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Abstract: In recent decades, advanced navigation equipment such as radar, global navigation satellite sys-
tems, and electronic chart display and information systems have been widely used in ship navigation,
significantly improving navigation safety. However, major accidents such as ship collisions, groundings, or
strandings still occur frequently. Analysis indicate that some of these accidents are related to inadequate ma-
rine geographic information support for ship navigation. To address this problem, based on a brief analysis
of the current status and existing problems of marine geographic information support for ship navigation,
we first propose the concepts of base—state, new-state, and transient-state marine geographic information
and their support products.Second, we analyze the characteristics of the three—state support products
and their roles and functions in ship navigation support. Finally, with a focus on how to realize the three-
state fusion support mode, an in—depth analysis is conducted from four aspects, including the fusion support
scheme, process, effectiveness, and key issues to be resolved. The research findings can provide a referen-
ce for addressing the bottleneck of insufficient data currency in the existing marine geographic information
support and further enhancing navigational safety.

Key words: ship navigation; security assurance; marine geographic information; three—state fusion support

of base—state, new—state, and transient—state

E&TH B RN X 8 F 5 H (20-163-00-TS-013-002-10)
FE—EE U W g, 2% S R B HE 5 7 1498 . pengrencan63@163.com



%551 &5 9l

NS AR CAT W A B = A R O IR [ AT 5 1919

LAk BRIk BRI TR RGO T
Bl R 5FERESFFMBARMN CH kR, K
BT T MERAAAT 1Y 22 At SRR (A A A T
KEFHA A KA. 21t Dok, e akifp il & 4
2 e L TR0 A0 RIE JRE | ik A Al 2 2 2000-09-
26, #A 500 Z N A IR R b5 RN e S 78 2 5
T (4 A 22 H0r 5% BRSO ik A 9T 08, 1 8 80 A BB T, R
B A i 35 4F ok f ™ T AY I XfE FE 5 2008-03-27
SR, DT U R s B A R Y B 3 128 45 R
JH 01 Ve T oA st B T 5 4 3 KA & 2 Rl 1
B 60 m K .3 000 t H Y M T A 9L 50 B L B R 128
SRR R, AR, B A EAE 44
ik BABE T 52009-02-05, 36 [ i 4 3l 45 0 R 5
KV A A B R R K I B S 0 I e e
ful e W L R AEIMEIEE B 3K IBRE B LK 2
500 J7 3270 , I X SR Al s A T e B AR5 2013
01-18, & B 429 & S H M, A B F
i 6 K (electronic navigational chart, ENC) % —
A S 0 EE A A R, R O AR AR R R A T S
fie 1, J5 4 B A A S ] 38 =Y 5 2025-05-25, Fl]
L BL Y £ MSC Elsa 3 5 45 55 1 fifs 76 B[ % w5 7 7
U b AR

Sy AT 2R 3 A AR I R T L A itk e v
S A S R U I b A PR B R #)
BLAT O o A I, AR SCHE ) B 43 AT AH SC B9 R
FHY 04T 96 Y b 3R A R B PR % A E ) R 1Y)
FEAI b AR A B A RS (AR =28 Mg VE Hb
PRAE B M = SR S &, A B = AR R
st P AR A B LA R AR AT AT DR B v (3 A 5 4
25 AR PR D R S TR B AR P ) L O
GG 2 AR R Z A TR AR e AR R
HH R BE BRI A R A R — A R T A
T78 A PRI T 17 L

1 ARAAART iR E B REIR
K 457 1 8] /R

1.1 REIRK

A AOAUAT T VE b PR AT B IR B E R i
T 225 B 1] 40T 00V I (R 22 BR Sk v S
) T LR ER A0 TR AT AR T R
H I A 334 4 A

1) v 0 BOBR o DK T A A 3 AR
ol 1 N D= | B/ N O (A S S S R £ 3
W2 TR N4 7 A AT ) R A, TR T
T S LA 3 DX 8l o U 3 R b I L K TR

VR JYC M R 0 i Y Y TR VR O T
TG T30 i, DA R HE At L 0 3 1 I R 40 4k 3
AR, AR U M 2 B 5 It p R ARHE L R T I
) PET 10 T J 0 1t B R ORI 7 o 4% b i
A ) g i L AR 7 5 AR A I R A
TFE,

2) 7 [ PR . AT SEHL BCE AR A
AN 22 P ASC B T e o PT84 5 30 AR T ] 26 s 42
R AR T B, ) FH U 0 AR AT ) T T b B B 05
I et B R R AR oy 2 S R0ORE I R AT 1 1 1
il Lt W R A BRI AR A A AT B R
Vg P14 0 R AL O S 4/ I SR (A ENC &
1T (ENC revision, ER) 3C#Y ) 45 2 Ff 4k 1 7 Hb #
LR

3) B ERM PR . H AT, AT R A D
T R B AR 0 T a] XA AT 29 200 m AN
FEL 7K T b B PR B3 2R AT 3 00 9 T 2 D R R
G, 4 R 22 B0 A0 G R SRR R A 4 TR TR 4 A AR
BOKH P EYAR 0005 B, JoEE A ERNK T i
T& K TR R AL 47 S5 U M B B T K AR A
AR T A I R A L B S s e AR KR, TG
125 FH R DAL 2% 1T 5 — 22 9 ] K S8 K TR R A
fii iy oo
1.2 fFEEEA
1.2.1 HHFEM 0 £ &P

1) va oK B2 52 I AT S 0 LD o R 2026 4F 4
A sk R 2 R & 8 5 m Jox it S5 00T
A3 W TR o EEAS TR 29 %60, T A S 3 43 1T AR i b
M 719 (25 TR R /AREMAF) . B1H
G BR A R S 5 AE B . DAL B SRR R
F R E T 2030 4F /i 58 i 4 BRI 5 0 HE R )
F1h JE S LA S

0 5I lb 1I5 2IO 2l5 3I0 35
A SR L%
1 ARk iR SC LA Ol
Fig. 1 Proportions of Unsurveyed Areas in Each
Global Ocean Basin

2) MR A . A2 BHR R GK IR
I, SRR (1) 300 B 2 e 52 PR .



1920 ERONEE S S P2 X8

2026 49 H

R TE A KRR 1.5~24% , 76 R ¥ 5 000 m
KK, BT AT BE B AN R 7 500~10 000 m 5 fiff i 22
TEL I R A~6 71, B H A R I AR AT B . (2)
AR ML R AK . A2 TR VO AR 48 L
A R RS BEAE L A R R S, R H A R B
KALK 4~6 h, SEBRA SR A 2 40 %, KTE R
i Sl 480 0 ) A A L (3) AR R A AR R . Bl
VRV A H OB AR IR O B RO O, K
AR Z TRIEAEE Ko (4285 AN T A & .
EALT N AN e K SR S
Fei e 4 RN 75 2 NPRALE S, A T3 4 A
Regl s o=,
1.2.2 HBHEFHE®G 2R M

1) 4 il A= 7 2R A . T8 R g il 2B 7 o B L
B % A AE BSR4 B S5 A 2R A
Jo K A 5 U A T 2 B R R AN AR Ak R
PRl R 7050 M B4V T T SR S B A 0
=i N U DS iR g e B I G o N 5 B NI SN |
Wi A A BLRBIE (N T 38 R R R T
Pl i 2B = RE B 249 6~12 4~ H

2) PR BB R o R T R 2 4,
g Wk Ve T L P-4 2 ) 22 ol A [m] A 399 A 00 S
il 9 Ak A7 G i), FL Bk B M OR 1 ) A L
B

3) N Ja o H AT, & e E R L
T8 3] % A 8 S R ER SCRY Y 5 2k 46 5 T 1A
FENC $2 it N 25 3557 15 5, H 8 01 o o B
JE L

AR TR, R SO BCE fF BT TS B 40
7SI QT S (=10 SN < DIV O £ L 1 i o 7 )
MIE o
1.2.3 A EEMey £ LFA

1) Gk = 4 R B Qi ek, R H g
E 328 7 B 25 i 4 /0 1 R A L Jn 2k 0 w2
b3 S A AT B S B N1y N R LB 67 = W (E B
L BETEFE S 24 200 m B9 PR B P LU & 2 R
FURE B2 HEAT HR I, JC V5 6 A2 AL A LA IE 5 A 3
FUCAT BT g /N4 0 B B A SR, % R R BRI
P AUET A E [ 2 A TR, R AL A AR R 7E 1 000 m
DL b o KR OG5 BE &5 1 4 PR R
B E I R A PR, B AR I TOK Bl 2 RE
TR BNEA K — FLIE B0 iR R T A T g B i
G I 2 20 m AN IRECIE e i 2 A &
PRI (1) 75 FL

2) B = SEF AL R . K IILAK i T

0 2 A Ak P AR A A 0 (AR TR A L
G T A A AR A D e A L AR
PR L Ak BEAT B A 5 T 1] ) P ol 22 55 A 00 £ 1l
By o R Ty 3 AR TE R R AR A R
0 X 0 R R A PR A S P SR

2 ZEMAREF mAEARRE AT Rt
L S51EA

21 EERES&
2.1.1 AR E

R 75T M B R OR O A U T 1
IS 11 ) 45 28 T v 0 s i R S i B HC Al A O Tl
P ok 4 ) 26 7 A R # SR GE AT IS 22 E 19 45
Fofr e Vg P15 7 o 91 o AR T A 7R 3 45 B ER SC
FU K IR 2 R 09 48 BT T TR ENC 48 o A
M, 2SR 7 b BT R OR 45 SR A BRI v
HHEAE B .

L 25 T M P R PR B 7 o e v ) 22
U160 5% G il AR G AR ™ R BT A OC [ B L
A 7 B BT e DR TIE A4 R, (E S 3k A7 7 G ) A= 7 S
WK By i N A PR IH A RS, i T 2™
i A F R BIE B R BRSNS 2= 1
[) A bb 5 5 4
2.1.2 HAz54%ER

=] s 1 =5 20 200 45 ] e v O e 350 11 W3 it 20
FE AL RUMCIE Y B3 I T e RS B R R
(T oA H2 B SR Ko i) i 47 25 IE A9 48 53 1 16 A ENC)
ANBEAE S M AR 58 (A BAAT DR 7 it o

FEZS PR BE 7 Al HOBRAE N AR AL AT 19 2 5 B
L ] 40 7E BAT B AS PR SR BT )
AR WCIE (4 70N B A8 RUTEE (1T fifk 8 A AT 1 B T
P AT 55 B PATIE O 55, Tk S AR AL AT 4
HBEFE A AT RE B AR
22 HSRESM
2.2.1 MEA B A

AV A R DR 7 i e R B
TE 2 F B 00 4 A AT TS A5 77 i, 490 i R R A TR S
i ER SCRRE L 0IE 3 B i 4R i 1 ENC
S o AR M, O S DR B 7 b i R OR 1 4F B ED
AW .

B 25TV Ml R A R OR I e R A K
WCTE 35 200 A% AT AR G [ B PN v R o R
R ZR o BUAR 2S5 (A RE A7 7 g o 2B 7 A 3D
B R4y NS B TH S ) R, EL T 5 ) A9 A0
TTRAMNA RERCHZRYOE Z RO iRaE 1



%551 &5 9l

NS AR CAT W A B = A R O IR [ AT 5

1921

WA BB B
222 A5

CR PR b N A2 408 20 ) D 0 22, %o 25
Ve b R A R R AT A R E SR AR B Y
T A VA PR R AN 0 A Y
B RAAT PR B 7= 49 T 4 SR R A VA a5
ER SCEY S it i 1F (14 48 5 i [ R ENC 451,

KA RASK 3B 75 15 T 1t T A5 1 7 o A S
FAMTAT W & AR R T R AT E A, —
PR RT Bl R AR AT % A . AL
DL AT, F 0 7R A 28 S I s0RS 0 11 BE A4 K e 5 32
W MR L A RUAE R S DR 3R R T 114 & AR K SR RD
HoAh 52 K SR AT
23 BRASREHE
2.3.1 WAL

% 25V P AR L IR R A0 2 A8 A 00
AT 30 A G PR — v LV 3 ) 06 Y i B A
BEUEAT A R S A BT AR AT Y I T B A B
BOHE o AR Hb | 02 DR B RCHE T SRR 0 £ AR
hy Wk 25V T T A R

W% 25 Vi b P AR L O I BCHE T R A 9 1 B
J2 U 000 JED LA /N U 3589 BT P KT b R B Y —
bl B, AT %00 L S LT AR R B A M A AR
Mo HHARECT B A B G RE R I = R
75 AAE AL T 0125 BRR FUE B B
2.3.2 ir5 kA

H 1% 25 1V 1 A S DR B O 1 AE 8 R
ST LLE Y BK 1R Ry — o 56 25 R 25 DR B 7

(1 T b ST, £ R B AL AT 2 4 b e %
YEH .

I 45 Vg 3 i L G % I KB T 5 o W A A
FIAAT AT X6 JEG D Rl g 8 T e A T b A
SR SR A HAT RO SRS o A R JC A A
It 5 R A5 I T R i A I T B A R R R A Y
LTS, A S7 | 5 B M AT A A0 AT AT TR R A
BRBEAT 55 o BN, Jovk UHCAR B 25 10 0 3t PRLAS
SR B RO 5 AT AT A 55 LA TS A 4 s i LA
LS AALAT S ATE 3500 b7 4 T A0

3 Z5MAREREBREE®

31 =5RmERE
P b, AT RE Y Rl A O SO AR RS 5 R AR
G EEEHBREMS SRS Bl TR
BHBARA LRI R RIHE B EM H B, 5
TR WOTE 2 A 1T (8] 5 ROE SR i 1 .
L AP AR A T 96 3 1t B A 8 — A Al PR S B AR
T8 IS 5 WA RA OR B A B S 5 RS Rl G R
311 Asbmimsmrm

DB R, DLEZRE T H 58T
T X R OO 28 R U TR ) 3k A v M B A B
FERI, 52 Rl A ARV TR A A AT R o g 3
PR A5 1 LT ] — 22 31 TV Sl Tk 285 0 3
PRAT L, DI 18000 — i i AR AL AT 20 25 V6V iy 2
FEARBERI . A SRR EA IR B R
FORNE 2 s R L SE, /5 S, 4
MHNE,

E E E

<|-

G &

S LS B

(a) & (b) & A A TR R (o) BEA S ARG PR RCR
PRI — SCRpisd:  + 5 H RN 5 X

&2

S35 B2 Rl A DR R B IR

Fig. 2 Schematic Diagram of Base State and Transient State Fusion Support



1922 ROBK 2 4 (fF B A D

2026 49 H

2) PR BRI e o AR e EOR ROIE = AR T R
T E R SE L MR RS R i BEAS
T L B P B L TR M 2 (O = By a4 /N Y
0 NS VR R 22 SR AR e AL ) 7 B A
— B A B CAHT B i, R R AR 38 7E 1 000 m LA
R B ) T R T 4 r A A AR 3R UG
EPSPIREIR B ey /R - 2 B2 S O T
TEMTAT i e v, — ELER I 2 S i 8 L A7 7 i ]
EORFRIR WAL, D T RE A A 4 4 ST A
Py I s 1] 80 S e 2L 5 1R A A AR, 7 AR
A5 AR B RE R 3 B B 6550 K R
ALAT 25 F B DL R B Je 72 7 e A BT T e
“Sed bOr R ZE b5 e T R AT 54T .

SIPRBEACR o 1M 2R W, o S 3R IR Sy 35
WESAE B SIS G B AT Rl G AL B, BEAE TE B =
TS PR B A B DL A R ke DR A R R T
CRGRE BN EPSEIE T o NIRRT P8R
1 afoR R A RS E B LTt
3T e IF A AFTE ALY (K 2(a) ) H A AR TE
AUAT o A v 3 T R AT Y I 2 9 At B
B Je)a BT R L LA P RS FEE PR
FRas B RS LY , O # B Yo e L7 R A BT T
R T R AT T 54T (K 2(b) .2(¢)) o

SR, RS % 07 S RE T R M AL AT L 2w
F AR W T HARE & R PrifE B A2 2 A 20) %
TR AAAAT 0 AU P B A 2 A VAR 1A Y SR, T

T 1 P9 M AR A 1 1 00 T AT T A B
BB
312 #HAELwAmbkRE

DB E . DL EZRIE T4 58 0i1T
TR DXL 20O 22 05 T v 1 ) A T v AT R R
A, SRS AT AR TR & L T T A E
PR A A5 Y & Bl — 2 3 [l v Sl 7 B3k 250 ¥ 3 b
BRAE B, AT J80 0 — i i A0 A0 AT 20 285 vV 2
FREARBERL . A S ARG R B AR R Ak
SN 3R, H A 255 1 3 4k e B i
LIEZ/

2) PRt A . an B 3 BT, B R £ R
U IE 58 i %) U PR e RRSHA 47 S LK SR A A 7
SO AS S BESE B G 188 Z 40 AR
HRB SRR G R AR 7 AR 2R

3V PR B R o % D7 58 T TR B A R B R Y
i b, 220 R AN AR A L R P v A R
IR AN T A [R] A, DA 1T B G b A2 R AR AT %
R U HORE R ST 837 R4 iR L H X
50 i R 2R 5 e A B, an BT 3(b) (3 (e) BR
T % 285 U 7 RS S SRR AR 4L e A
BT R A 5T R B T 58 R & B — A 1
W HEAT BT . A E T 2 fr s 9 5625 5 10 25 il
GOREE R TR S S R G R R AR
Rl 42 Bsf 2 TF B A O B b AR R Y A
P(E 3(a)), R AU B 4y

E E E
+ + <r-
+ + +
4 &
< S S

(a) s
I — SEpriiils

(b) B WAL O LA
+ T

(c) B A S B A AL 7 PRI
AR o DK

K3 B S S A R B R 2
Fig. 3 Schematic Diagram of New State and Transient State Fusion Support

7 S RETE T R AR AT % W E, BAT
A CE PR A2 A 20) 58 T AR AL AT 2 20 A
JH P I 2 S5 P 9 2R, TR R 23 O 5 2 1Y

P AL 10 P M PR S PR BRI HZOT R H
AT T M LT B () - (1) ik = 5 T A 00 D 25
TR A [ SRR L R () S S bk



%551 &5 9l

SLINAINEE AT AT I O P A L = S A A R [ ST 5 1923

785 T b LA BSR4k R AR RN B A
32 EBAEM
3.2.1 E M % T AT

H LR 4 B R0, AR A PN U B R
355 T DN 2 25 WF A 1 B AR K, B B /NI R A
A 1o G R S B v A R R K 3 SR
BB ZF R REFR bR R HE B FH 2 W R R 4, i 2
— ol AT T I ) A 5 O AR A W A VA B R 8
L PRI B . AR, 5 SR U 2 6 9 A 2 1)
J7 2, A 2 A7 A6 R I BE B R e U R M RO
3P AR, Tk T A2 A AN B 2 T B 0 R A
XoF ] [ 0% 0 ]I 2 Vi A R A ) A
{FL Hy A A0 22 4 /N B JE N RV EE & F 2 0 R R
G5 20 B RS UV b B ER B L R I A% B 0 T A
R0 IR 3 2 ) S

H AT, P 4N AL JE A 4R 8 B AR
2 A JE T ] BOR 1 BTEE R A L A = U CS40P
R AR A5 o AR S . (HAEE & HZ IR &
G )@ T — B AS [ 3 3 i 0 1R Y &2 O R
e B, TR I 2 T T b R PR L R N R ()
TSR A, T AR A AR A T X I A T b A
PR R ) R R SR R A L B A A T
3.2.2 @MERMHFITA

= L [ % G ff 76 fE A0 00 AT o AR bR S )
Wk 25 VAR YA b, 38 B 35 000 DR 0 i YAk B RS A
TR 5 B, LA Je i = 2SR v e B B
FH AL AT Bl B U SR A Th RE E AT A F T & o o,
W 25 Vg A b B B R U0 DA s 50 Ak L, O 2
H b 2 38 e 45 25 e S 2 0 4% 000 4 A5 1) 96 R v
T Hb B A 05 T 4R KON A A N D D L I R A
A A5 3] 1% 25V R B ER B4 0 B i
WU S 4 e, =2 H AR 2 AN TR g AR
TR A5 R DA I 25 T T b B B85 5 0 K5 Al o R
S BT VR LT K TR A S R KT B
U 5 4 B, 75 31 Bk 25 06 v M AR B B T
ARV VE L BEAE EL O AL A T R B Dok,
T EH b e kR A T P A SR R
d (AN Pk IE 28 B B9 ENC) 15 15 25 76 1 b 28 45 8,
B vy ml G R A S N Sy SR TE R 28 5
DU 0 7 B A= K Bl Az g M RE L KU I i
PR 2R 5% Wl 1) B 738 7K Sl G Al 52 3 oKk S AT 22 4
P BE AR RS SRR

4 & iF

ASSCAR T — AR A AT T B =

Al PR BT S, B S A B S RS B
HIE B S5 B 58 05 B0 SEmE Bl & A R0tk

!

BAT PR 7 38 R AFTE B N 2 A AN 08 X —
L SIR) T, Oy — A5 4 v A A LA T % A ik f it —
ol 3 S8 3%

ST, A SR AR 4598 (1) AR A AT
I M P B PR R R ATS A A RS R S I OFS
) 7 5 PR/ D0 SR AR A 5 o AR
A PR RRCRAR R B A A R R
A L HR AR R SE I RN A B RE R R A ]
o (2) BUAT 1 5 B4 LR 25 10 7 B A B8 Y
FLAT P B T BE TG vk 4 3L % 25 The v L B 8, AN
TE A28 S K 0 iy B A K e 52 W R LB
DR A i R 3R 52 W) F) B A AR, DL R H Al 52 2 K
SRATAT , ATH TG 1 58 4 ol G R fE Ak AfR A R 5
KRG A (3) =Rl & IR B AL 6 228 S B A
il DR e LR 25 15 10 2 il DR B, A R 7 S Y e
T3 AR AR A5 0 A AR R AT R R R
T T 2515 W 25 Rl DR B 7 3R 5 BT 3k R —
B, S — b AR G £ B 7 %€ o (4) F R S T
AR 11 T 00 £ I 25 9 9 St T P S5 R N0 2 %, O
Jo Z AR A KOS ALAT B P SRR R S B
FIR A A A R = A A R R ) Al S
P X LR T — B B A IE S Y A

ARG SOR W B REFUAT % 42 10 o 3R A5
SRR N A E 5 B B W A e — E 1 3L
A DRI SC A e B 114 S S RO e 2 3 o P
FEACE FH B0, [ RE ] by A5 2808 T T E SO0 A T 96 1
HAE SRR FBE RS %

2 % x #

[1] People’s Daily. Rescue Efforts for Ferry Accident
Victims Continue in Greece[ N/OL]. People’s Daily,
(2000-09-29) [2025-06.12]. https://en. people.
cn/english/200009/29/print20000929 _51515. html.

(2] 5K% . Ha 435 ROMF il 1 0 ORI 18T 0IE 5 4k i 1
EEELT] AR, 2019(3) . 78-81
ZHANG Jun. Discussion on Nautical Chart Correc-
tion and Route Design Control Based on Jintang
Bridge Collision Accident[J]. Navigation Technolo-
gy, 2019(3):78-81

[3] Star-Bulletin Honolulu. Navy Divers Work on Re-
pairing Coral Reef [N/OL]. Star-Bulletin Honolu-
lu, (2009-05-21) [2025-03-14]. https://archives.
starbulletin. com/content/20090517 _navy _divers.

[4] BREWIN B. How a Misplaced Reef on a Digital
Chart Helped Destroy a Navy Minesweeper [EB/



1924 BB R (BB RO 2026 49 H
OL]. (2013-08-05) [2025-08-15]. https://www. forms.
nextgov. com/digital-government/2013/08/how—mispalced [14] sk%Z R, sk fe, s, 5 . i & & R B 5 4

[5]

[6]

[7]

(8]

[10]

[11]

[12]

[13]

placed-reef-digital-chart-destroyed—navy—minesweeper.
Splash247. Kerala Sues MSC for $1. 1Bn over En-
vironmental Disaster Caused by Sinking of 28-Year-
Old Boxship [N/OL]. Seasnews, (2025-07-09)
[2026-01-15]. https://seasnews. net/kerala—sues-
msc—for-1-1bn-over—environmental-disaster—caused—
by-sinking-of-28-year-old-boxship/.

AR AL (M ]. 2. B IR
R, 2023.
ZHAO Jianhu.
Charting [M ].
Press, 2023.
SR R A (ML e st BhaE i RA, 2013,
ZHOU Li. Marine Surveying[ M ]. Beijing: Science
Press, 2013.

VAT, 24, B0, 45 . A BRI IR TR R Al
RS R REAT] RSO R B R
M), 2022, 47(10): 1555-1567.

SUN Heping, LI Qiangian, BAO Lifeng, et al.
Progress and Development Trend of Global Refined

Modern Marine Surveying and

2nd ed. Wuhan: Wuhan University

Seafloor Topography Modeling [J]. Geomatics and
Information Science of Wuhan University, 2022, 47
(10): 1555-1567.

BEGH, Wk . R OR BT R S R
[J]. M%:%4, 2017, 46(10) : 1752-1759.

ZHAI Guojun, HUANG Motao. The Review of
Development of Marine Surveying Technology [J].
Acta Geodaetica et Cartographica Sinica, 2017, 46
(10): 1752-1759.

BE R, B2, BRAORR . 3R v I 2 BT T 0
[J]. WgFEmiZ:, 2018, 38(4): 1-10.

SHEN Jiashuang, GE Zhongxiao, CHEN Chang-
lin. Research Progress of China’s Hydrographic
Surveying and Charting[J]. Hydrographic Surveying
and Charting, 2018, 38(4): 1-10.

YUANSY, LTIY, BAOF W, et al. Marine Envi-
ronmental Monitoring with Unmanned Vehicle Plat-
forms: Present Applications and Future Prospects
[J]. Science of the Total Environment, 2023, 858:
159741.

MAYER L. Uncrewed Surface Systems Facilitating
The In-
ternational Hydrographic Review, 2023, 29 (1) :
42-55.

HAMILTON T, REDMAYNE M. A Classifica-
tion of Survey Platforms [EB/OL]J. (2023-3-24)
[2026-02-09]. https://www. hydro-international.

com/content/article/a—classification-of-survey-plat -

a New Era of Global Ocean Exploration[J].

[16]

[(17]

[18]

[19]

[23]

ARIMI. BB RBORZ: i, 2022,

ZHANG An’'min, ZHANG Lihua, GUO Bofeng, et
al. Oceanic Surveying and Mapping [M]. Wuhan:
Wuhan University Press, 2022.

PREHR, JH g, B ur, &5 . i T =X A
IR IR AR e ok g 7 i [T, ROUR % 24 (fF &
BH#MR) L 2020, 45(3) : 325-330.

CHEN Changlin, ZHOU Chenghu, YANG Guan-
yan, et al.
Chart and Its Realization[J].
mation Science of Wuhan University, 2020, 45(3) :
325-330.

Rt AR, RS, PIEEEL . — Ak % B R R AR
FERETELT]. RN, 2020, 40(4) : 47-51.

CUI Hongsheng, TAN Jichuan, HE Guimin. Re-

Open Portrayal Model for Electronic

Geomatics and Infor-

search on Integrative Thematic Chart Cartography
and Production [J]. Hydrographic Surveying and
Charting, 2020, 40(4): 47-51.

International Hydrographic Organization. S-578&.S-
100 Electronic Chart Update Specification(ER Docu-
ment) [ R]. Monaco: International Hydrographic Or-
ganization, 2019.

THOMSON K. A Case Study of the Production of
An S-57 ENC with CARIS Tools[R/OL]. (2023~
03-02)[2025-07-04]. https://unbscholar. lib. unb.
ca/items/aa36dbc1-9949-496{-a8b3-1bc94a2ed55.
ELGAR P, SAESTAD B K. The 101 on S-100:
What You Need to Know About Maritime’s Big Data
Transformation[ EB/OL]. (2023-01-13)[2025-08~
15]. https://www. navtor. com/post/the-101-on-
s—100-what-you—need-to-know—-about-maritime—s—
big-data—transformation.

UK Hydrographic Office. S-101: The Next Genera-
tion of Electronic Navigational Charts [EB/OL].
(2025-02-25) [ 2026-02-06]. https://www. admi-
ralty. co. uk/news/s-101-next-generation—electronic—
navigational-charts—encs.

Teledyne CARIS. CARIS HPD—Advanced Chart
Production for Hydrographic Offices [EB/OL].
(2025-06-25) [2026-01-06].
dynecaris. com/en/products/chart-production/hpd.
Dkart. Dkart Evolution: Main Features [ EB/OL].
(2026-01-24) [2026-02-05]. https://dkart. fi/arti-

cles/dkart-evolution-main—features—en.

https://www. tele-

Brazilian Navy Hydrographic Center.  Brazil

Achieves a Milestone in Digital Nautical Cartography
with the Production of Its First S-101 ENC[J/OL].
Hydro International, (2025-09-03) [2026-02-06].



%551 &5 9l

SZINAIAE - AR AT U T 3 B A R

= ARG DR B ] REE 5T 1925

[25]

[28]

[29]

[30]

[32]

https://www. hydro-international. com/content/ar-
ticle/brazil-achieves—a—milestone-in-digital-nautial-
cartography—with—-the—production-of-its—first-s-101
—enc.

R, IR, O . 2P ARG P 98 BRI 5
PERELT]. FEHEAR, 2013, 32(2): 73-80.

LI Haisen, ZHOU Tian, XU Chao. New Develop-
ments on the Technology of Multibeam Bathymetric
Sonar [J]. 2013, 32 (2) :
73-80.

XS, XVEREE, JEMEAR, S — T T A Y
9 H BRI S BR R ek LT ] AR 2R R, 2021,
43(21): 143-148.

LIU Haobo, LIU Tiejun, WANG Hailin, et al. A
Target Detection and Tracking Method Based on

Technical Acoustics ,

Forward Looking Sonar[J]. Ship Science and Tech-
nology, 2021, 43(21): 143-148.

Seabed 2030 Consortium. Global Seabed Mapping
Reaches New Milestone [ EB/OL]. (2026-04-20)
[2026-04-27]. https://seabed2030. org.

The Nippon Foundation. Global Ship Survey Track
Map of Seabed 2030 [EB/OL]J. (2025-06-21)
[2025-10-23]. https://en. nippon—foundation. or.
jp/what/projects/ocean/nf-gebco—seabed 2030

BRBH K B, B, 2225 IR K A 2 R Al 249 3 5
A AT W2y, 2021,41(3) :1-5.

OUYANG Yongzhong, LU Kai, LI Jun. Operation
Constraints and Cost Analysis of Deep—Water
Acoustic Survey [J]. Hydrographic Surveying and
Charting ,2021,41(3) : 1-5.

KAZEMI A H. Cost and Efficiency Analysis of Con-
ventional Shipborne Multibeam Hydrographic Survey
[J]. International Hydrographic Review, 2025(2) :
41-48.

M, TRE, #E, 5 B REGIEIM]L
s M2z R A, 2021,

PENG Rencan, YU Caixia, DONG Jian, et al.
Digital Chart Cartography[ M ]. Beijing: Sino Maps
Press, 2021.

Hss, 4, DEK, & pEIEBEHE-BH
Dish R ELT]. M2 i FRAE B, 2022, 47(1): 36-
40.

BAT Tingying, SANG Jin, WEI Guobing, et al.
The History and Development of China’ s Maritime
Nautical Books[J]. Journal of Geomatics, 2022, 47
(1): 36-40.

Wrds . v A P 5 BOR BT S AT R G B B AR B

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

FEERLT]. AT, 2025, 48(S1): 202-208.
CHEN Lei. Research and Application of Key Tech-
nology of Digital Distribution Platform for China
Maritime Nautical Publications [J]. Navigation of
China, 2025, 48(S1): 202-208.

THO.
Specification: Ed 3.1.0[S]. Monaco: International

S-65: Electronic Nautical Chart Production

Hydrographic Organization, 2026. .

NOAA. Production Cycle and Update Mechanism
of Admiralty Nautical Charts[ R]. Washington:U. S.
National Ocean Service, 2024.

FELLR, AREE A, XFSC, A M O R Ik
PRI eh UKL Wy i 4% B )L T ). 6 2A 4, 2022,
42(12): 1200001.

TANG Junwu, ZHU Peizhi, LIU Bingyi, et al. Po-
larized Light Scattering of Particulate Matter in De-
tection of Oceanographic Profiling LIDAR[J]. Acta
Optica Sinica, 2022, 42(12): 1200001.
VORI, AT, A MLEOOE IR BOR K
RELT]. s E#OE, 2024, 51(11): 1101016,

HE Yan, TAO Bangyi, YU lJiayong, et al. De-
velopment of Airborne LiDAR Bathymetric Tech-
nology and Application [J]. Chinese Journal of La-
sers, 2024, 51(11): 1101016.

BERA, kA, ETF, F L WIS E R R
FERRLT]. WRETT R S, 2018, 35(6): 91-94.
LU Xiaolei, ZHANG Liting, WANG Fang, et al.
Summary of Submarine Acoustic Detection Tech-
nology and Equipment[J].
Management, 2018, 35(6): 91-94.

GALCERAN E, DJAPIC V, CARRERAS M, et
al. A Real-Time Underwater Object Detection Al-

Ocean Development and

gorithm for Multibeam Forward Looking Sonar[J].
IFAC Proceedings Volumes, 2012, 45(5): 306-311.
IMO. SOLAS Chapter V Safety of Navigation[ S].
London: International Maritime Organization, 2022.
BORAS, TRET, BAE, AL MRAR B AT OB
AT IR S B LT]. b E LA B 58, 2021, 16
(1): 32-44.

LI Yongjie, ZHANG Rui, WEI Muheng, et al.
State-of-the-Art Research and Prospects of Key
Technologies for Ship Autonomous Navigation[J].
Chinese Journal of Ship Research, 2021, 16 (1) :
32-44.
IMO. SOLAS V/19 Carriage Requirements for
Navigational Charts and Publications [S]. London:

International Maritime Organization, 2023.



