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Abstract: The shipwreck salvage project of Singapore-registered container ship “X-PRESS PEARL” has been carried out in November 2021.

In this paper, we introduced the integrated surveying and mapping technologies in the whole salvage processing in detail, including the position

and attitude investigation of shipwreck, obstacles around the shipwreck before salvage, the monitoring of wind, waves and currents, the integrated

navigation and positioning of surface and underwater, buoyancy attitude monitoring, self-floating attitude monitoring during the lift up of

shipwreck and the final debris salvage and removal. It provides support for the smooth salvage of shipwreck, effective protection of the marine

environment, through a series of integrated application of surveyings and mapping equipments and technology innovation, which also demonstrate

a reliable reference for related international shipwreck salvage.

Key words: shipwreck salvage, attitude investigation, obstacle scanning, marine environmental element monitoring, navigation and positioning

of surface and underwater, attitude monitoring, debris salvage, scanning sonar

M s A 2021 455 H 20 H R4+, —f#2 700 TEU
BN EEE AL “X-PRESS PEARL” 5 (DL Ffd
FREIR'S ) e B 17 B 22 RRME s 29 9.5 1 LA 5
TEERE PR PR B B 2B A ke k5] e ki s 6 H 2 H s & 4 1,
ZMEEE, AR R IRTU . 1S A I e %
FEGTYIAE IR besst, WG 19 T A bl R R
O b L T TG O, R AT,
SO0 B 2% RIS R RS Y, MR LTS N
W 2R bR Em AR, BRSO E
K186 m, FGE348 m, BIK17.9 m, AZ DNV,
HINSONIE, IR % X-PRESS FEEDERS P X [al ik .

PR A RS, BT 1 486 MR, HirP 814
HFER AR RER . B0 25 LN R LA S At Ak 2 R
Mo bt o MEATTTBE T BHE S5 VU JL A /5 2 24 4 9 L
Ab, JETRHE X I, P EK N 21.5 my ik
Mo PR R T R, R ARaE . AR
B, g AR, PR EEREAT, SRR ARG
W2, KRR IR

B SHERRATH5 10 2 TP . OXHMEMT S LA
W1 XS A T A B S M AR T T, ER A AR AL
Ay QA XMERR AR B AL E SR Ot TR
i, BT MBI SC A . FTH7 ) =



%020 5% 740 =

8% . EEZREESAEEMITIHN LB AR R-E A - 105 -

IR IR R SE IR R DN R, EA T HEAAh
. B KRN 251 T R R T
MERRHER /K FOK R @A = A W, AR RIS
PEATRBANIERY , R EE RS BRI, AR AT
SBFLIETE ARSI AR, XES RIS - o A i A ED
JE JE VUM R B EA T AR o AEBGIIA], ()20 BEA T XEAR
JEIFEL 1 ke A2 0 BN (R AGH03100 S5 4 T 47 A0 MERR
AL PR A SN AR I | A AR A AR A0 B I A
TCRRR RGBT AT, FARPE T XERTRE T BT 8] 5%
Ao HTXMERRDOB XA R R RS, BCTE] = F
WARBUIN, e WIRFFZENAR, 40K, §18; . $1
SEAOC AR Ok T A HTMERE , ARl B AR AT BRE
S R AT RS 2 AR E AT A . B
FFTHOT RV AT, PRz AR T 57
HE, A RAK S TR RITHBARA R A 3
WA AR T H7 3 B DR R AL S eI T 07 TR . T
PRIl ZIEOR M QUE S RE BT, RIERTE TR
BOR, WOk T HERTAIRRR I RTATE], i H SE
G S B E]

1 TRESEFMNEE

1.1 e A

SE N LA T A — B LR AR Z T 87 AT FIAE AL
HHE R ROV K IHLER A WK 5K BR300 77 =
M T2 Bk S K 7E i A AN X FE v, ks
KRFEORREERAM R, IR ROV AR B AR
M KBS AR R, HHERE RSP ECR . WK IR RSCR A
1577 SO MER A AR A 22, ARME A TR A B0 RO
MK P ARIIXER SO S A =L, (5
IR P2 a8 0 S H T S A T . SR 0
PERMATEIN, R AR L A O SR R 2R
W22 U IR R e W A S G JR 0 i A T 4 B 5 A
SiEMEBERETE . 4R PR RS 2R e
BRI . B S S, HER T IR E T
MEMS I DTBL B . ERT LA R i RS- P01 43 A1
B, A JE IR R A R T AT RE R SRR

A AFREMT LN BERS M 2490, R
FARER 30, YA R 10, BREMEIE, SaFKIig
BN, MEARC 22D ARNR, e AT 788 MRS
i, METEH EAY 698 E RS
1.2 EHERRBLNEI

T XEMT BT ALK SCR R SR S AR, G
PR R BRI R ERG R, TR

TANE AN SRR IR, X T AR R PR AT 52
A o XU T 32 >R ] 36 [ Kestrel 5000Link <,
Gl s WEIRWLIN 38 £ 2R I WaMosS 11 78 X 8 Bl i
iKW IR S R H 22 [ Teledyne Workhorse 75 2%
L A, SERT R I R R S e, I
A PR BB, AT 55 ik s O B A 158 2 5%
M (1) o A A5 IR 28 B 3538 45 6 TEC AR 1Y
RS232/RS422/RS485 WML, 4 £t A% iy B e ¥ 48411
ML, DT B R G A R
VARG, IR 2, DU EAY 5 20 /s i
P SH, KB R T . B RS

%, VKA R Ta] 4 P AT S A Bl 4

8 wina Liscen | Dows @aan Gaazs Susas Luces @uass wase Avsas

2 FPREMNSEEH=Z

2.1 BRI RRALR

P GEg v TR A 5 268 R F Sk
TIRRPRIEAE (BRI A S0 TAE ), H
AL 4532 [ Xylem 23 7] 1Y Hypack . faf 2% QPS 23 ] ) QIN-
Sy F13& [ Trimble 23 /] ) HYDROpro %5, {H_E IR B A4F%F
TLRERIATE, Fl2 2R . ZE8R S
ZARM Y USRI AT BN, Hypack H 32 HF—
Xf— M B A5 QINSy 2 T Rl PR A B, #1142
A, B — AL AR BB R A BE S
AUATH; TR B AR s 1. =4
2. PHORHSHE 3 . RIS AR 2
RTFIL 2 A . B AR 2 W RS B GPS B A5
TCABAF A, SR XENRT 57 5 B R R 40 n] S 3
R . BT S SCERE ., TR
WEAMNIRERE, i E e,

FkBR2H 4045 TCP. UDP B, UDP {44 ik
JEPR, TCPAEHRR R, —H ML G T iR PR & 5
T, WA TR, ’& N UDP) #5553



- 106 - .32 & i 15 A

%022 5% 74

B oA R T BN TCP AR, R
EBHRRR AT o R B LB 1, R4S
— RS, M EUR TG R, AL STT
B AHLE A I W28 L Y845 55— 1) TCP/IP
12O E N R i b ves 3 b A I TR S € o T [ S
e, AR S T TR
2.2 BN E LS

DO F RS T, AT B AR g 2 .
DA, MAESCPRIE R, ARERELEE S5,
PREHRA KA Rl PSS LR R R
R, b TAERAE . TR O B R T
S EE AU T HR A 2 T SR BRI SR, BRI
Jiti U224 o MR FARG I 7=, MEARTTH5 5 Bk
RS T AR, o O ks B 15 5 2 S ik
L AR SRR, RERINE . EEER R
IR, JFEATLBIINE, BB AXEATTTHH AL
CIEFNERE SIS S S X SN

3 MHRiTESEE

MEM S PR R MEMT T 45 T A A FE s FOHE A, AT
B 07 2 R MERT IR . RS IS, oy Bk
TTHEVF o RTERTTT HEATXEA K N b IR 22 28 5] T4,
R T 2 RS K T A SRR
3.1 R 22

RIGR 58 BRI ,  AEXEAR ISR 28 5 ] 64 AR
13PN 22, LBk e A A ik, &t
R 2.1 mo 2R % EK T REDLEEAR . A S R
GRZE M, PR ER AR 25 ZR AL 80 em, KR
KGR BESRA  o AEME T 1203 M LR K T 2 ik
%, WReAR O E L AV TS AR E KRR e 3
LARGIATRE ORI E . shASRE, SR W RS e A
b, DABRARAE AR ALK B . /K AT S5 hR T,
MRS T 55 5 Bh UL SR 22 0 T SEH AT (5 pn Bt -t i 2
FAGEER, SLRHEROK UK R EEEE, HTE
SOK ML SN LLZES | TAE . B ILL R SR UTC
BHEFEE A, XRTA SR B g — B g,
AR BRI G — I AR T, 7R AR U e PE A )
B S E AR S A L

FHI LR 4K T E, R Im2E R+65 cm
(+ZR R ], — R O D EA I 1)), e/ )M
22 N4 em, AT ENLLES | mIE Y R TR
3.2 MERVEIE S YAURS MYE Y

MENRAC TR I F T 7 O, A VR Hh i St

WS ENRAS, QFEROE . RAT. SABTRIAG I 45,
SRR R LK, A A MERTK A4
PR GPS A, MEMTK b K N EOIE A
KB 2k &, @A K P RLBfEEmER, &
T R SR R RO B S AR, (R RS
% I A, E BN g A
X, REEEARTE, AR REM LS,
R RE B ALz T R, R AEMTRE R
MERSEC IR S, MERSRIPIHR TP X 2R IN . 778 . B8
WIS SE T Y, B E PR S . g R
KB PR ZE R (NES5m), HIZKIR . iR
MO A%, P A Re L WA A TR e, T
DARFEAR T R A, X RS T I R 0 A Y R
TEREAE M AN b2 B R AE B GPS, AR A HERR A2
DL AS 0 s & AR ANAE B . AWE g . %
45, ISR BB, ARG E, B
M 2R BT E . 202341 7 14 H XEMTTAL 565 8h
A EHr BB (K2).

1T KGR AL BT HEMS I AR)Z , XERT A
KAEGTYIERE , FEOENGEIGASSA T . fEXERE
PEAFIRER, BT ERTAIEL RN B A, L
BRORAERT AT 52 P2, A H At 11 BN JE PH IR B
WA SEAST o 5E XA Fr B Do FL R AR e A I, ik
FOMERT F PS80 o FEMERY b 2220 R R R o i 2 AL
AWM A, RS . R BN A R il
TR B SEi A i R AR 3, R ORXER 77 250 A I
AT Zead PS4 h AR EOKIEECTAE, XERF)
SE SRS, SCRATHT, ISR EOK, KX
AE RS IR AL, XA EA T ORI E ST, R
BOE T TEENEE JE YUY, HEATXERTSS AT AT

4 [EESERL THS

ZPRMERGHA EE . B PORAEIE,
APARBUK T Bl . R R 0 e, AR
S W ST FRAE 1K T = ZETE 1], (E XIS Y



%020 5% 740 =

S%F . R HEASRAMIT SN 4

R A& A - 107 -

AR ECRRAL S WA 22 5 MU I BA o R, al gk
WOk o B R YR, (AAE . mREfEE
RERERAR, 3 Sl S 0k ARAS Ax I L R
K e st SR " A UAT B Ay 2UAR 45
B, BREZATH T 2 R 20T S 00 25 SR AR e Y, A4
TS . e b PR R | SR AR DT S T
BRI EOK
4.1 PERFPrER T 1

MERTE I SC U, R 1 lom 42 A X8
PEATBERF YIRS 0 B DO TR LB AR R T
5, 1230 H EORAMZE RS G R AT IR . 2
W KR REULEE . WK B2 B AN R S5 I RS, SERR
FORBEAFY O 25 A8 1 me R, SR RS s xf
FRBZIEA TR E PRI, SRR R R 0 BER 2 OR
IR B T 75 SR I R RS B LT L R et il
I RTK =R MR EA, ok T3R5 o 1 26
1 2R R G R A AL RTX B Trimble 5E AL HOA
RETEIF L s BAUATHIZ60F T, SR BEHOK A 52 (74
JE o ZPRMBERGZ™ MR8 A BES" S, A2l
TR B LK TR A R LR Geo Tiff 15, fHEFT 45
T 5%,
4.2 PERIIREEATEF

REFTINSCRAE D9 7 5 SO SR T4 B T
RARGH, RTRBIEER), KRR T DAk
FATE, ERS TR Nl FAR i AN S p i)
TR RO HERRARI A ARE B e SR s A 7
HIE, REZEEAT(EFRAY MS1000 F48 75 TN T 0= Frehs )
X, GHBE R TVG LA RS R IR,
%@ﬁ%ﬁﬁ RIFTEOK B AR Pk, il —F

PR LIREUENL, F8 WK BTk EZ, oF
%ﬂ%Tﬁ RIEFETH TR (K3).

SR S A AR ZS S, Al
KUK MRl BEE T, X T RU N R TR S T
KHAEH, K m T HTEHR0R . RTIXEAR RUIHAE
S OARHEREE, BN T AR R

SR, ARAEMESNA R s AR 2 W, AT H R
BOUE T RTX 76 B EE VR i vl S ARSI, 8 L hds
SR ENAG FE IR E+2 em, AT SE HIRFEE B CORS &
Sifh Ak B, HLAT Al RTK = 4k K G0V 7
i, B EE EIR I IR, T TR
A, PR TR ERBINE, KiEHm 7RSS
R, AENE RS H WS % ks . SR,
IIVRE SN e S A N E0bvivE S i A U U LN 3 e 2
M 5 (o7 A5 o

5 & iF

BERSXEMTIT B2 B30 B 22 R BUG I P
SITRZ RN, AT R R BREE PR AR PR 1) 2 1
IAPREHATET, HURGHE TR L 1w
HA. R N RN R, R BRI T e
MRLE SEEAS, AT RN SCtide Bt 1 5 2 i Rt
S EXERVE I IR, e R A A A
WRHREIEAC RN . ZHREdE e It e . 224
Sl MEATES RS B IE SRR RS I, B OR T e
M aRiE, MR . R ITHHELL TaRA
AIPOR SCHE I MR ORI I T3 . B0 RO T VR 2R
Bi, SCB T TREHA . ASCRE S EN
PRISMIFTHF I H ST S A SRR 06 5 2B K . 2
VRV ASARBLZ A AR B 22 (AP AE R RTINS ) 45
DUZFE , AP WA PR A R RS FE A A 22, i 5
RERT AR B TR ABESE

2EH

[1]  Grappling with the Biggest Marine Plastic Spill in Histo-
ry[EB/OL]. [2023-02-24]. https://cen. acs. org/environment/
pollution/marine-plastic-spill-xpress-pearl-nurdle/101/i3

[2]  # 2 Z[EB/OL]. [2023-02-24]. https://baike. baidu. com/
item/% E6% 96% AF% E9% 87% 8C% E5% 85% B0% E5%
8D%A1/213964

[3] R, T4, 5. 8T AT TR SR
HRAE,2017,40(10):6-23

[4]  EARF, M, AV, S RAATH T AME 6 R E R
BRI ZAFRI]. ¥ B LA FIR,2017,15(5):400-405

[5] 4z, H2, 24T, 5 AT [ EESBBMEIIE FE
RAF]. EHF T42,2018,36(2):135-142

[6] &ARE,FEE, 24T, F WMT RIS F LR
BRAIZ,2017,40(9):23-27

[7] AR AUIREE, TRBUR, 5. SR 54 Beh ik L Re
AR g5y dem) o o 2z a5 R (D). iR 524R, 2020,



