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Fig.1 Foam - sea surface scattering model
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Fig.3 HH polarization Doppler spectrum comparison diagrams
at different wind speeds
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Fig.4 VV polarization Doppler spectrum comparison diagrams
at different wind speeds
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Fig.5 HH polarization Doppler spectrum comparison diagrams
at different frequencies
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Fig.6 Doppler shift and spread comparison diagrams

3 it

RSO T M A M R S YA T AR (8 AL T P
TR B — B/ NVRERIE T E , 456 VRT Fl M-G B IERRAY,
IR T ARG R AR AR AR 200t i 23
PR RRTER ., BT RER A AT AR, T
JRGEE AR R /NGRS 5 T T L T TR R B 2 6, R BB X
WK, PRI T Y 2 G & B — SRR, BB AE
VVARAL T iR & KRBl T ELRER A B A,
TR 2 X 13 1 22 3 i (4 SE MR ] 2240, S5 ARR,
VRT Hil M-G & IEAS AL REASAR 1 LK A RIS Bt TR 2 0 1
T 22 T BT A S, 5 BB 2, AR SO SR AR 1
A% BN A AT IR A K R BLR , H i iR i
Rz, ZEPEARERAEY SRS R T, S



74 WL B Aug. 15 2018 Vol 29 No.Cs

Sk AR PR B IE AU BTFT (7). Al S%, 2018 (3): 49-52.

[1]  2E, 555780 . A/ 3R 78 55 KRS vig Trg FR s s st i 18 TE BUR LiKeke, Liu Wei, Guo Lixin, et al. Modification on electromagnetic
FEERSE [0]. EE4R , 2009, 58 (9): 6155-6166. scattering characteristics from foam sea surface by VRT and M-G
Liang Yu, Guo Lixin. Study of the electromagnetic scattering from model[J]. Aero Weaponry, 2018 (3) ; 49-52. (in Chinese)
the rough sea surface with bubbles/foams by the modified two-scale ~ [6] FE¥EFF, KIEVA . S EMEE S HIE AR M]. Jbat. BT
method[J]. Acta Physica Sinica, 2009, 58 (9) ; 6155-6166. (in Chinese) Toll ik, 2007.

[21 JTW%, B . 75 55 VA RURE Vi T A OGSO SR R 25 (D). Jiao Peinan, Zhang Zhongzhi. Radar environment and radio
JeFRdR, 2015, 35 (8): 362-368. wave propagation characteristicsfM]. Beijing: Electronic Indus-
Qi Xiao, Han Xiange. Study on laser scattering characteristics of try Press, 2007. (in Chinese)
foam covered rough sea surface[J]. Journal of Optics, 2015, 35  [7] #pWed: . &2 AW M BRLEUE IE XU ERFS [D]. 7
(8): 362-368. (in Chinese) G VR FRHE R, 2008.

3] Wk . REBESE SIS MSEE M]. EBIN : W RlE Yang Xiaowei. Research on electromagnetic scattering modified
AR H kL, 1994. dual-scale study of dynamic sea surface with foam layer[D].
Jin Yaqiu. Vector radiative transfer theory and parameter inversion[M]. Xi’an; Xidian University, 2008. (in Chinese)

Zhenzhou: Henan Science and Technology Press, 1994. (in Chinese)

[4] Mallet P, Guerin C A, Sentenac A. Maxwell-Garnett mixing  {EZE 1}
rule in the presence of multiple scattering: Derivation and accu-  x]4% (1979- ) ¥ W+ 3|HK¥&, T LHLH W HHEI
racy[J]. Physical Review B, 2005, 72 (1);205-214. ik BB AT,

[51 Z=nIWl, XM, 38309, % . VRT Al M-G BB SEHETE . Tel. 13619227300 E-mail ; liuwei@mail.xidian.edu.cn

Doppler Spectral Frequency Shift and Widening Characteristics of Scattered
Echoes from Dynamic Foam-sea Surface

Liu Wei""*, Zhang Ying', Li Keke', Liu Guangjun®
1. School of Physics and Optoelectronic Engineering, Xidian University, Xi’'an 710071, China
2. Aviation Key Laboratory of Science and Technology on Airborne Guided Weapons, Luoyang 471009, China

Abstract: In order to study the electromagnetic scattering of dynamic sea surface in high sea conditions, the
electromagnetic scattering effect of foam must be applied in the calculation of sea surface electromagnetic scattering.
Based on the small slope approximation and the physical mechanism of Doppler spectrum, the Doppler spectrum
characteristics of foam-containing sea surface were compared with the one of pure sea surface, by the equivalent
dielectric constant model in mid-to-low frequency and vector radiation transmission theory in high frequency,
respectively. In addition, the effects of wind speed, incident wave frequency and other factors on Doppler shift and
broadening were discussed. The results show that the effect of the foam layer on sea surface is not negligible, which
compensate for the limitation of the small slope approximation under some circumstances.

Key Words: electromagnetic scattering; foam-sea composite model; Doppler spectrum; small slope approximation;
maxwell-garnett model; vector radiation transmission
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