0254-6124/2026/46(3)-0707-11 Chin. J. Space Sci.  ZIAHF 3R

YU Miaomiao, ZHU Di, DONG Xiaolong, ZHANG Jingyu. Doppler Spectrum Analysis and Centroid Estimation of Ka-band Spaceborne Sea Surface
Scatter Echoes (in Chinese). Chinese Journal of Space Science, 2026, 46(3): 707-717. CSTR:32142.14.¢jss.2025-0072. DOI:10.11728/cjss2026.
03.2025-0072

Ka B 2 20 S E B0 B & 2 b
A 5 B it

1,2 o 1 . 1,2 1
T B Ak ko A KA AE
(P EBEBE R = BE2E G JE3T 100190)

2P EBEEBERF JEET 100049)

W OE RS EUAM TR R RE T . A S e S AR A R AR R IR AR, X
B DR Gis ol 5153880 1 250 RV 0 [0 238 SRRk (A o5+ 40 b B2, R Ltk B BEie, 7 b
B[R] AR AL ) shAS I AR A . LT BRI 7 2 RUE G5 T2 11 (OSCOM) Fr il i) TR S8, F 430K
ZROT R 228 B R PE (A . Bt R A B, T 387 225 8 U A% B S 14 R AR B ) ORI B, T 907 22325 8 J3 o
P BEAE NI KT L WO X R, 249 90° AT b ik B g /IMEL. AT, 47T KU 10 mes ' i, KUK HE ph A B s
TR R T80 & R A HFIR N, KB A BRI 35, 223 B B A A 2Z 0.56 mes . B &R N 10 mes ', WL )y
1] 5 XU ) A R A A AR X K 90 B T HCET R BN Bk A HE TS 25 R AR 0t 17 10 ) 2238 B B O Im BS 2R 71.4
Hz, SHEOGR AL HA A2 0.3 ms .

KB ZEEEGHT, 2SI, KIRSEL R, DIRmE

FESES P4

Doppler Spectrum Analysis and Centroid Estimation of
Ka-band Spaceborne Sea Surface Scatter Echoes

YU Miaomiao”  ZHU Di'  DONG Xiaolong'®  ZHANG Jingyu'

1(National Space Science Center, Chinese Academy of Sciences, Beijing 100190)

2( Unaversity of Chinese Academy of Sciences, Beijing 100049)

Abstract The ocean surface dynamic parameters reflect important air-sea interaction processes, such
as the material and energy balance, and climate change. Under spaceborne measurement conditions, it is
necessary to study the echo Doppler spectrum characteristics formed by the high operating speed of the
satellite in conjunction with the sea surface dynamic parameters. In this paper, a time-varying dynamic

sea surface model is established wia the existing linear random superposition theory to simulate ocean
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surfaces. Based on the satellite parameters defined by the Ocean Surface Current multiscale Observation
Mission (OSCOM), this work derives echo Doppler spectra involving different wind parameter effects un-
der medium-incidence-angle Bragg scattering conditions. As wind speed increases, the sea surface rough-
ness and root mean square height increase accordingly, resulting in the stronger backscatter modulation,
and the echo Doppler shift increases significantly. When observed along the track, the echo Doppler cen-
troid of the Doppler spectrum with wind direction is slightly asymmetric at the downwind and upwind,
and reaches a minimum at 90° wind direction. The analysis results of the wind fetch show that
when the wind speed is 10 m-s ' and the length of wind fetch increases from a-10 km-developing wave
to a fully-developed wave, the velocity of the sea surface increases, and the tilt modulation of the long
wave increases, resulting in the Doppler shift increases, and the estimated Doppler centroid difference is
0.56 m-s .

analyzes the influence of both the Doppler centroid and velocity estimation. Analysis of echo Doppler

Finally, this study considers the contribution of breaking waves to the backscatter and

spectrum under the condition of wave breaking shows that when the wind speed is 10 m-s ' and the
observation azimuth is the same as the wind direction, the Doppler centroid offset is about 71.4 Hz, re-

sulting in a deviation of about 0.3 m-s ' for the radial velocity estimation compared with the case with-

2026, 46(3)

out considering the breaking waves.
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current, Wave breaking
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