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Abstract Ultra-wide band (UWB) pulse radars have an immeasurable potential for high range resolution imaging
in the near field and are applicable to accurate spatial measurement for rescue robots or security systems. SAR
(Synthetic Aperture Radar) algorithm can create an accurate and stable target image in the near field. However, in
the case of complex or multiple targets, this algorithm suffers from increased shadow regions or a false image caused
by multiple scattering echoes. In general, a propagation path of a multiple scattering wave is different from that
of a single scattering one, then a multiple scattering echo includes an independent information of target surfaces.
This paper proposes a shadow region imaging algorithm based on the aperture synthesis for multiple scattering
data. The performance evaluations in numerical simulation reveal that the proposed method remarkably enlarges
the visible range of target surfaces without a priori information of surrounding environment.
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Fig.1 System model.
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Fig.2 Output of Wiener filter from the complex target.
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Fig.3 Estimated image with the conventional method for the

complex target.
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Fig.4 Output of Wiener filter from the multiple targets.
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Fig.5 Estimated image with the conventional method for the

multiple targets.
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Fig.6 Visible image for complex target with single scattered

wave.
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wave.
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Fig.8 Visible image for complex target with double scattered

wave.
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Fig.9 Visible image for multiple targets with double scattered

wave.

3.2 0O0OO0OO0OoOooooobooOoooboobooo

goooooooooboooooooooooboooooboo
gobooooooooooboouoooooooooooo
gobooooooooooboooooooobooooooo
gobooooooooooboooooooooboooooDooo
gooooooooobooooooouoboboobooooboboo
goooooooooooobocoooooooboooooooo
gebr0O00O00OO00ODOODOOODOOOODODOODOO
goboooooobooooboooboooobooboOoboooooDooo
e6dbodooooooooooooooooooooonon
goobooooobOobooooocoooobOooobooboon
goboooooooooobooooooooobooooooo
goboooobooooooooobooooobooboooryooo
gobobooobooooboobooboouoboboOobooOoooDooboo
goooooog

gboboooobooboooboouoboooobooooo sooa
gooooboooobooooboooobobooboooobooboOooo
gobooooboooobooobooooboobooooboboooa
gobooooooooooboooboooobobooooDooo
goboooooooooooboooooooobooooooo
goboooooooooooboooooooooooooag
goboooobo9onoOooOoOoooOooOooOooOooOoOoOoog
goboooooooooobooooooooooooog



A
COOO0000H =
WA UI~I00©

010 0000000000000 L(r)(ODODO)
Fig.10 Estimated image with double scattered waves for the

complex target.
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Fig. 11 Estimated image with the proposed method for the com-

plex target.
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tiple targets.
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Fig. 14 Estimated image with the proposed method for the com-

plex target in noisy case at S/N=20 dB.
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Fig. 15 Estimated image with the proposed method for the mul-
tiple targets in noisy case at S/N=20 dB.

goboooobooooooboooboboouoobooooobooooooo
goooooooooooobooobooboooooooooo
goobooboooooooooobooooooooboooOoooono

gooooooooobobooooobobb 1401000
gobooocobooocoooooboooooobooobooooo
o00o0oooooooooOoooDooOoOoCcOoOogsSNOoO
20dBO0O0CO0O0O0O0OOOOOOOCOOOOOOOODOOO
goooooooooooooboooobooobouooooo
gobooooboooobooooooooooobooooobooo

gobooooooobooooooboooobooooood
0o00o0ooo L(r)DOODOOODOODODOOOOOOOOD
gobooooooooooobbooobobooooooooog
gooooobooooooooboooobobooboobooooboo
goboooobooooooooboooooOooooooooa
00000Xeon28 GHzOOOOOOOODODODOOODODO
go3ooboooooooo3suooooooooooboooaa
gooboooo

g g

000000000000 oOoUooOUn0 ADDOO
17206044) OO O0O0OODOODO0OOO OODODOOOOO (OO
00 19497) 0000

6. 0 0O O

goooooooobooobooooooobooooobooo
goboooooooooobooooooooobooooooo
goboooooooooooboooooboooooooooo
gobooooooooooboooooboooobooooooo
gobooooooooooobooooobooooboooooDooo
oboobOoboobooboobooboooooooooooooon
goooooODoOo0O0OoOoOoooooOoO20dBOOOOOOO
gobooooboboooboooooobooooobooooooo 3g
gobooooooooboooooooboooboboooo

g a

[1] T. Sakamoto and T. Sato, “A target shape estimation algo-
rithm for pulse radar systems based on boundary scatter-
ing transform,” IEICE Trans. Commun., vol.E87-B, no.5,
pp. 1357-1365, 2004.

[2] T. Sakamoto, “A fast algorithm for 3-dimensional imaging
with UWB pulse radar systems,” IEICE Trans. Commun.,
vol.E90-B, no.3, pp. 636—644, 2007.

3] OO0 OD0O0OODOD DO0OO0D 0ODO0OO0 DOo“UwWwBOOOODO
gooooooOoooooOoooooogoy oooooood
00dQd, vol.J90-B, no.1, pp. 2311-2325, 2007.

[4] S. Kidera, T. Sakamoto and T. Sato, “A Robust and Fast
Imaging Algorithm with an Envelope of Circles for UWB
Pulse Radars”, IFICE Trans. Commun., vol.E90-B, no.7,
pp. 1801-1809, July, 2007.

[6] S. Kidera, T. Sakamoto and T. Sato, “High-Resolution
and Real-time UWB Radar Imaging Algorithm with Direct
Waveform Compensations,” IEEE Trans. Geosci. Remote
Sens., vol. 46, pp. 3503—-3513, no. 11, Nov, 2008.

[6] S. Kidera, T. Sakamoto and T. Sato, “High-Speed UWB
Radar Imaging Algorithm for Complex Target Boundary
without Wavefront Connection,” Proc. of the XXIX Gen-
eral Assembly of URSI, BP17.2, July, 2008.

[7] S. K. Lehmanm and A. J. Devaney, “Transmission mode
time-reversal super-resolution imaging,” Acoust. Soc. Am.,
113 (5), May, 2003.

[8] J. M. F. Moura, and Y. Jin, “Detection by Time Reversal:
Single Antenna,” IEEE Trans. on Signal Process., vol. 55,
no. 1, pp. 187-201, Jan, 2007.

[9) 00O0DO0D0OO0O0OO0O0OO0OO0O“D0000O0D0OO0OoUg
oo uwBOOOODOOODOO”ODOOOOOOO OoOoOQg,
C-1-9, Mar, 2008.

[10] D. L. Mensa, G. Heidbreder and G. Wade, “Aperture Syn-
thesis by Object Rotation in Coherent Imaging,” IEEE
Trans. Nuclear Science., vol. 27, no. 2, pp. 989-998, Apr,
1980.



