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Abstract: The simulation of ocean background is the key link of sea surface target scene simulation and the
important basis of ocean target background coupling simulation, which determines the correctness and
authenticity of the difference characteristics between target and background in the simulation image. In the high-
resolution satellite image, the ocean background features were highlighted. The previous processing methods that
regard the ocean background as a uniform radiation surface cause large errors in high-resolution ocean scene
simulation. The coupling effect and radiation model of three-dimensional shape, multi-component distribution and
directional reflection characteristics of ocean background were studied, and the simulation method of high-
resolution satellite image of ocean background was proposed. A three-dimensional ocean background model was
constructed by spectrum analysis. According to the different distribution of sea components and the different
normal directions of ocean background at different positions, the low-resolution ocean BRDF model was modified
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to meet the simulation application of high-resolution satellite images. The directional reflection data of different

components were calculated and associated with the three-dimensional ocean background model to construct the

sub meter ocean background three-dimensional model. Based on the radiation model, the zero line of sight

radiation field was established by ray tracing method, and the satellite remote sensing images under different sea

conditions were simulated by atmospheric influence and sensor effect. The results show that the average error of

the image is 3.7% and the standard deviation error is 9.9% when comparing the sea surface image measured by

7Y3-02 satellite with the simulation image under the same imaging conditions, which can simulate the marine

background under high-resolution satellite imaging more truly.
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remote sensing imaging simulation
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Fig.1 3D radiation model structure diagram of the sea surface
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Tab.1 Sea state table
Wave level Sea Wave Wind Wind
state  high/m rating(level) speed/m-s”'
No waves 0 0 0 0-0.2
Tiny waves 1 0-0.1 1 0.3-1.5
Small waves 2 0.1-0.5 2 1.6-3.3
Light waves 3 0.5-1.25 3-4 3.4-79
Middle waves 4 1.25-2.5 5 8-10.7
Billow 5 2.5-4 6 10.8-13.8
Mountainous 6 4-6 7 13.9-17.1
waves
Wild waves 7 6-9 8-9 17.2-24.4
Angry sea 8 9-14 >10 >24.5

2 ARG T BT =015 . () 1 FBIL; (b) 2 s (o)
3 AENL; (d) 4 PRI

Fig.2 3D structure of the sea surface under different sea conditions.
(a) Level 1 sea state; (b) Level 2 sea state; (c) Level 3 sea state;

(d) Level 4 sea state
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Tab.2 Input parameter table of 6S

Parameter Value
Wind speed/m-s™ 8
Wind direction N
Salt content/ppt 34.6
Chlorophyll concentration/mg-m™ 3.0
Sun zenith/(°) 56.6
Sun azimuth/(°) 160.4
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Fig.3 BRDF of seawater at different wavebands calculated by 6S
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Fig.6 High-resolution satellite ocean background imaging simulation flowchart
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Fig.7 Radiation field at the entrance pupil of the satellite under different wave levels. L1: Level 1 waves; L2: Level 2 waves; L3: Level 3 waves; L4:

Level 4 waves
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RIHEAT 07 B, 1531 4 000x4 000 pixel K /N7 &
FIG, b T A 2 BN, AU 200x200 pixel K/MPE

T 10 P15 S H: DN 23 A an 151 10, & 11 s, (i &
5 TR SIS XS & 4 FiR

WL B RS PRI S B L, H A 10
ATLVE L DR RS S, PR A s m AR O 2 B,
W PR RRESBA R BoR . HB TR G Z], %
TF LA E A SRR, 05 B4R 5 TA K
STMZERAE HBCR PR FEEH e
A %) VA T — AR, 3 o B 1 TR AR LA F
1M 98 P IR 52 Z2 0 LR 52 ), B0 B = A7 T
TR SERE N FAE U RAAE, L% st 200 1 1 K3
S AR S R A — e 5] HARE .

MEL 11 )5 B 55 5200 45 S 4 G 43 A 4 B L L %
T AMGERX AT LIE , 0 B 450 5 S 45 R i

&3 HESH

Tab.3 Simulation conditions

Simulation band

Band1(450-520 nm)\Band2(520-590 nm\Band3(630-690 nm)

ZY3-02 imaging time
Sun zenith angle/(°)

Sun azimuth/(°)
Observation azimuth/(°)
Observation zenith angle/(°)
Resolution/m
MODISSatellite imaging time
AOD@550 nm
Wind speed/m's™
Wind direction
Chlorophyll concentration/mg-m™

Salt content/ppt

Beijing time 11:00:10-11:00:18
56.63
160.4
237.32
0.1
5.8
Beijing time 11:05
0.196
8
N

3
34.6
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Fig.10 Comparison of simulation results with satellite data. (a) Simulating the sea surface of Bandl; (b) ZY3-02 measured sea surface of Bandl;

(c) Simulating the sea surface of Band2; (d) ZY3-02 measured sea surface of Band2; (e) Simulating the sea surface of Band3; (f) ZY3-02

measuring the sea surface of Band3
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Fig.11 Comparison of radiation distribution between simulated and measured results. (a) Simulating the sea surface of Bandl; (b) ZY3-02 measured sea
surface of Bandl; (c) Simulating the sea surface of Band2; (d) ZY3-02 measured sea surface of Band2; (e) Simulating the sea surface of Band3;

(f) ZY3-02 measuring the sea surface of Band3
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Tab.4 Comparison of simulation results and measured results

Max Min Mean Standard deviation
Image type
Bl B2 B3 Bl B2 B3 Bl B2 B3 Bl B2 B3
ZY3-02(DN) 338 299 209 243 196 130 260 216.5 146.3 6.57 6.91 5.78
Simulation(DN) 318.6 276.3 182.5 266.1 216 137.9 273.3 223.5 141.6 5.8 6.1 5.4
Mean relative error 8.6% 7.8% 3.7% 9.9%

AR E 455 g, LIS A AEARUT, 45 I B %) 8 e it o A 1%, 5T RS EMG LR, 25 0% By B4 B e KA R
B, o L X3 8 0 A 5 AR o 3K P A 15 25 ) 7 8.6%, f/IMEIRZ 7.8%, YIHIRE 3.7%, brifE 22 1%
2 VR T AL A R A A R TR A E A 7 9.9%. TERS W BAEY K BE(E . KEE AR . SCHEAn Y

RYRIE . S5 7 TR BAT B 0 — B . %07 it — 2D

4 = B 1 T BT F AR B, L bR S g T SR RS
VEIBEAU R AL 00 2R,

SCHERG B I8 T 5 o3 B AR AR T U i L B O A EDTEAE R B AR A IR, (H

WOGRAR F0E . J7m RS T NR, R IRy L A S B B = SR R R AT RE S D LA
BEARMEPETT S TR G5 BT e B =4 LATEE RAFE—E R . FEAnE /AR I A D7 1) SR A,
Ky 00 o3 AT AR R VRS 5, Gl S T SRR SR AP S R S AR A TR I WK A
S8 R AR RN AL, 45 51 102 i Ry L ] AR, Argo 2 i 12 H AR X I — A A 5 17 1
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