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Fig.1 Data collection geometry
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Fig.2 Flow chart of the new autofocus algorithm
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Fig.3 [Initial curvilinear aperture for the experimental example
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Fig.4 Scatterer distribution

(a) True scatterer distribution;
(b) Scatterer distribution obtained without autofocus;

(c) Scatterer distribution obtained with autofocus
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A Novel Autofocus and 3-D Target Feature Extraction Algorithm
for Curvilinear SAR

WU Ren-biao, SU Zhi-gang, LIU Jia-xue, LIU Jie

(Institute of Communications and Information Processing , Civil Aviation University of China, Tianjin 300300, China)

Abstract: By transmitting signals with large bandwidth and utilizing the relative motion between the radar and the ob-
jects to be imaged, synthetic aperture radar(SAR)can produce high-resolution images of targets or scenes of interest.
Now,SAR imaging technology has been widely used in many military and civilian applications, such as battlefield aware-
ness, environment monitoring, and city planning. Today, over thirty SAR systems have been put into operation and more
are being built around the world. However, most of them can only produce two-dimensional (2-D)SAR images. In prac-
tice,3-D SAR images and 3-D target feature extraction are needed for many applications. The 3-D features of a target
scatterer include the radar cross-section( RCS) ,the 2-D location(range and cross-range)and the height(the third dimen-
sional parameter)of the scatterer.

Very few papers have discussed the 3-D target feature extraction problem. A popular approach to extract the 3-D tar-
get features is interferometric SAR(IFSAR) , which uses a pair of vertically displaced antennas to obtain coherent and par-
allel measurement apertures. IFSAR can be used to measure the height but has no resolution capability along the height
dimension since it only provides two vertical parallel apertures. Hence IFSAR is only a 2.5-D imaging system. Moreover,
in IFSAR, the height measurement involves the troublesome phase unwrapping procedure. Recently, Knaell proposed a
new idea for the extraction of 3-D target features, which is based on curvilinear SAR(CLSAR) . Unlike the conventional
SAR or IFSAR, whose flight trajectory is a straight line, the flight path of a CLSAR system is curve-shaped. CLSAR can
be used to form synthetic apertures both in the azimuth and in the height dimensions. Hence CLSAR has resolution capa-

bility in the height dimension and the height ambiguity problem encountered in IFSAR is avoided.
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There are two challenging issues associated with CLSAR. First, the flight path of CLSAR cannot be controlled or measured
accurately and the autofocus task here is more complicated than the conventional SAR systems. Second, the aperture of a
CLSAR is like a sparse array. The spread function of a point scatterer has high sidelobes and hence the images obtained
with conventional Fourier analysis have artifacts. We must carefully devise the feature extraction algorithm so that mean-
ingful features can be extracted .

Recently, Wu et al. have proposed a unified robust autofocus algorithm for the conventional 2-D SAR and ISAR
imaging . In this paper, we have successfully extended them to the simultaneous autofocus and 3-D target feature extraction
via CISAR. The new algorithm is a parametric approach but is based on a flexible data model and a robust parameter es-
timation algorithm. The aucofocus is achieved by enhancing the focusing of the dominant scatterers of the target. The ad-
vantages of the new algorithm over existing autofocus algorithms include : 1) selecting the dominant scatterers of a target au-
tomatically in the 3-D image domain,2) eliminating the necessary condition of a target containing well isolated or very
dominant scatterers,3)combining the phase and radar cross section information from the selected scatterers optimally by
minimizing a nonlinear least squares cost function, and 4)avoiding the burdensome phase unwrapping step, The new ap-
proach can be used to significantly improve the estimation accuracy of the target features . Numerical examples are provided
to illustrate the performance of the proposed algorithm.

Key words: synthetic aperture radar; curvilinear synthetic aperture radar; motion compensation ; feature extrac-

tion



