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ABSTRACT

In this thesis, the theory and application techniques of wide-band radar polarization
information processing are investigated deepgoingly and systematically against the background of
wide-band polarimetric radar system.

A completely new concept of instantaneous polarization (IP) is introduced in this thesis,
which essentially break through the “hammonic” or “narrow-band” constant restrictions on classical

polarization concept. With the concept of instantaneous polarization being the nucleus, a
completely new framework of theory on electromagnetic(EM) polarization information processing is
constructed. Not only does this theory covers the whole system of classical polarimetry, but also it
provides powerful theoretic tools for the representation of inconstant EM waves’ polarization and
description of radar target’ s wide-band polarization scattering characteristics. Using this theory
system, some application subjects, such as EM signal filtering, radar target enhancement, radar
signal and target detection, and radar target recognition, are investigated deepgoingly.

The work of this thesis includes two levels:

The first level is mainly concemed with the basic theory on EM polarization information
processing. On the instantaneous polarization representation of EM waves, some basic concepts,
such as EM wave’s instantaneous polarization descriptor, instantaneous polarization time-frequency
distribution, instantaneous polarization projection set, polarization cluster center, polarization
divergence, polarization measure, instantaneous polarization state velocity, are introduced. With
regard to the description of radar target’ s polarization scattering characteristics in the sense of
instantaneous polarization, target’s instantaneous polarization scattering equation and instantaneous
polarization scattering measurement equation are deduced. Via the concepts of target instantaneous
polarization scattering operator and instantaneous polarization measurement operator, target’ s
polarization scattering characteristics are described. Furthermore, some characteristic parametric

description methods, which are based on the concepts of target scattered wave’ s polarization
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cluster center spectrum, instantaneous polarization state velocity spectrum and its polarization-domain
average distribution, are introduced. These concepts and methods establish the theoretic basis for
the followed application investigation on radar polarization information processing.

In the second level, the above basic theory is utilized to investigate some application
problems in the fields of EM signal filtering, radar target enhancement, radar echoes and target
detection and target scattering feature extraction and recognition, against the background of
wide-band and high-resolution radar system. Firstly the problem of SINR- and PDSI-sense
wide-band polarization filtering are discussed. Performances of these polarization filters are
analyzedin detail. Secondly, the set representations of wide-band radar transmitting and receiving
antennas’ constraints are introduced. A nonlinear programming model is constructed for
SCR-based target polarization enhancement problem. Using Lagrange multiplier method, this
nonlinear optimization problem is finally transformed to a series of linear optimization problems
and a zero-search problem of a monotone function. The IBSA algorithm is presented on this basis,
which realizes the linearized fast solution of the optimization problem of quotiented polarization
enhancement for the first time. Thirdly, the concept of transverse polarization filtering is
introduced, by which the problem of wide-band and high-resolution radar echoes and target
polarization detection is investigated. It is proved that the optimization of detection performances
in polarization domain be essentially problems of optimal wide-band polarization filtering and
enhancement. Wide-band and high-resolution radar detection experiments are performed with two
kinds of real aircraft targets in three kinds of ground clutter. In comparison with conventional
single-polarization high-resolution radar detection performances, distinguished improvements are
achieved. Finally, beginning with the description of target’ s wide-band polarization scattering
characteristics, problems of target wide-band scattering feature extraction and recognition are
investigated. Concepts of target polarization scattering non-isotropy degree, wide-band polarization
scattering non-isotropy degree polarization-domain spectrum and its marginal distributions are
introduced. Corresponding target features are then extracted. Furthermore, concepts of target
wide-band polarization scattering structure’ s stability, integration stability and corresponding
distribution densities, target stability entropy are introduced. These concepts describe target
polarization scattering stability quantitatively. Via Beta distribution parametric fitting, target’ s
stability features are extracted. From two different points of view, target’s wide-band polarization-



ABSTRACT i

domain dispersion phenomena are described by using the concepts of polarization measure and
polarization divergence, respectively. Therefore the polarization-domain dispersion features are
extracted. On the basis of above-mentioned target polarization scattering features, wide-band
radar recognition experiments are performed for five kinds of military aircraft targets. Two kinds of
recognition algorithms, which are based on high-dimension feature space linearly demarcation and
tree-like classifiers, respectively, are presented. Satisfied recognition results are achieved for
both of these two algorithms.

Key words: Wide-band polarization information processing, Instantaneous polarization,
Instantaneous polarization projection set, Polarization cluster center, Polarization divergence,
Polarization measure, Instantaneous polarization state velocity, Instantaneous polarization time-
frequency distribution, Instantaneous polarization scattering operator, Instantaneous polarization
measurement operator, Transverse polarization filtering, Polarization-domain dispersion, Target
wide-band polarization scattering non-isotropy degree, Polarization-domain spectrum, Target
instantaneous polarization scattering structure stability degree, Target instantaneous polarization
scattering structure stability entropy, Polarization filtering, Polarization target enhancement,

Polarization target recognition, Tree-like classifier
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