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The Earth Rotation Effects on Distributed Spaceborne SAR-GMTI

YANG Feng-feng LIANG Dian-nong LIU Jian-ping
College of Electronic Science and Engineering National Univ. of Defense Technology Changsha 410073 China

Abstract The earth rotation has two main effects on the distributed spaceborne SAR-GMTI. Firstly the baseline must orient the
same direction of radar’ s footprint on the rotating earth to mitigate the fluctuant terrain clutter and satisfy AT DPCA or STAP condition
which means that proper relationships must be maintained between satellites’ orbit parameters. Secondly Doppler is dependent on
range so yaw steering technique is required to mitigate the warping or extended clutter notch. Based on the two effects a distributed
spaceborne SAR system composed of 3 small satellites was designed to perform GMTI function. Performance simulation was made to scale
the system capability through SCNR loss metric for both X and L bands.
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Fig.1 The earth’ s rotation makes the footprint deviate from velocity Fig.2  The effects of cross track baseline
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Tab.1 Formation fling orbit parameters
m
7159492.7 0.001165 98.5494° 90°
m m
1 7 133.012101° 149.62759° 0.0000 0.0000
2 133.012169° 149.62734° 124.5392 62.2696
3 X 133.012255° 149.62703° 279.2696 139.6348
L 133.012633° 149.62569° 958.5741 479.2870
2 GMTI
Tab.2 Radar system and GMTI parameters
PRF X
2
0.03/0.25m 60MHz 50ps 2000Hz 10x 2. 1m 30deg 00° +3.77°
MDV RCS
2
/s +7.5m/s X 0.367s X 12 5u? 142 . 8km™/s X

+15.6m/s L 3.064s L 1189.0km*/s L




SAR-GMTI 93

DEM 90°

20m/s X

10
11

12

PRF
— SAR STAP -1
SAR 1 3 9~15
2 GMTI

4 ARt (HBIER fams) (AU (Lot fame)

MDV

20
Viat/m-s1) WVong f(mes') Vial f(mes) 2 Wlong /(m-g')
NAEE - 35
30m/s s LBt

4
Fig.4  Theoretical performance

SAR-GMTI
3 SAR/GMTI

30m/s 2m/s L

Zulch P Davis M Adzima L. et al. The Earth Rotation Effect on a LEO L-band GMTI SBR and Mitigation Strategies A . Radar Conference 2004
C  Proc. of IEEE 27 -32.
Pillai S U Himed B Ke Y L. Effect of Earth’ s Rotation and Range Foldover on Space Based Radar Performance A . Radar Conference 2005 C
Proc. of IEEE 137 - 142.
SAR GMTI J. E 2005
356 597-609.
M. 2003.
. SAR I 2005 27 3 72-76.

Leatherwood D A Melvin W L. Adaptive Processing in a Nonstationary Spaceborne Environment A . IEEE Aerospace Conference Proc. C
2003 4 1995 -2003.
Cerutti-Maori D J E. Performance Analysis of Multistatic Configurations for Spaceborne SAR/MTI Based on the Auxiliary Beam Approach A .
EUSAR2004 C 629 - 634.
Cerutti-Maori D J E Ender J H G. An Approach to Multistatic Spaceborne SAR/MTI Processing and Performance Analysis A . IEEE IGARSS
C 2003 4446 —4449.
Ender ] H G. Spacebased SAR/MTI Using Multistatic Satellite Configulations A . EUSAR C 2002 337 -340.

Hitp //atmos. af. op.. dlr. de/projects/scops/orbit _ analysis/orbit _ analysis _ actual . html EB .

LiZF BaoZ et.al. Using Signal Processing Techniques to Improve Performance for Constellation SAR Systems J . IEEE Trans.on AES in
press .

Ender ] H G. Space-time Processing for Multichannel Synthetic Aperture Radar J . Electronics & Communication Engineering Journal. 1999 2
29 -38.





http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200601020.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e5%87%a4%e5%87%a4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%a2%81%e7%94%b8%e5%86%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%bb%ba%e5%b9%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Feng-feng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIANG+Dian-nong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Jian-ping%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%9b%bd%e9%98%b2%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e7%94%b5%e5%ad%90%e7%a7%91%e5%ad%a6%e4%b8%8e%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e6%b9%96%e5%8d%97%2c%e9%95%bf%e6%b2%99%2c410073%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zulch+P%3bDavis+M%3bAdzima+L%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200601020%5e1.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200601020%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Pillai+S+U%3bHimed+B%3bKe+Y+L%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200601020%5e2.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200601020%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e7%9c%9f%e8%8a%b3%3b%e4%bf%9d%e9%93%ae%3b%e6%9d%a8%e5%87%a4%e5%87%a4%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_zgkx-ce200506004.aspx
http://c.g.wanfangdata.com.cn/periodical-zgkx-ce.aspx
http://c.g.wanfangdata.com.cn/periodical-zgkx-ce.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%97%e6%99%93%e5%ae%81%3b%e7%8e%8b%e5%a8%81%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200601020%5e4.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bd%95%e5%b3%b0%3b%e6%a2%81%e7%94%b8%e5%86%9c%3b%e5%88%98%e5%bb%ba%e5%b9%b3%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200503016.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Leatherwood+D+A%3bMelvin+W+L%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cerutti-Maori+D+J+E%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200601020%5e7.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200601020%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cerutti-Maori+D+J+E%3bEnder+J+H+G%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://d.g.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ender+J+H+G%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200601020%5e9.aspx
http://atmos.af.op.dlr.de/projects/scops/orbit-analysis/orbit-analysis-actual.html
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Z+F%3bBao+Z%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200601020%5e11.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200601020%5e11.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ender+J+H+G%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0213010692.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b1%9f%e4%b8%ba%e4%b8%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%9d%e5%a4%a9%e7%8f%a7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a5%e9%a2%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%8c%af%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e4%b8%9c%e8%8b%b1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b6%82%e5%b9%bf%e7%ba%a2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22JIANG+Wei-Wei%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HAO+Tian-Yao%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Yi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Zhen-Feng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHU+Dong-Ying%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHU+Dong-Ying%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TU+Guang-Hong%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dqwlxb200701024&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dqwlxb200701024.aspx
http://c.g.wanfangdata.com.cn/periodical-dqwlxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e7%ba%b2%e9%a2%86%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%95%ac%e6%9c%9d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%99%93%e7%87%95%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgkjcg201019019&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgkjcg201019019.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgkjcg201019019&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgkjcg201019019.aspx
http://c.g.wanfangdata.com.cn/periodical-zgkjcg.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%8d%8d%e5%8d%ab%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e5%a2%9e%e9%95%bf%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ad%8f%e5%b3%b0%e8%bf%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Han-wei%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GUO+Zeng-zhang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WEI+Feng-yuan%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dqwlxjz200806021&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dqwlxjz200806021.aspx
http://c.g.wanfangdata.com.cn/periodical-dqwlxjz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%8d%8d%e5%8d%ab%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%91%e5%8b%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%a8%8a%e6%9c%88%e6%b3%a2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e9%95%bf%e5%bb%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e8%b6%85%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_chxyxb200104002&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_chxyxb200104002.aspx
http://c.g.wanfangdata.com.cn/periodical-chxyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%be%be%e9%81%93%e5%ae%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e4%ba%9a%e5%a4%a9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b6%82%e5%bb%ba%e8%be%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Da+Daoan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yang+Yatian%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Tu+Jianhui%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zkkx2005z1001&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zkkx2005z1001.aspx



http://c.g.wanfangdata.com.cn/periodical-zkkx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e8%80%80%e4%bb%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e6%96%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e7%a2%a7%e6%b3%a2%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_twxb200001008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_twxb200001008.aspx
http://c.g.wanfangdata.com.cn/periodical-twxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e5%bb%b6%e6%9c%ac%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e5%a2%9e%e5%bb%ba%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e5%a8%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e9%9d%92%e7%8e%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e7%91%be%e5%86%b0%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gjdzdt200306001&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gjdzdt200306001.aspx
http://c.g.wanfangdata.com.cn/periodical-gjdzdt.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e4%bf%9d%e5%be%b7%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_kjxx-xsb200818140&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_kjxx-xsb200818140.aspx
http://c.g.wanfangdata.com.cn/periodical-kjxx-xsb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e6%96%87%e8%80%80%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Wen-Yao%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dqwlxb200102005&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dqwlxb200102005.aspx
http://c.g.wanfangdata.com.cn/periodical-dqwlxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e9%93%a7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Hua%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dxwl200606017&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dxwl200606017.aspx
http://c.g.wanfangdata.com.cn/periodical-dxwl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%a5%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%9e%97%e8%ae%a9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%98%93%e4%ba%88%e7%94%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%98%95%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_xadzkjdx200903002.aspx
http://c.g.wanfangdata.com.cn/periodical-xadzkjdx.aspx
http://c.g.wanfangdata.com.cn/periodical-xadzkjdx.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200601020.aspx

