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Experimental Study on Super-Resolution UWB Radar Imaging Algorithm Based

on Extended Capon with Reference Signal Optimization

Shouhei Kidera (University of Electro-Communications), Takuya Sakamoto and Toru Sato (Kyoto University)
Abstract

Near field radar employing UWB signals with its high range resolution is used for various sensing applications, such
as a robotic or security sensor applicable even in a blurry vision. As one of the most promising radar algorithms,
the RPM (Range Points Migration) has been proposed, which achieves fast and accurate surface extraction, even for
complex-shaped objects by avoiding the difficulty of connecting range points. However, in the case of a more complex
target with convex and concave edges on its surface, it still suffers from an image distortion caused by multiple interfer-
ence signals, including a scattered waveform deformation. As a substantial solution, this paper proposes a novel range
extraction algorithm by extending the Capon method. This algorithm combines a reference signal optimization with
the original Capon to enhance a range accuracy or resolution, into which a deformed waveform model is introduced.

The results obtained from numerical simulations and experiment exemplifies that super-resolution UWB radar imaging

is possible, even for an extremely complex-shaped target, including edges.
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Fig.2 True range points (upper) and extracted target points
with RPM (lower).
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Fig.3 Output of Wiener filter and extracted range points.
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Fig.4 Estimated target points with RPM and Wiener filter.
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Fig.5 Waveform comparison for each antenna location in

polygonal target.
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Fig.6 Output of the original Capon method and extracted

range points.
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Fig.7 Estimated target points with RPM and the original
Capon method.
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Fig.8 Output of the extended Capon method and extracted

range points.

True ----
15} Estimated *
N . .
05

-15 -1 -05 0.5 1 15
X

09 00 Capon 00 RPMOOOOOOOOOO
Fig.9 Estimated target points with RPM and the extended

Capon method.
150

Extended Capon — |

Capon e
Wiener filter ==

ts
ey
N
al

'
o
o

~
al

Number of estimated poin

010 Oe0Od0ODOODOO
Fig. 10 Number of the estimated target points for each e.

$(X,Y,Z)00D000 (z,9,2) = (X,Y,00)000000
oooooo
RPM OO 300000000000000 70000
003000000000000000000000000
0000000000000 00000000000000
00 () 00000000000

(2@, y(a*)) = arg max

Ng 3d 3d)2
d z,Y,q9 ,4q; D 3d, ?’d 2
ZS(qi)exp{— ( ) _ D(q™,q;)

2 2
— 207 204,
i=1

)

(10)

ooo ¢ = (X,7,2)0¢* = (X;,Y;,%Z;) 0000
d(z,y,¢*,¢)") D0z =0000000 ¢qO00 ¢, O
0000000000 (2,4,0000000000000
D(¢*,¢¥) = /(X X))+ (Y —¥?) 00000, 00

op 00000000z =4/2%— (2(¢*?) — X)? — (y(g39) — Y)?

4/6



Omni-directional
antenna

PR
FNWAUIO~N00

011 3000000000000 0g
Fig.11 System model in 3-dimensional problem.

z True -~
2 Estimated o
Lol M- T
“ra N R Nevar”
1 -{; ¥ 4 g?

0.5

-2 -1 0 1 2
y

012 RPMOODOO (WienerJOOODODODDODO)
Fig.12 Estimated target points with RPM and the Wiener
filter.

000000000000000000000000000
000000000 s(X,Y,Z)000000 Capon 00
0000O0L=(X,Y,000000 (8000000000
000 (X,Y,Z)OOOOORPMOO0O0O0O0O

3.2 00000000000
0000000000000000000000000
000 11000000000000000000000
—25<X,Y<25000000000005100000
0120000000000 Wiener 0000000000
000D0000000000q =0.1) 0p =0520000
000000000000000000000000000
000000000000000000000000 1300
00 Capon 000 0000000000000O0D0000
000000000000000000000000000
000000000000000000000000000
0000000 140000 Capon 000000 OOOO
00000000000000000000000000
00000000000000000000000000
Capon 00000000000000D0D0000000O0
03000000000000000000000000
000000000000000000000000000
oooo

3.3 000000000000
0000000000000 000000000000

z True
2 Estimated e
1.5 ° r--:ﬁf S‘ --.' o
v W ¥

013 RPMOODOO (OO CaponDOOOODOODO)
Fig. 13 Estimated target points with RPM and the original
Capon method.

z True -~
2 Estimated o

-2 -1 0 1 2
y
014 RPMOODOOO (OO Capon DOOO0O0DDODO)

Fig. 14 Estimated target points with RPM and the extended
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Fig.16 Estimated image obtained by RPM and the Wiener

filter in the experiment.
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