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Chart of the Oceans), SRTM( The Shuttle Radar Topo-
graphy Mission) %5 7, 1% $650 4f5 42 Ay 27 AH S i 57 42
Bt BB SR, A BRI BE A AR I L A% X
G I 45 22 07 T 2 S, ) 22 v e 8 507 /K TR AR 2 T
WIME . WAL, 52 8 ) F e TR BUE 5 B R R,
JELIS ] A T i e b B g RS T RS RO T ) S
W OMAE B SR, 3 DBMs 77 0 BT S 2
[i] 73 3 AR (5 9 24 500 m), LA RE VA 161 B ) I it
JEE HBTE A FEAE 100 m DL 00, Rk, 7843 R 2 JE K
GEHE A1 DBMs 7 fi HLAMIE 3, B S A A 42 3k
e T UK R R Sy O, C A A T T
T AR, T T I R AR G O T R O iR R
2 B 1) “Remove-Restore™ 2% , 1| F 22 {8 M 4% 1K 52 ) ¥4
B 3 R A, S B RS AL NS s AL T Y F
T Ik, A 0 Ry L AR 0 R T R Y < O
flG 7 A 22 () RS g L T DK IR 5 8
TR i, IO T BN 250, 18 52 2510 X s
ST PRI HLIE , DT OR BR T IR MR P AE, © 2 A
7R A IR RUBE Ry 23 BT S P 9 0 B Mg
By K GRRL 7 5 RS B BIE Y 5 il b DEM( Digital
elevation model) 25 b1, F4¢ I Jit 3 AT 43 hy 450 56 35 il 5
Mg Rk fil G | 25 MRl SF e, Hor, BT
SUIMACE- Y77 85, MR 54T BOR m, HAaE 8O-,
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Fig. 1 a. Study area ; b. distribution of bathymetry data
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Note: The map is produced based on the standard map with review number GS (2019) 1822 downloaded from the website of the Standard Map Service of the

Ministry of Natural Resources of the People’s Republic of China, with no modifications to the base map
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html), 2% 504 22 9 T 4 3RS LN A [R5 ALAA 7Y
SEMZK R R . AR SCEREL 1950 4 245 A TR ER
A0 ERL (22 ) I o ) R S Al , A 43 A B 1b B
TR o M TR B 2 I RS I RSN A3 A D, A
S {68 FH A B 3 2 SR RS I TR R

TR R by 0 P81 22 1 — A 00 3, o DAV T R 22 %)
Z LA, MR R AR IR . SR IRER | I I Hb T 4,
AT S LA TR SRR TR L MR R
RGBS . AR T3 K] (Electronic Navigational
Charts, i FKk “ENCs”) 132 B 7K RABLAF b 1 2 £ NCEI
i 7K TR S O (AR FE . 1% ENCs 3040 ¥ F/ THO 8-57
Feg AT WS A S, 0 5 6] s ¥ 0 2 2H 2 (THO )

TAAIE . LN IR 55 45 16 4 T W 4 =) (CNHO) #24X
1 B e 55 g £ 3t G- 1D 2R 0 D WGS-84 A8 AR &
4e, KT HEEAE 100 m L%, LI R Ry 1025 7, 3t
TH27 W, Bl oA i 1o s
2.3 DBMs #iE5&%

TEHL 6 FiAN Rl 43 F8 | AR [A AR ) 5 H] DBMs 7= i
VB il G B U, FE s ] 43 B s Tl ] L s )
e B R U5 A A5 8 LR 1, AL B AR 1Y 45 B
2 iR . Hidr, TOPO $& Global Seafloor Topographys;
DTU 3§ Technical University of Denmark; ETOPO $§
Earth Topography; MSL & Mean Sea Level (SF- 343 [fif );
SIO #§ Scripps Institution of Oceanography.

%=1 DBMs HIEER

Table 1 An overview of DBMs datasets
EiTH S O HBWIE ER SPEER 23 (B3 TRV BT F R LieiTE Sl
GEBCO_2022 2022 The Nippon UK-Japan 15”7 179°59'52.5"W~0° WGS84 MSL https://download.gebco.net/
Foundation- 179° 59'52.5"E;
GEBCO 89°59'52.5"N~
89°59'52.5"S
SRTM30 PLUS 2014 SIO USA 30" £4JF180°~0°~180° WGS84 MSL  https://topex.ucsd.edu/pub/srtm30_plus/srtm30/grd/
90°N~90°S
SRTM15_V2.5.5 2023 SIO USA 15" #:J%180°~0°~180°, WGS84 MSL https://topex.ucsd.edu/pub/srtm15_plus/
90°N~90°S
TOPO_25.1 2023 SIO USA 1" Z%180°~0°~180° WGS84 MSL https://topex.ucsd.edu/pub/global_topo_1min/
90°N~90°S
DTU10 2010 DTU Space Denmark 1" Z180°~0°~180° WGS84 MSL https:/ftp.space.dtu.dk/pub/DTU10/1_MIN/
90°N~90°S
ETOPO_2022 2023 NCEI USA 15" £:J#180°~0°~180°; WGS84 MSL https://www.ncei.noaa.gov/products/etopo-
90°N~90°S global-relief-model/

HrHr, GEBCO_2022 ¥4 fiti )& the Nippon Founda-
tion-GEBCO Seabed 2030 11X (1955 4 A fiAs, Jaih 32 22
K5 T SRTM15_PLUS, S8t DX 38 55 4 1 77 45 Y 7y
fifi 1, i 5 GEBCO_2022 Xt ¥ Ji i JE2 B4 4 T i 4005
SRTMI15_V2.5.51C 5% 1 3422 5 %7 Jits W () 7K At 328
2, H 15"y BER T B R AR R AT 11%; SRTM30_
PLUS 43 %8 3 K 30", JiE v K B8 43 1 CryoSat-2 1
Jason-1 T Jj 50 7Y Jz y 45 2], I F FH 2.98 424 T IR 5L
a0 5 7 5 H B B FO AR #E 174 GE s TOPO_25.1 455 A fil
4 T Cryosat-2, Jason-1 1 Envisat £ T2 I = £ 4%,
A V29 4R ) SR R R AR R, U BER Y
W 7 HE 475 . DTUL0 2% By ERS-1. GEOSAT % T2
B BT E ) SR RO B, 42 L GEBCO 1 £
a4, R AFAE G 22, 6 IS b TP ) 36 3K AN 08 3
W, AT TE b SRR S B B AR 43 4 . ETOPO_2022
K HI T 5B I ICESat-2 %5408 A0 H A B00a0 5, JHEAE S
CIWIE S A SN PN G SN E o v 3 = ]

Hele . IR VK AP AE A Bl E 1
3 TEEHSER

JLFr A ) DBMs #Je: TR B 005 B (D e
ol Tl B B SR ) S A B, A [ A8 IR X A
TERIE R BRI B iR 22 | 22 W ROR 22 5 N
R, HAL TSR DG BE AN 2, 5] it 12 B a0
ANGEE DX BLE 20 fr e HIAY 6 1~ DBMs 2% A Lt s, A
7] X358 11 St AN AR ], DR A a0 B X R 2 A i
aMLAE . &S, bR B R AT AL B, AL
A% AR e . P T AR AR UK IR FEMEGE — | 0 HE R G
— BRI e A D B SRS, X DBMs HEAT 5 TR
o3 DXAY ALl , 045 #8230 R 23 DXL BRI L
PUEE | o DXIIAL Rl | Fil 5 RS R i Ak R A% i, XA
Rl 85 BT Z VAL . BORTRAR NI 3 PR .
3.1 HEwaE

(1) WA A A Hhe
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2 fiff5¥ X DBMs. a. GEBCO_2022; b. SRTM30_PLUS; c¢. SRTM15_V2.5.5; d. TOPO_25.1; . DTU10; f. ETOPO_2022
Fig.2 DBMs in the study area. a. GEBCO_2022; b. SRTM30_PLUS; c. SRTM15 V2.5.5;d. TOPO _25.1; e. DTU10;
f. ETOPO_2022

NCEI 4= BR 15 7 A 70 b 3K 9 3 5 4R 040 LA M77T
7 AEAH, AL ASCIL SCAHS =0 1 TR B s, ks =X
LG bR O S AR IE S . Ho, ARie SR A
E AN G 1 TC B, B E S B AR S LA Y 1D
O H L X IR KR DA B 2 2 A AR . AR SCR
i A il & T. B GMT( Generic Mapping Tools) & ¥ i
MGD7/MGD77T #55e, ¥ M77T # 28 5 I R $ s A F
4ok XYZ ASCI 4l % 507

() Ba R\ G —
B R A 8 — AL P 1 AL s | R IRFEMELL K o)
ARG —

23 (] R U 08 8 — A 435 7K1 Al o 56 o F 2 B R U
45— . A< 3CHF Safe Software {44 1 i) FME (4
% 2 % 45 B ( Feature Manipulation Engine), ¥ NCEI
I A TR AR 1 7K BE U % 4l WGS-84 iR 2, [
Ao K5 B39 %% 8 A Essri shapefile SCUEA% =X, 3 5 34 HE N
R (MSL). [AlAE, S-57 % X Y Fe 1 [ )t iy
B4 %% N Esri shapefile /%2,

WAk, 6 ol AR 77 i B HE 28 BN M R A 4
netCDF ., GeoTiff, Esri ASCII S5 A& 28 AY, AR SOF H 48
— N GeoTiff #%3X, 37452 & Asia_ North Albers Equal
Area_Conic 5 I AL IR R . 5 B EIAIF 58 R G it

A B AR 7™ il i i 25 (8] 72 B R O 15" (£ 450 m),
RS HITTRE 6 45" i 2 (] 23 R G — 2 157, MR

HE B A R (75 (IDW)H4 73 B 1A 30" 858 ™ i
Sy PR 1570 MK R 81 0 SRR T BE e /D AS 2
1 m, 25 (8] 20350 1, 7 B JEL A I 7K TR A AT A% 1
A, AR KRR (157x 15" )AL I — S K RAH
— AR AR AE 2 0, TR A FH 2 A K IR S
PEACHES . Zad PUALFR Y 6 A KT b & 2 R o
(3) B HETH Uk
Sy A AT AL 2 45 o Al 345 SR (R B ), AR SR )
WA N 5 T 19 K T b Z — SRTM30_PLUS %4 4%
SRIKTRABANE Ry 228 55 A5, e 18] s ¥ 38 0 5 4 4 THO S-
44 55 5 WU K RILE B BR JE A (corr_= null, B¥ corr_ =
0 m), IFHR 4 pauta 7 W XF B A B SO0 R B 17 57
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Fig.3 The model fusion framework

WAL AR, HAK T i 2% SRTM30_PLUS £X
it 4 o 0 AR 7 e RO, RS BR 8 860 AN K IR S A
T b 315 R W 1b s

Sk 55 IE A B S ) NCET i i 7K PR &5 48 7T 58 1, #4
7 NCEI #iil /K R4 5 6 41~ DBMs /K IR (E s 2
Ji] — — XoF 17 19 25 [ A S 0 B (35 2), 45 SR B A ¢ &

BB T 1, Bl JLRR RS U5 B A A AR R 1 R
TRAR M i — 2, TE MO K BR B 5 0 R B A2 A
S 1Y DX Sl AT 2 T4 (B 57 K TR A I, 00 FH A 0
TR B 7K RAE AT — B ME 39k, 25 R an &l 4 B
N, W LA BT, M OC R EGRF 0.99, UEWI AL RS Y
NCEI iy I 4 H A7 — 5 o] Sk i — Bk .

2 NCEI itk R # 4R 5 DBMs #) = 8148 X 55 BE
Table 2 The spatial correlation matrix between NCEI ship-measured bathymetry data and DBMs
RN AR GEBCO 2022 SRTM30_PLUS SRTMI15 V2.5.5 TOPO 25.1 DTU10 ETOPO 2022

K 1 0.999 0 0.998 6 0.999 0 0.998 0 0.992 0 0.999 0
GEBCO_2022 0.999 0 1 0.999 3 0.999 6 0.998 6 0.992 5 0.999 8
SRTM30_PLUS 0.998 6 0.999 3 1 0.999 2 0.999 1 0.992 8 0.999 1
SRTM15_V2.5.5 0.999 0 0.999 6 0.999 2 1 0.998 7 0.992 4 0.999 6
TOPO _25.1 0.998 0 0.998 6 0.999 1 0.998 7 1 0.993 3 0.998 5
DTU10 0.9920 0.992 5 0.992 8 0.992 4 0.993 3 1 0.992 4

ETOPO_2022 0.999 0 0.999 8 0.999 1 0.999 6 0.998 5 0.992 4 1

32 HIEmE

T 5, W BE T S K BB % b [ T i DBMs i
A7 AT SRR AE FVEPEAS ; SR 05, BT K K B R0 T 4 AT
XPBIF5E X AT 43 R 43 X, IF 3 B A DBMs 7= i iff
AT B AR AL Rl G5 B, X Rl G 25 S A7 S0 I {H PR
BV s A R A, 15 B R 4R RS DBM(A 3),

(1) #bIE 3 FIF0 53 X

WEE B, ) KGR S8R 2 5 b P ARk g B2 A

K, G X B T L XS, DR, DI R A [ B8
X 5 AR B TR, AT 6 RIS X R AT Ao
DX o AR SO T K TR U B AR JEE MU TR A, i 22 RO
oy E E FR AL UK, T IE R R BTG, 315
AR RBES BT X RN T4 R0 58 05 22, VAR
T8 7 2 A2 A A B KA T AR L 9 23 1) RUBE by e L R
AT R IE 73 51368 52 A B9 43 Jo P 0 Xk 52 ] 14 S5 T 4 24
B R . T ZORESE XCRE 5 A BT IX B, &5
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Fig. 4 Reliability verification of NCEI ship-measured
bathymetry data
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Fig. 5 The segmentation and partitioning results

SR B K IR(E IR 22 04
MAE:%E:ML (1)

1 — >
SD:M;Z:l:(e,-—e), (2)

Iy e, (3)

K, e MR LG DBMs 197K TR 5 58 TN B 08 /K TR AR
BN e MR ZEWE; n A S 5T S K
TRAE B

ILAbh, R Y 72 R & AF DBMs /K IR {H 5 52
T K GRAE A A R, REAY (B AR BE AT 1, TR0 — 35 (4l
AR RS

RMSE =

>

-
> -y

K, d, iR DBMSs (97K R (E ; 228 )R i DBMs 197K
V418 .

(3) 43 XM AL il

A il 5 2 — o 17 LS T A 5 7 25, T LAAD o)
J5 i DBM H g g R 19 A SC DL R /iR 22 (RMSE) 28
YT, B 7 B 43 DX o il R ) 5 P 5 AL
o 38 Ry AE S L E 22 S KR I R DAL
{8, PR MECE 3, A a6 25 8, Bikab
BWE 6 frn

Bathymetry, = DBM, x w; + DBM, X (1 —w;), (5)
X 11, DBM, 1 DBM, 43 5l by F+f il 5 85 5 7K DR 455 7Y
w; ;) DBM, X i () fill 5 A% E ; Bathymetry, 2 28 33 fil AL
il BT R TRABE R K TR 25 L 5 W9 IX 43 XA 43 T
ZR WL 3,

(4) Fl 5 1AL 5 b 2

AN [F] DBMs TE7K TR 73 F i FL b i A 22 5, 5 2
HREAMESE AN 25 (1, O 1R 5T A B RS 7
A BT AT 5w (AR | 11 8 5 S A B,
I AR SR — o S T R S R IR ) A SR
ARFRTT s R TR DX SISO 32 Ay Y SR R
KRB, £ 1) “Remove-Restore” J5 Ab 2 J7 2% 3 A
T2 Y, $i M JE A SO R B RN T B G Y 3
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A S I S5 A A R DU AR R, 5l B R A T 4 i AT A
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Fig. 6 The selection steps for the optimal fusion weights

*3 mRMANESER
Table 3 Distribution table for the optimal fusion weights

RMSE(m) BEC
KB /m
A fE e GEBCO_2022 ETOPO_2022 SRTMI15 V2.5.5

0~-200 20.324 20.130 0.1 0.9 0

—200~-500 61.327 61.325 0.1 0.9 0

-500~-2 000 70.394 69.563 0.1 0.9 0
—2 000~—4 000 90.683 84.767 0.5 0 0.5

—4 000~-8 000 78.804 78.730 0.2 0.8 0

OFIH B #RA8 I8 ¥4 Esri shapefile 14 4% 28 52 00 54 4 5%
R 15" % 15" 53 R A RLIUIAR 19 F% AR Rl 5 B8
A XoF I A, A R K S S AR R 1 S s B4R
BUREAMER R G R 3x3 B 1 R/ &B5oRh T 8, 3158

e A

R
WE A LA

WIRAR R G PO BRI B 22, A 2R T 3 A5 b5
122, DA 2 Hh O A5 2RI S B A (57t 3 D) @A)
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Fig. 7 Post-processing of model fusion
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Digital bathymetric model fusion of offshore waters around China’s coast-
line based on global bathymetry data

Ruan Xiaoguang?, Zhan Zhaojie', Yan Zhaojin®, Tan Qiuying’, Guo Meijing’, Yang Yang'

(1. College of Geomatics, Zhejiang University of Water Resources and Electric Power, Hangzhou 310018, China; 2. Nanxun Innovation In-
stitute, Zhejiang University of Water Resources and Electric Power, Hangzhou 310018, China; 3. School of Resources and Geosciences,
China University of Mining and Technology, Xuzhou 221116, China; 4. Zhejiang Highway Technicians College, Hangzhou 311300, China;
5. The Academy of Digital China, Fuzhou University, Fuzhou 350108, China)

Abstract: Digital bathymetric models (DBMs) are important basic geographic information data in the fields of off-
shore engineering construction, resource development, environmental protection and so on. The existing global pub-
lic DBMs products such as GEBCO (The General Bathymetric Chart of the Oceans), SRTM (The Shuttle Radar To-
pography Mission) and ETOPO (Earth Topography) have different data types, data sources and product accuracy in
different sea areas. In order to reconstruct China’s offshore bathymetric model using global bathymetric data and
DBMs products, this paper proposed a weighted fusion reconstruction framework based on bathymetric partition.
Firstly, the reliability and applicability of six commonly used DBMs products (GEBCO 2022, SRTM30 PLUS,
SRTM15_V2.5.5, TOPO 25.1, DTU10, ETOPO_2022) were compared and analyzed in five dimensions (overall ac-
curacy, different water depths, route profiles, geographical partitions, local details). Then, considering the bathy-
metric and topographic characteristics, the study area was segmented and partitioned, and the optimal DBMs
products in the partition were selected, and the optimal weighted fusion was carried out with the minimum error as
the constraint. Finally, the fusion results were processed by measured value recovery, smooth filtering and other
post-processing to form a high-precision seamless bathymetric model with 15" resolution in offshore waters around
China’s coastline. The results showed that the RMSE of the fusion results was reduced by 27%, 14%, 14% and 13%
compared with SRTM30 PLUS, GEBCO 2022, SRTM15 V2.5.5 and ETOPO_ 2022, and the details of the topo-
grahy were also retained. The feasibility of the fusion framework was proved, which could provide a reference for

the fusion reconstruction and timely updating of large-scale seabed topography from multiple datasets.
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