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cussed the characteristic of the images estimated by the con-
ventional algorithms as SAR, FBPK migration, SEABED, Enve-
lope, and IBST with Fourier transform. Next, we presented an
accurate and high-speed imaging algorithm with the evaluation
function of DOA. This algorithm does not require connections
between range points and yet substantially resolves the inaccu-
racy of the conventional algorithm. The numerical simulations
show that the proposed method increases substantially the num-
ber of estimated points with< 0.1 , and also the detection

Fig. 31. (Left) Estimated contour image with SEABED after smoothing anBrObabi”ty' even for the most complex shaped targets. It was

(right) its cross-sectional view at=0 .

Fig. 32. Smoothed image with Envelope from the same view in Fig. 31.

also shown that the calculation time for the proposed method
2-D model is within 0.2 s, which is appropriate for real-time
operation.

We also extended the proposed algorithm to 3-D modeling
and made statistical calculation for tReandy target coordi-
nates. It was conbrmed that this method accomplishes accurate
imaging even for 3-D complex targets. The calculation time for
this method is around 50 s, and it is important in our future
work to enhance the speed of the imaging. For simple target
boundaries such as trapezoidal or spherical targets, there are
advantages in using the conventional algorithm Envelope in
terms of real-time and superresolution imaging. It is promising
to select or combine appropriate algorithms for the assumed
application. In addition, all the algorithms in this paper can
be implemented on the same hardware or radar system, able
to measure the received electric beld for each antenna location.
Future work includes an experimental study of the proposed
method.

APPENDIX
PROOF OFPROPOSITION1

Fig. 33. Smoothed image with the proposed method from the same viewHere, we utilize the following proposition, which has been

in Fig. 31.

proved in [16].
Proposition 2:1f x/ X > 0 holds for all (X,Z), each

of the target boundary is lost by the smoothing of inaccuraigrget boundaryx, z) satisbes
points. Contrarily, Fig. 33 shows the image estimated by the

proposed method from the same view as that in Figs. 31 and 32. (xS X)2+ 22 z? (27)
The white symmetric patches in this Pgure show the removed

surfaces in the smoothing process. The bgure conbrms taere an equal sign holds at only one point(&f Z ). Here,
the image smoothing is effective for the proposed method, atf target point is debned &s(X;),z(X;)), which satisPes
the target boundary can be accurately reconstructed evenX6Xi) = Xi S ZiZix ,, andz(X;) = Z; 1S (Zix,)?, where
complex targets. This result shows that there is a remarkaBle , = Z i/ X ;. Substituting(x(X;), z(X;)) to (27) gives
advantage in using the proposed method in complicated surface . . . .

imaging. In addition, it shows that=0.081 for SEABED, Z7+(XiS$X)*S$2282ZZix (Xi SX) 0. (28)
~=0.097 for Envelope, and=0.060 for the proposed

method. This evaluation quantitatively proves the effectiveneg@ntrarily, the derivative oy (X) for X; is expressed as

of our proposed method. Furthermore, in the case of the targe _ 2 & W\2& 2 & 09 &

which depolarizes an incident wave such as conductive cylinde.rt>< p(Xi) _ ZE+(XiSX)°S 275 2ZiZix, (Xi S X ).

with length much greater than radius, the proposed method ‘ 2(X S Xi)? (29)
hardly reconstructs its original image because this depolariza-
tion highly suppresses the received signals, which reduces Erem (28)
estimation accuracy fax(g39), y(gq39)) as in (23) and (24).
M 0 (30)

X
IV. CONCLUSION . .
holds. Moreover, ifx/ X > 0, then (7) gives
We have proposed a novel imaging algorithm without range

point connections for complex shape targets. First, we dis- (X SXi) (xS Xp(Xi)) O. (31)






