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Several new algorithms have been synthesized for optimal processing of signals scattered by

random nonuniformities of the relief at active remote sounding. A feature of these algorithms is the

consideration of interchannel statistical relations between the signals received, and of statistical

relations between the measured parameters set by a priori distributions of probability densities of

these values.

One of the pressing problems of remote sounding of natural media is their exploration by a multichannel radar with

synthesized aperture (RSA). It permits improvement of the accuracy of multiparameter measurements and the quality of

experimental data interpretation by using several radar shots of the same areas (obtained, for instance, at different

frequency ranges, different polarization, different observation angles, etc.). Often the measurement data obtained in

different channels are utilized without strict account for statistical relations between them, and, the processing is

partitioned into primary (production of radar shots) and secondary (interpretation and measurement of image parameters).

This work is devoted to synthesis of full (comprehensive) algorithms for processing of the fields received, including

the whole complex of operations, beginning from the field recording and ending by generation of the measured parameter

estimates. The main attention is concentrated on the field processing peculiarities, which provide for maximum

measurement accuracy. These algorithms can be successfully categorized as the primary and secondary processing of

signals.

The parameters and statistical characteristics of the surfaces (moisture content in the soil, permittivity, mean-square

height of sea waves, the fields of driving wind velocities etc.) in this work are considered as functions of coordinates of the

surface D (map), which is mean about the relief roughness, i.e., � = [�k(r)], r = (x, y) D D. In a particular case, for the

estimated statistical characteristics of a surface we consider the elements of the covariance matrix of scattering [1] and its

diagonal elements, i.e., specific equivalent scattering areas (ESA), which represent the surface image in the

scatter-measuring RSA [2].

The optimal processing algorithms will be sought based on the maximum of the likelihood functional. Since the

parameters to be estimated and statistical characteristics are functions of the coordinates r, the problem is of the variational

type. The optimal estimates will be determined as a solution to the system of likelihood equations

� �
��

� �
��� �

ln [ ( ) / ]

( )

( , , )

( )

P u t

r

R t t

r

u
TT

� � EE
1

2

1 2

00

Spur W t t t t( , , )1 2 1 2� d d �

� �EE
1

2
01

1 2

00

2 1 2u t
W t t

r
u t t tT

TT

( )
( , )

( )
( )

�
�� �

� d d . (1)

43

© 2003 by Allerton Press, Inc.
Authorization to photocopy individual items for internal or personal use, or the internal or personal use of specific clients, is granted by Allerton Press, Inc. for libraries and other users
registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided that the base fee of $50.00 per copy is paid directly to CCC, 222 Rosewood Drive,
Danvers, MA 01923.

Radioelectronics and Communications Systems Izvestiya VUZ. Radioelektronika

Vol. 46, No. 2, pp. 43–48, 2003 Vol. 46, No. 2, pp. 61–70, 2003

UDC 621.396.96 + 537.874.4



REFERENCES

1. V. V. Bogorodskii, D. B. Kanareikin, and A. I. Kozlov, Polarization of Scattered and Intrinsic Radio-Wave

Radiation of the Earth’s Coats [in Russian], Gidrometeoizdat, Leningrad, 1981.

2. Yu. A. Mel’nik (Editor), Radio-Location Methods for Exploration of the Earth [in Russian], Sov. Radio, Moscow,

1980.

3. V. K. Volosyuk, V. F. Kravchenko, and O. A. Gorbunenko, Radiotekhnika, No. 10, pp. 45–52, 1998.

4. V. I. Klyatskin, Stochastic Equations and Waves in Random and Inhomogeneous Media [in Russian], Nauka,

Moscow, 1980.

5. S. Ye. Fal’kovitch and E. N. Khomyakov, Statistical Theory of Measuring Radio-Systems [in Russian], Radio i

Svyaz’, Moscow, 1981.

6. S. M. Rytov, Yu. A. Kravtsov, and V. I. Tatarskii, Foundations of Statistical Radio-Physics. Part 2: Random Fields

[in Russian], Nauka, Moscow, 1978.

7. V. K. Volosyuk, Izv. VUZ. Radioelektronika, Vol. 40, No. 10, pp. 15–25, 1997.

8. V. K. Volosyuk, Izv. VUZ. Radioelektronika, Vol. 43, No. 7, pp. 21–31, 2000.

29 September 2000

48

Radioelectronics and Communications Systems

Vol. 46, No. 2, 2003


