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Shallow Sea Underwater Topography Detection Based on SAR

Subaperture Image
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Abstract: Accurate measurement of underwater terrain in coastal areas is the key to human activities in the ocean. Synthetic ap-
erture radar (SAR) provides a new means for the detection of shallow sea terrain. TerraSAR-X bunching mode can obtain high-
resolution SAR data with a long integration time, so that the seabed terrain of shallow sea can be inverted more accurately. Tradition-
al SAR image underwater terrain detection is based on the assumption of constant wave period, which not only needs to know the
initial water depth to solve the wave period, but also brings some errors to the detection results. In this paper, an underwater terrain
detection method based on subaperture images is proposed. A SAR image is decomposed into subaperture images with fixed multi-
scene time intervals, and the time interval between subaperture images is used to solve the changing wave period, so as to obtain
more accurate underwater terrain. The TerraSAR-X data of Wuzhizhou Island in Hainan Province was used to verify the feasibility
of this method. The results obtained by inversion of this method were compared with the GEBCO data, and it was found that the two
were in good agreement(the MAE was 2.8m and the MRE was 23.91%). It is proved that this method has great potential for retriev-
ing water depth in shallow sea.
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Fig. 10  Position of the wave period inversion region in the

subimage
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Table 2 The effect of periodic inversion using different

subimages
ESEE MRE/% MAE/m  RMSE/m S Y%
1 373 6.46 8.31 56.40
2 36.95 6.21 7.94 56.37
3 38.99 4.97 6.31 71.53
4 36.20 5.32 7.1 67.44
T 35.91 4.97 6.24 66.45
4 ZRIF

AR SCHE T — Bl 3 7 FLAR 4 i 10 n] AR % A
0 10 MRy i o LR o A R T AR
75 9 10 ESF ] (1) B 35 1) T LA AR, DT K i 45
)22 Mk, R B2 SO ) WAL B B R IR K
SO AR A, A A OC 2R RO RT A5 30 A — A BT
SRR K BRAE BB o B TR 5 B AR K TR
I HLSR AT AT AR (1 ke S 100 ok AR ke gl J AN 8 1y
ik, AT/ T R A 55400 s K TR Al o i 158 22
1B 1 S NG B o 8 TerraSAR-X R AELIA
B A 6 T W SN B K ST S, R IR
45 5 GEBCO 2% /KRB HEA TR L, R
B (MAE 2.8 m, MRE H23.91%) i T1%
%7k (MAE 5 4.97 m, MRE }3591%), T
U7 3 HOE T A BRIEOK X, A 1% T iz Ak
PR P KAL T 50~70 m, BEAREG/N, KN R 1)
I E ZR BRI D AR AR 2 3 ik
VRS K B CAE DA 8 45 7 0 55 JR] 100 9 K X 3
HIRAKEREG WA LR, ZRFIHE KR,
RBCREAL ., RER . AN, ALl H
BB R A 1 SAR B ok 7] S5 5 AH R 47 1)
IKER, T8 F I ST s KT, AT 75 31 o g s
] 73 FE R RS B i e b

Sk

[1T BIAN X, SHAO Y, WANG S, et al. Shallow water depth
retrieval from multitemporal sentinel-1 SAR data[J].
IEEE Journal of Selected Topics in Applied Earth Obser-
vations and Remote Sensing, 2018, 11(9): 2991-3000.

[2] SANTOS D, ABREU T, SILVA P A, et al. Estimation of
coastal bathymetry using wavelets[J]. Journal of Marine
Science and Engineering, 2020, 8(10): 772.

[3] CLOAREC M, ROEBER V, RANCHIN T, et al. Extrac-

tion of bathymetric features using multiple SAR images

[4]

[5]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

produced by Sentinel-1[C]//Sixth International Confe-
rence on Remote Sensing and Geoinformation of the En-
vironment (RSCy2018). SPIE, 2018, 10773: 274-282.
PEREIRA P, BAPTISTA P, CUNHA T, et al. Estimation
of the nearshore bathymetry from high temporal resolu-
tion Sentinel-1A C-band SAR data-A case study[J]. Re-
mote Sensing of Environment, 2019, 223: 166-178.
LEU L G, KUO Y Y, LIU C T. Coastal bathymetry from
the wave spectrum of SPOT images[J]. Coastal Enginee-
ring Journal, 1999, 41(1): 21-41.
HUANG L, MENG J, FAN C, et al. Shallow sea topogra-
phy detection from multi-source SAR satellites: A case
study of dazhou island in china[J]. Remote Sensing,
2022, 14(20): 5184.
BIAN X L, SHAO Y, ZHANG C, et al. The feasibility of
assessing swell-based bathymetry using SAR imagery
from orbiting satellites[J]. ISPRS Journal of Photogram-
metry and Remote sensing, 2020, 168: 124-130.
HOLMAN R, MOREIRA A. Real-time synthetic aper-
ture radar(SAR) processing with a new subaperture ap-
proach[J]. IEEE Transactions on Geoscience and Re-
mote sensing, 1992, 30(4): 714-722.
DE MICHELE M, LEPRINCE S, THIEBOT J, et al. Di-
rect measurement of ocean waves velocity field from a
single SPOT-5 dataset[J]. Remote Sensing of Environ-
ment, 2012, 119: 266-271.

BERGSMA E W J, ALMAR R, MAISONGRANDE P.
Radon-augmented sentinel-2 satellite imagery to derive
wave-patterns and regional bathymetry[J]. Remote Sen-
sing, 2019, 11(16): 1918.

ALMAR R, BERGSMA E W J, THOUMYRE G, et al.
Global satellite-based coastal bathymetry from waves[J].
Remote Sensing, 2021, 13(22): 4628.

BABAM W, THOUMYRE G, BERGSMA E W J, et al.
Deriving large-scale coastal bathymetry from Sentinel-2
images using an high-performance cluster: A case study
covering North Africa's coastal zone[J]. Sensors, 2021,
21(21): 7006.

DALY C, BABA W, BERGSMA E, et al. The new era of
regional coastal bathymetry from space: A showcase for
west africa using optical sentinel-2 imagery[J]. Remote
Sensing of Environment, 2022, 278: 113084.

DE ZAN F, GUARNIERI A M. TOPSAR. Terrain obser-
vation by progressive scans[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2006, 44(9): 2352-
2360.

LI X, LEHNER S, ROSENTHAL W. Investigation



2024 4F 1 A E M

< 115 -

[16]

[17]

[18]

[19]

[20]

[21]

[22]

of ocean surface wave refraction using TerraSAR-X
data[J]. IEEE Transactions on Geoscience and Re-
mote Sensing, 2009, 48(2):

WEATHERALL P, TOZER B, ARNDT J E, et al. The
GEBCO_2021 Grid-a continuous terrain model of the
global oceans and land[J]. 2021.

FERRO-FAMIL L, REIGBER A, POTTIER E, et al.
Scene characterization using subaperture polarimetric
SAR data[J]. IEEE Transactions on Geoscience and Re-
mote Sensing, 2003, 41(10): 2264-2276.

MOREIRA A. Real-time synthetic aperture radar(SAR)
processing with a new subaperture approach[J]. IEEE
Transactions on Geoscience and Remote sensing, 1992,
30(4): 714-722.

ENGEN G, JOHNSEN H. SAR-ocean wave inversion
using image cross spectra[J]. IEEE Transactions On
Geoscience And Remote Sensing, 1995, 33(4): 1047-
1056.

TS, 4Rk, BRI . 2 SAR UG AE Ui B
SRR AR B[], 2B EE L, 2007 (5): 22-25.

CHEN Z, ZHANG B, KUDRYAVTSEV V, et al. Estima-
tion of sea surface current from X-band marine radar
images by cross-spectrum analysis[J]. Remote Sensing,
2019, 11(9): 1031.

JOHNSEN H, COLLARD F. Sentinel-1 ocean swell
wave spectra (OSW) algorithm definition[J]. Sentinel-1
IPF Development (Project No.: 355) Report, 2009.

(23]

[24]

[25]

[26]

(27]

BOCCIA V, RENGA A, Rufino G, et al. Linear disper-
sion relation and depth sensitivity to swell parameters:
application to synthetic aperture radar imaging and ba-
thymetry[J]. The Scientific World Journal, 2015.
BOCCIA V, RENGA A, RUFINO G, et al. L-band SAR
image processing for the determination of coastal ba-
thymetry based on swell analysis[C]//2014 IEEE Geos-
cience and Remote Sensing Symposium. IEEE, 2014:
5144-5147.

WA, 2 Rz, 22 /055 GEERER R IR M) bRt =
SFHUE A, 1999:182-207

CLOAREC M, ROEBER V, RANCHIN T, et al. Extrac-
tion of bathymetric features using multiple sar images
produced by sentinel-1[C]//Sixth International Confe-
rence on Remote Sensing and Geoinformation of the En-
vironment (RSCy2018). SPIE, 2018, 10773: 274-282.
AUGUSTO P D O E,JUNQUEIRA C P. On the use of
ocean tide model driver, TMD, as a filter to recover res-
ervoir signal from well test pressure history[C]//OTC
28020, 2017.

[1E# B A]

R
AR
éEﬂj( R

1999 4 | FREAFR A
197354, ¥+, BFRR,
1977 54, #a%, WA 300,

(R4 & =)



	01_封面.pdf
	02_封二.pdf
	22_封三.pdf
	24_封底.pdf
	遥测遥控
	目次
	综述与评论
	智能天地一体化网络的卫星跟踪测控技术综述
	基于近场测量的阵列天线校准

	测控通信与导航
	基于多波位波束搜索的大型相控阵阵列信号处理技术
	小型化超宽带H面脊喇叭端射天线
	适用于天地一体化网络的无证书密钥协商协议
	基于串级线性自抗扰的四旋翼姿态控制方法
	空海自组网随机接入仿真研究
	多重闪烁干扰下高精度卫星导航算法研究
	一种短时猝发GMSK扩频多普勒估计算法研究
	一种基于工程化气动加热算法的天线热防护设计
	模块化弹载测控设备内总线交互技术研究与应用
	太阳同步对日定向卫星的测控天线布局设计
	基于“OODA环”优化的卫星导航定位安全与对抗应用研究
	一种Ka频段双通道遥测设备的无杆标校方法研究

	雷达与对抗
	基于SAR子孔径图像的浅海水下地形探测
	基于粒子群算法的相控阵海浪波谱仪天线增益校正方法
	基于OARO-GRU网络的高频地波雷达电离层杂波短期预测


	Contents
	Surveys and Reviews
	Overview of Satellite TT&C Technology for Intelligent Space-ground Integrated Network
	Phased Array Calibration Based on Near-field Measurement

	TT & C Communication and Navigation
	Technology of Array Signal Processing for Large Phased Arrays Based on Muti-beam Position Search
	Miniaturized Ultra-wideband H-plane Ridged Horn Antenna with End-fire Radiation Pattern
	A Certificateless Key Agreement Protocol for the Integrated Network of Space and Ground
	Quadrotor Attitude Control Method Based on Cascade LADRC
	Research on Random Access of Air-sea Ad-hoc Network
	Research on High Precision Satellite Navigation Anti-interference Algorithm under Multiple Flicker Interferences
	Research on A Short Burst GMSK Spread Spectrum Doppler Estimation Algorithm
	A Thermal Insulation Design of Hyper-sonic Antenna Based on Engineering Algorithm of Aerodynamic Heating Effect
	Research and Application of Bus Interaction Technology in Modular Missile-borne Telemetry and Control Equipment
	TT&C Antenna Placement of Sun-Pointing Satellite in Sun-Synchronous Orbit
	Research about Application of OODA Ring Optimization in Satellite Navigation and Positioning Security and Countermeasures
	The Research on Rodless Calibration Method for Ka-band Dual Channel Telemetry Equipment

	Radar and Countermeasures
	Shallow Sea Underwater Topography Detection Based on SAR Subaperture Image
	Antenna Gain Calibration Method for Phased Array Wave Spectrometer Based on Particle Swarm Algorithm
	Short-term Prediction of Ionospheric Clutter from High Frequency Surface Wave Radar Using OARO-GRU






