Mapping Reseach

Ho W) 25 B AT
FLeN 2 WeNEA 1.062026 4
SeEEA: BSOS (ISSND: 2630-4732 / (FPETIS): 561GLO01

60° T120° o ARG YR IE S R HIE T BOCA R 2K g
B SRS MR TR, HLI S AR SRR AR RR R TRL AR R ok
S5 R D PRI TR 2 A S LR, T H DA = 4R R P A
KA N0, TT RS % LRI S = Yk kit 7L,
N A RIS o AR L R B BOR S H

T
T

1 SJyc2igs

2 ZNEHEBSHE AR

STC2Il s B Iohi B TRE MM N ARA “AEME NP FE AR,
HINE TAEME Mm% 45 H A AT E st A, ok
0 St 3 2 v TR e 40 A% o ) 2 A 2R e b U 40 A AR DY A
YEFE

2. LM A5 20 25 (A A8 25 11 Rt P 55 1 T it

I e A B A 5 28 22 782 T-2010—20 184F, ik % FA 44 518
Ht AL E Y, R RE2-5m, R4 GBI R AE AR R AL —
ABFRARAS « PEIARIR IS ] . 5 I 75 I (S TR S VA JEC MR 3
25, I RAR I 2 . 100 H 75709 T St 78 P SR B 35 ik
SEGES, BHEX 9 IH TR EE, e Wi, oSS
SUERESH . AT ARZEY B S BURA R 5w R,
Bl RE R w2 A, SHRIIRS BE S vl S v Al s 2R

2. 22 PR A B (N AR bR B U B — 5 R M

TUH 5 S CADYR T Ml 200K WL IR S
TEREL AL, AR, 777E W6S84. CGCS2000, JbET54.
7628055 2 Ak by RIBH, UTCH AL BT I (R JEE AR 55—, —4kify
5= S ngErERRE. REERSEREALELRET LK
RGUWEs, T @ L G0 — i 23 FAEHESE, 58 il 2 U5 S5 A B 7™ i
AR o A7 FE R SO HE A RS U, 1 BB S B 4R R B,
T - S e el

2. 3T FOEFRIAEE T B A I B R ZE 4R

I S 3 2 U B L SRR 5 R R R Z R, A SR Bl R
P, AEHAMEN R ERE, AR L15° . AE£8° 5
R 2 WA NI RS, i R 2 s i KR 3 3 US4
i, RSB A KR ORI 255 MRS KL sh K, T
5 W MR TT R BRI KA 2E . T H 08 A M . S
I R TS E RS 2510 B 25 B, RS T-4, AR R
AR R TR,

2. 4t T WK T B bR S i 2028 45 e it

PR ALK A IR FEL. 5-3. Om, A2 5B E0. 5-1. 077, #£5¢

CRRMETE” BEGE RBIA R A E . T H T MRUSBLY
B BRI AR AR AE . BRTHI AL b 22 0t T B A AL R SR 46
S, BERTE30FD N e BB R AR . REL. FlE 5T &R
PR . RGETR 122 A BE B B E 7 T, B % F Bk . B
1S EIhRE, e ARG T« BR A& A0 | W L 5 1 ) T e
PR R TREER

3 RGEMBRARBRAR

55 TR S AR DU TR AR e A R B, AN TR H B AR
GRIEAN R R, BT —BEFE . s A, Bt
HRE % TR R AR R R

3. 1Rl g — A 11 PO AT 18 5 AR R el 71 2 P

NGB IR, T B ARG — R Y o B B
BUAT A CORSHE B2 12 1T 2 F i, SR AUAHGNSS # 245 Wlll, 22
GAMIT/GLOBKfFS 5 P-F- 2, SRAFCGCS2000 44 b 22 T A BE ALFR,

AR ZEERITE £0. 8emP o 7K R 21 5 I Skmyis FEl A7 15341
LBLFE 22 25 8, TR 7K T $asiil 4, 1) F A8k USBL 2 45 56 J
TUARSHES RAMZEAEIE . F1%F 257 SR AL b 2 IR EL 0 R, SR
AR -C S BT AT ARG, 2285/ 3R P 22 S BE ARG,
PR ZE PR % £ 2. 3em, SEULZE R EBIRTES — B S 5E N
(PR TRERCE S Rl 9 =4 S it L s SR it m] SR v R o

3. 2= 4EHN IR BEER I 5 FE LA LR R R R

KA H &ZOMNE T —, BEMESREN=
b A

AR B P 2 R A 2 AN, BT 45 R2S0nic2024%

IR RS (K1) (R 400kHz, PEHRA0.5° X 1° ), FHll4%0. 5m
X 0. 5mfr A% 73 #2658 B 4 2 7 AR 1 o AR FECARISHIPS B A TF g
WY 2 IE, K FHarmonicAnalysisWl B8, [F] 25 5¢ A A 15 THI
1&1E, AEHHE FHValepor tMini SVPSZ AR 2, SREE ARG Ls, 2K
TR 5, A il miAs B e IS A A Y (DEMD) o

B2 Ziis REAH T
D IRRIE SRR ERFE W #EAMar ineMagneticsSea
SPY 5 fy 4t £ 20 7743, 1348 RAUSE A0, 002nT, 320K (K1 2k

Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License. 91



Frontier of Geological and Mineral Surveying and Mapping Reseach

I &) 25 FF B AT
FoLeF 2 HeRA 1.0€2026 F
BRI TS (ISSND: 2630-4732 / (HETIS): 561GL0O01

V1) 2 58 P A A B o A A By R BRI TR AL, B AE BRI
BT TE ARG e, A AR AN B O o A Sk F B S R
&S (EulerDeconvolution), 56 SHEIR A X S EU IR :

V- (rT) =—nB

GARSEN: r RULRA B R E, TR DWW, BRULK
RIRRAE, nRMIETREL, =1,

A SCERA S IR SO TR T, B TS AT
A&, 588 T 3SBIR RS HE SO, JF R I Z 5% )G, 3R
B3RS SR EUE R Z AU 0. 12m,

FJ = 4 g An AR AR Y R 48 T A, W5 Ak FEAutoCADCivil3D
T B 56 2 VREE B 5, K O 50 U BRIV B R AR PR B ey = 4
44 (PipeObject), T A =4 TARILALOKEA LM ER. M
AR AR =2 Jm RSO, T R RS T A R S S R
BE LN/ R B, o34k B B 355 s (AR AR, JE AR L7461
R/ IEIN2. SR TF ZAFA L AARAER3. 6m

3. 3jifs TSI 23 ME 4% R A R HE S S

T SEBAZ VAR« Z il 28 1 4k B AR, BATTEME T
IR T BT 2 AL AR A 1 SE i % R 4

YRR B I 5 AR 1 22 3 ¥ 7 = 8 T 7K 58 A k28 b
B, Z 55 FLI i =284 . SonardyneUSBLAE¥x CENLFEE +
0. 1%} BE ), iXbluePHINS 14 870 CASHE L £0.01° ), 5
ParoscientificlE JI/& 2% GRE /D HE%0. 01m) »

ST AR BRI B S R R R S e T AR

Xp = X5+ R sing - cos¢
Y, =Ys+R-sind - sing
Z,=Zs;+R:cosb

IRARA, (Xs, Vs, Zs) & MEk e 58 2% A AR IS R FF 5, R
RFRIE, OCRMA, RTILMLA . BERGMHHR/R2 U8B
(KalmanFilter) %TUSBL (&l3) 58 115 INSE4f i il & Ab 38, BiERR K
WIS A A, H R B2V AL SR Akks (AN 1) .«

g
{ A
|: .‘——_\_‘_‘_‘_"‘—R_

%a %8

K3 USBL
M EALEAG, TATBEWITQCIS T G IR T — AL JEid
PRk bR R T . & REAE 2V AL R S A BRI B = 25K
FAARR b, BB T SR BERS RS, 685K ST EAT,

BRI IR ERROH s B T 33, KA, [ T R, R4
W AFRIES IS EREE; TRNTIKREEND, REGLY
PIWT S 45 19, fil e S B 28 (E-Stop) « IXE RGN MR, S2
T B E R AT 1. 88D, il T 30D (K 2 A br . T AE R R
L, BAVEACEIEIS0900 LA R, $AT “H#E R B A&+ LIRIME
A7 AR “EBIANEY N TAZIR” BOBE RES, X S mS ioT
AW . 5B B GPS 4R B USBL AR X Fh 5 ORI, FoAl 174k
T VR IR TS, WA & R AP HIE 1T, AR (RiE T A
T

4 LHEMR S HIEWIE

F LU & TR AR5 KR A T K

NI EFRIIRE FEE, AR Lk B 6 A TR 2 B8 31F A 58 B Leox), #E 3
S T AR DA 22 A g 0. 22m, TR AR IR 2 R &
0. 12m,

AR R T A B I A5 TR R AN R, & T A MR R
THIF AR I 128K, I H Bl & IR R R 2B fae, it L
TEFE 4 o Ak R F T 420 . BT LR, A ETE6IX,
JITA 00 TR f i R AR I [X S 3 B AT PR 37 P 2 B AT 5,
T f A B KA 1. 88D, S B Ak B AL BRI R) A8, 58D it 158
B LA 45 R BoR, A B LI R KA & N0, 12m, 2
KT 1. Omfry 2 4= FRAG

TR ER s AU RS BE IR AR, WURE T 3V IR B H v 28 B
HIIR T, LI RRAZ)300 77 IG -

5 45t

S IR ELER I 5 ST A I R R A G R, kA
T AT 7 T 2 SR VR 2 it TR < RS WA R
THAZ LRI =0 O S HEHL A 4R 74 22 00 = 4 i i 284 1A
T 3856 PBE S R B, TR 5 T ik K 2 s @Rk g — Ak A A
ECARAESE O 5E BT R, TSR 2 IR R A B0 1 e 4R & © “Jk
BN UR SR PAT 7 A PR 28 A T ZR G 5 B, T o7 3 R 3 A2 T
AP ER . T AH SRR o] 45 [F) 28 57 2 i 3 T R4 A1
BHEANHES S, AR KGR

[5%& 3Cik]

[10% FA. 3 b R o 41 4 3 i T 80 R B9 #F R L], o (B % vk
L = k,2026,(11):70-72.

(212 4 . [ I, G 98 28, % 3 3 I 4 (088 7 98 40 7 8 PRk
FF e AL g LR [J]. B 36 1 5 U 5,2025,(01):24-26

(318 7 . e 5K R S B U REK N EHBHEE
A HTLI].4 ) T A2 F,2026,42(01):50-58.

ME K. BR-ZEFEXERADVLNL HEE
£,2014,39(06):77-79.

[l s ke TR ERF B ENFRFEULAR
+1,2019,50(06):124-129.

EEE

R EFAR(1977—-), B iRk, i 7L AN, A BF R 7 1 A i
EIAEMNS,

92 Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.



