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Abstract

The paper first analyzes the particularity and difficulties of topographic and geomorphological
surveying and mapping island reefs and surrounding waters in the South China Sea: islands and
reefs are far away from the mainland, highly dispersed, lack of surveying and mapping datum in-
formation, complex and special coral reef landforms, dramatic changes in topography and water
depth, and complex surrounding geopolitical environment. The key technologies and progress of
topographic survey of offshore islands and reefs are summarized. This paper introduces a “Space-
Sky-Land-Sea” integrated three-dimensional observation technology system of water and land
terrain. The system integrates the technical advantages of different water and land terrain detec-
tion methods, optimizes the combination mode of detection methods, and integrates the unmanned
ship-borne multi-beam sounding system, laser scanning measurement system, UAV measurement
system and satellite multi-spectral remote sensing measurement to achieve high-precision, full-
coverage, integrated and three-dimensional mapping of islands and reefs far from the mainland
and surrounding sea areas. This surveying and mapping operation mode can greatly improve the
efficiency of far-sea surveying and mapping, which is of great significance for safeguarding nation-
al maritime rights and interests and the acquisition of accurate far-sea island and reef geographic
information urgently needed for the economic development of the South China Sea, as well as
strengthening the environmental support capacity of the sea battlefield.
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Figure 1. The geological and geomorphic model for coral reefs in South China Sea [14]
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Figure 2. The zoning map of coral reefs and surrounding waters

in the South China Sea
2. EERERELSEIXTER

SRR
s
h 4 X \ 4
Sl =S LR
RS RS W R
h 4 h 4
el Bl | A
SRS ST
K
BB AT

Figure 3. Land-sea-air-space integrated measurement system
integration diagram
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Figure 4. Flow chart of multi-spectral remote sensing water depth
inversion based on neural network model

B 4. ETHEMEREN S SEBERKR RERIZE

DOI: 10.12677/ams.2023.104024 240 PR EERTI


https://doi.org/10.12677/ams.2023.104024

KR %%

4.5. SFKRMBFEFENRESFATANL

ERIR Ty 2R 1 S R B P 5 it % ) S0 g b T 0 e P R, L2 Hl T AN R T BRI
R B K T SEEAE I B A AAEROR I . BN, ORI BT & MR s 2 R e A KR 7 2
ARG, WP B AEBOK X RKIRIN SR B RE S IR B 70 K B 2, Bl sl &b 6 I ) GNSS B =4
JEARCTIE ER G R B G. AF RN E R RO . B R s B 4 T i
HRAFAEA— RO o T I I il 2 I R 1) = 2 b TS 5 256 BB SR 5 LR DA 1 AN D = A D 7 e R A
RDEM)RIRIL, FFHEINSUHE S 5 A5 R A5 S .

il FH MRS 2 e A B 5 VR RE R R B 2 (R O IR S I ) « R (JE AL I LA LIDAR %
#i5). (Pl GNSS RTK SEJIEE) . MR AM =4ER0GHAR . 2 BAUKERI A0 ) 5 2 Iz 2k
a8 S8R A s BRI IR . FEE g — . ARFREER USRS AR v A 4 . RS b
Ja B EE BEAT RS BEVPAG , AGETT AR RN 23 18] 73 A5 b 2 A7 R 65 75 V50 F e S IR AR R 22, 404 i A
JESAE P RO AT SE AN AT . fieJm s AR R PRIz B R B S S s TR, I ol R 2 AT
AR R i SR BN .

4.6. LHESBFRE

Al S R — AT R Ty SRSt SR B AE . RVE FENEE B RO B R LR RGNy S8l sE . SR
ARG LBNHE . HMERAE . WMV AREE L RS R A R R A

B, MAMX LR Z AR, KR, il SR K T8O 1/ e ROKIR B 1A 5
SRJE IR AR BGRIUNE R, a5 6 0 s, e DR P ROsRs BE 22 05 58 2 Bl Sk i 14
g MXMKI 7 TAMGIZAMT AN BOESE; SNCREERT, BATHREMRAZN 2R, T2
PRI AN [FL R AR O % S5 Ve A I 1R B (R ARAR G —, JF R ERGIAR 2, [l T-NITESs
RGHRE AR IEFILEFRTEX, WUELR ARG T SEVERNRS TR, (RIS HEAT B KA AN A B e F 3
s AMEITURHT, HMETHTT SRS GNSS [ w Ao ARG AN LIRSk E, BREHCR M2 v 270 &
AT RO o SR AR DX RAR TG DL B B AR AR I S B BRI IR 1L, BRI LR 2 i AT I 5
Pl AP 3 SR AR GG B e AR B, T e e, T ARAREE L SRS | I e
PHERD]. Bl G 5E, USRI 2 AL GBI TE G — PR AR FR 22 R A = Bl R AR Bl s AL
PRI RGN ML, BATEARRS V€ 50 SeeJa R R, 36 A2 TR A 1 S N 11
AN [ B A1 PR 7K PR M T 5 S R R mT A4k P

4.7. RGMEREFEZMERIH

AT DR T J, LW i B R R — A SEAR I 2 22 eI B RS 2 1Y 3 A R R A R A
AR A WA T3 T o

WEAEJT T B SE R A T, BIRAMERES B B IR LA IR 22 . O 1 3R B AR TR R, ik
PG LR R A TR . 52 e LA R, 2 = 4EROIN R RS ZRANIR RGN T AL
MERGFPRMAE M ESER, REERRBRAGENN IS BMRA NSRS R, AR5k
ARG LBHREE o B 1 AL G 22 BNE [T, 3075 TEORVE 25A% AR RV FRUAFDR S B A &5 ek
AR AGRZ N BSRAERCR AR R —

BT R T R i S R R VR D e A VR, Y 0 i T v R BT P )
BREL BT OR (RS AL IR s 2 A TR AR PR A A5 B 2 DN B AR 00 1 A SR B R AL B R £ A 1 28 11
Ry ORI AR SR AR 18] A1 25 (8] R BE A% [FI AP X L AN [FLSRAE AT RIAN[R] 3 9% 25 10 it i 15 B0k S50

DOI: 10.12677/ams.2023.104024 241 PR EERTI


https://doi.org/10.12677/ams.2023.104024

K2 %

SRR ZE, BT BN B BCR RS L

PRI, 2% ol A S 5 BRI Y R At b, B AR R 2R A HEEOR, SRS AR GUAR DL IE (1 5L
¥ Jo AL B AR AN 3 P R il A R, AT e D B R SR B RE A KR 22, B ORIF IR R SR
INE R RS S

5. 45RIE

DB ORI R B B SRt = e R B (s i e S 2 AIME, Sl VRAR - Hr Hodt
TSR IR TR E AT 22 VAL (R e R, SRR S AN R Kl s AR 7 SRR 3, DA R 5 122 A A
X BEEZGEPGOKRRE . MEZPRIMRRS. BotHllE RS, SESHARS. LA
BERGRAFHIREYAE T RGIATEARMA S, - 2 - K-l -7 — AR AR N
ARIEZR . 2R GREACTRAT BRI SRR TE MU S M 280K R I e K fi bt 00 el R =5 22 R 8l
AR FEMEROE . INE A PR BER e AR VA SE — RIIBRTBL A L
BRI R AR R R R AL B, R R ARSI R 2 TRE W5 AN R H B /oK, R Sealn
20 BRIl AR S R B PR R R R R L SR

FEFESA T, WEAE R E H 5 5 DCROHERE,  INPRIT A A i Sl S A 0 sk, SEBLH WT PR Je
RENE SR TH IR IE AL R R P T TE R S 7 . “Bli - - 2 - R7 — A AR LB U b 32
TR I 222 ) AR RCR A RS B A I, BEME MRS R X 22 4y PR AL S AR A 1 58 L 7 R ME R I
S REERAE S IEREL, DRSS A 5 R B e D BRI BOR S

E&MHE
EHFN(2022) 515 “ SR FAKT =4Sk SR — LIS AT I
SE 3wk

[1] SHEMAZAS. REFEEELHSIREAM]. J0: M2 Ry, 1983.

[2] BRERPH, BF], XU@R, 5. AIHRREERRALA T (KRS iR SO RE VPl /0 2R [0]. #Av Hh3, 2022, 42(7): 1039-1049

[3] MBXMelE, TERAZR, ReAs. GBI F[J]. HEES4R, 2014, 36(9): 112-120.

[4] T4, BRI, Bk, & s — ARSI EEERFZRTIT, 2019, 6(2): 93-98.

[B] R, XIMRE, By, & K KT — s BRI 7], #hE22(E S, 2020, 18(1): 32-35.

[6] TH:%, BLBAR. RbE B 2 HoR R i R 2 [0]. W4 i@, 2020(10): 79-84.

[71 2595, A&FW, HibT, & 6w XEMBUKE— AR EEMEEABR[]. WethIEE, 2017, 42(5): 1-6
[8] AhZE, JXefe, A, & MBEUKH—EBALEENE RGEH Fidt R[] Mg, 2019(9): 7-12, 17.

[9] Saylam, K., Brown, R.A. and Hupp, J.R. (2017) Assessment of Depth and Turbidity with Airborne Lidar Bathymetry
and Multiband Satellite Imagery in Shallow Water Bodies of the Alaskan North Slope. International Journal of Ap-
plied Earth Observation and Geoinformation, 58, 191-200. https://doi.org/10.1016/j.jag.2017.02.012

[10] ERFFH, FkOend, TUHBH. TCANINLEL LiDAR TEHT MR K UG RO il 2 4 g B[], 4@ 4k, 2019(9):
155-158.

[11] &MU, RI7, Thh, 5 VB0 E IR MR 550U S A M 5 178 DA Bl 2 0], 404 5306 T
T2, 2020, 49(z2): 1-15

[12] Z=pkHa. FEF I ANUHLE G AT 2 3 1 /K ik — A Ak = 28 0 8 R B2 A AR I [3]. /K R B B
2021(11): 42-45.

[13]  ZEp. HETHIEL LIDAR 50 M2 i A K el — A4 DU S 4 AR ST [3]. KRR WaBF, 2022(6): 70-74.

[14] BXMeRE, JEME, PAER, 25 FEVOTER B RGEARINTE B RAIR[CHI B R B m v 45 A A B 52BN, ™
VOB B T FLAT I g X b o7 M BRI K S AR AL SCER (). dbat: Bl H R, 1994: 226-239.

DOI: 10.12677/ams.2023.104024 242 PR EERTI


https://doi.org/10.12677/ams.2023.104024
https://doi.org/10.1016/j.jag.2017.02.012

KR %%

[15]
[16]
[17]
[18]

[19]
[20]
[21]
[22]

[23]
[24]
[25]
[26]
[27]

[28]

[29]

[30]

[31]
[32]
[33]
[34]

[35]
[36]
[37]

[38]
[39]

[40]

[41]
[42]
[43]
[44]
[45]
[46]

=g, PHE SR BT R e S HR M. deat BIFT Tk s AR AL, 2000.
BBk, BE . R B SR VAT [D]. M4k, 2017(S2): 12-15.
PR GE, WA, FEF5F, 5. Mg IS m A E S ED]. #EElL:, 2002, 22(2): 14-17.

TR, LG4, TN 3T EGM2008 A% Y [t g i FE SE i 4 — 7 VA [J]. MR A (A5 S, 2018, 16(11):
101-103, 109.

), 2541l EGM2008 558 7178 PR B 7K A AN Hh ) S A [0]. 6 LR, 2021, 58(3): 112-115.
B, VKR, RTK SIREE A HoA K AR s TR A b B A [3). 85 TFE, 2007, 26(3): 47-54.
ZRTE, EE, XK, . GPS RTK 75 & (HE)M 2+ 8 FH [J]. BiARMIZ:, 2011, 34(4): 3-4, 21.

Hofle, B. and Rutzinger, M. (2011) Topographic Airborne LiDAR in Geomorphology: A Technological Perspective.
Zeitschrift fir Geomorphologie, 55, 1-29. https://doi.org/10.1127/0372-8854/2011/005552-0043

W, Batd, BEE, % #gEw e &N E 5 AR 0], W@k, 2007(8): 29-32.

Mzer, BEE. 2 BORMRRGRBURAUA RGHB[]. e, 2002, 22(5): 3-6.

HZX, WRINAE. IR RIS AR T R[], PR lZ:, 2002, 22(6): 60-65.

Zieger, S., Stieglitz, T. and Kininmonth, S. (2009) Mapping Reef Features from Multibeam Sonar Data Using Multis-
cale Morphometric Analysis. Marine Geology, 264, 209-217. https://doi.org/10.1016/j.marge0.2009.06.002

Hovland, M. and Risk, M. (2003) Do Norwegian Deep-Water Coral Reefs Rely on Seeping Fluids? Marine Geology,
198, 83-96. https://doi.org/10.1016/S0025-3227(03)00096-3

Harris, P.T., Heap, A.D., Marshall, J.F. and McCulloch, M. (2008) A New Coral Reef Province in the Gulf of Carpen-
taria, Australia: Colonisation, Growth and Submergence during the Early Holocene. Marine Geology, 251, 85-97.
https://doi.org/10.1016/j.marge0.2008.02.010

Somoza, L., Ercilla, G., Urgorri ,V., et al. (2014) Detection and Mapping of Cold-Water Coral Mounds and Living
Lophelia Reefs in the Galicia Bank, Atlantic NW Iberia Margin. Marine Geology, 349, 73-90.
https://doi.org/10.1016/j.marge0.2013.12.017

T, TER. 2P RS RTK =4KRMER AR MPAA M D], WL T, 2014, 23(4): 65-68.

EEIL. EFZ2WERMRRGH RTK Z4EK RN &R AR 5[], Jbatill4:, 2014(6): 48-51.

XNRE, RRE, HH, & Z4ERGEmEGEEET AN 558K, 2015, 34(4): 358-361.

2k, SR, vt & SRR IR K R SR ER I i B [9], KRR 5K TR, 2015(3):
184-188, 192.

M, e, 2, & BT =408 5 9V BRI KR 85 M 3M0GE 7 229, WL /KR BH B, 2013, 41(3):
62-65.

W&, Eit, BaE, 5. =454 5 g AR G K R 98BS HA I o i S ], K HL RS VR AL, 2015,
33(6): 59-62.

Davis, A. and Lugsdin, A. (2005) High Speed Underwater Inspection for Port and Harbour Security Using Coda
Echoscope 3D Sonar. Proceedings of OCEANS 2005 MTS/IEEE, Washington DC, 18-23 September 2005, 2006-2011.

XN&w, fk/NL BOEHEFBN AR R SIVR[]. BBORE 2R (15 B RH2RR), 2003, 28(2): 132-137.

R, R, MR, S MR RO R S P R BOR R R ] AL, 2020, 40(3):
35-39.

Parrott, D.R., Todd, B.J., Shaw, J., et al. (2008) Integration of Multibeam Bathymetry and LiDAR Surveys of the Bay
of Fundy, Canada. Proceedings of the Canadian Hydrographic Conference and National Surveyors Conference 2008,
Wolfville, November 2008, 1-15.

Kingham, K. (2017) Combining Multibeam Systems & Laser Scanning Data. RESON PDS2000 Software.
Conforti, D. (2019) Combined Laser/Multibeam Sonar Survey of Sydney Harbor. Teledyne Optech.

28, W, BeEE, S BT R ANURITE AN R B ERE I 25 R [J). w2, 2021, 41(3): 52-56.
YL, EOERR, TR, A BN ANUNTEEER IR AR i E [ 4@k, 2015(3): 27-31, 48.
B, BN SRR R[] BIRE S5 T2, 2018, 33(2): 135-136.

FH AN s M A H % 2 b ) S 3], a4, 2023, 6(1): 16-18.

DOI: 10.12677/ams.2023.104024 243 PR EERTI


https://doi.org/10.12677/ams.2023.104024
https://doi.org/10.1127/0372-8854/2011/0055S2-0043
https://doi.org/10.1016/j.margeo.2009.06.002
https://doi.org/10.1016/S0025-3227(03)00096-3
https://doi.org/10.1016/j.margeo.2008.02.010
https://doi.org/10.1016/j.margeo.2013.12.017

K2 %

[47]  BRFErE. TG AN TR TE /N XIS 4 b 1) B P AT 7R [0]. %4 hlEHiR, 2018(7): 140-142.
[48] REB, EXF, mfh, & JRLRVEREAL B RERER IR R SO [J]. W4 F}2, 2015, 40(10): 43-47.
[49] D%k, kA, TkiEF, & RIEKEOCEE RO RN BRI, 2018, 36(3): 331-351.

DOI: 10.12677/ams.2023.104024 244 HEERL AT


https://doi.org/10.12677/ams.2023.104024

	空天陆海一体化测绘技术在南海岛礁调查中的应用展望
	摘  要
	关键词
	Application Prospect of Space-Air-Land-Sea Integrated Surveying and Mapping Technology in the Investigation of Islands and Reefs in the South China Sea
	Abstract
	Keywords
	1. 引言
	2. 南海岛礁及周边海域地形地貌测绘的难点
	2.1. 海岛礁远离大陆，高度分散，缺少测绘基准信息
	2.2. 珊瑚礁地貌复杂，地形水深变化剧烈
	2.3. 周边复杂的地缘政治环境

	3. 远海岛礁测量的关键技术和进展
	3.1. 测绘基准建立方法
	3.2. 特殊地形地貌的测量技术
	3.3. 水陆一体化测量技术

	4. 空天陆海一体化测绘系统及应用展望
	4.1. 岛礁水上地形测量
	4.2. 浅水部分或水陆结合部地形测量
	4.3. 深水区域的水下地形测量
	4.4. 小比例尺大范围测绘
	4.5. 多源水深地形数据的融合和可视化
	4.6. 实施步骤和流程
	4.7. 系统测量精度主要影响因素分析

	5. 结束语
	基金项目
	参考文献

