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	Abstract:	
This thesis contains the complete end-to-end simulation, development, implementation, and calibration of the wide bandwidth, low-Q, Kiwi-SAS synthetic aperture sonar (SAS). Through the use of a very stable towfish, a new novel wide bandwidth transducer design, and autofocus procedures, high-resolution diffraction limited imagery is produced. As a complete system calibration was performed, this diffraction limited imagery is not only geometrically calibrated, it is also calibrated for target cross-section or target strength estimation. Is is important to note that the diffraction limited images are formed without access to any form of inertial measurement information. Previous investigations applying the synthetic aperture technique to sonar have developed processors based on exact, but inefficient, spatial-temporal domain time-delay and sum beamforming algorithms, or they have performed equivalent operations in the frequency domain using fast-correlation techniques (via the fast Fourier transform (FFT)). In this thesis, the algorithms used in the generation of synthetic aperture radar (SAR) images are derived in their wide bandwidth forms and it is shown that these more efficient algorithms can be used to form diffraction limited SAS images. Several new algorithms are developed; accelerated chirp scaling algorithm represents an efficient method for processing synthetic aperture data, while modified phase gradient autofocus and a low-Q autofocus routine based on prominent point processing are used to focus both simulated and real target data that has been corrupted by known and unknown motion or medium propagation errors.
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	Abstract:	
After a short introduction to the principles of SAR speckle generation and its statistical properties, we give a review of different speckle simulation methods described in literature. Then, the implementation of some selected algorithms is described, and their performance is tested on simulated ERS-1 images. Special attention is paid to the modeling of multiple looks, and the differences between image pixel size and original radar ground resolution. A chi-square distribution and a Rayleigh distribution with multiple file averaging were found to produce the most realistic results.
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	Abstract:	
This paper presents 35, 95, and 225 GHz polarimetric radar backscatter data from snowcover. It compares measured backscatter data with detailed in situ measurements of the snowcover including microstructural anisotropies within the snowpack. Observations of backscatter mere made during melt-freeze cycles, and measurable differences in the normalized radar cross section between older metamorphic snow and fresh low-density snow were observed. In addition, these data show that the average phase difference between the copolarized terms of the scattering matrix, S/sub vv/and S/sub hh/, is nonzero for certain snow types. This phase difference was found to be related to snowpack features including anisotropy, wetness, density, and particle size. A simple backscatter model based on measured particle size and anisotropy is found to predict the Mueller matrix for dry snowcover with reasonable accuracy.
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	Abstract:	
In this paper, we provide a review of the different approaches used for target decomposition theory in radar polarimetry. We classify three main types of theorem; those based on the Mueller matrix and Stokes vector, those using an eigenvector analysis of the covariance or coherency matrix, and those employing coherent decomposition of the scattering matrix. We unify the formulation of these different approaches using transformation theory and an eigenvector analysis. We show how special forms of these decompositions apply for the important case of backscatter from terrain with generic symmetries
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	Abstract:	
Image formation from squint mode synthetic aperture radar (SAR) is limited by image degradations caused by neglecting the range-variant filtering required by secondary range compression (SRC). Introduced here is a nonlinear FM chirp scaling, an extension of the chirp scaling algorithm, as an efficient and accurate approach to range variant SRC. Two methods of implementing the approach are described. The nonlinear FM filtering method is more accurate but adds a filtering step to the chirp scaling algorithm, although the extra computation is less than that of a time domain residual compression filter. The nonlinear FM pulse method consists of changing the phase modulation of the transmitted pulse, thus avoiding an increase in computation. Simulations show both methods significantly improve resolution width and sidelobe level, compared with existing SAR processors for squint angles above 10 deg for L-band and 20 deg for C-band.
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	Abstract:	
Any method that permits retrieving full range (unwrapped) phase values starting from their (- pi;, pi;) determination (wrapped phase) can be defined as a phase unwrapping technique. This paper addresses a new procedure for phase unwrapping especially designed for interferometric synthetic aperture radar applications. The proposed algorithm is based on use of Green's first identity. Results on simulated as well as on real data are presented. They both confirm the excellent performance of the procedure
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	Abstract:	
This paper presents a new range and Doppler centroid estimation algorithm for a ScanSAR system. This algorithm is based on processing the image data in the overlapped region of two bursts of the same beam or adjacent beams. It leads to highly accurate radar pointing angles that are paramount to achieving good radiometric performance in ScanSAR imagery. The achievable accuracy is derived theoretically and verified by tests performed using SIR-C ScanSAR data and ERS data. This algorithm is computationally efficient and easy to implement. The proposed Doppler centroid estimation algorithm is also an excellent candidate for a strip mode SAR system.
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	Abstract:	
The differential phase technique has been widely used in various sonar systems; however, uncertainties associated with the estimation of scatterer depths are not completely understood. Numerical simulations for multiple bottom scatterers are performed, and they show that the uncertainties of depth measurements, in the absence of noise interferences, are much greater than the amount explainable by the uncertainty associated with the signal-arrival-angle within an instantaneous insonified area. The cause of the excess deviation is analyzed, particularly for the two-scatterer case. This kind of error is referred to as ldquo;baseline decorrelation rdquo; which is related to the speckle phenomena and can be considered as an equivalent noise source. Experimental data obtained by a particular high-frequency (40 kHz) interferometric system, the Benthic Acoustic Measurement System (BAMS) developed by the Applied Physics Laboratory, University of Washington, at a flat sandy bottom off the coast of Panama City, FL, were analyzed. Both analytical formulas and a numerical model are given to estimate the measurement uncertainty caused by the baseline decorrelation, as well as noise interferences based on the parameters of the BAMS, in order to understand uncertainties of the differential phase estimation. It is found that baseline decorrelation is the main source of error for the BAMS for grazing angles greater than 12 deg;. The measurement uncertainties at this grazing angle interval are in agreement with the theoretical predictions
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	Abstract:	
Both topography and motion information are present in repeat pass ERS-1 interferograms over ice sheets. The authors demonstrate that the topography is separable from the surface displacement field when a sequence of radar images are available. If the velocity field is constant over the time span of observation, the topography can be derived from differential interferograms formed from sequential observations. With this measurement, a pure displacement field can then be obtained by removal of the topographic contribution to the interferometric phase at each pixel. Further, they discuss how the vertical and horizontal components of displacement affect the interferometrically-derived motion field. They illustrate their approach with four successive (3-day repeat) ERS-1 images of a flow feature in northeastern Greenland
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	Abstract:	
The authors exploit the interferometric multifrequency potentiality of the SIR-C/X-SAR system which is equipped with an L-, C-, and X-band sensor. They present a solution to improve the unwrapping performance of the C- and X-band data by considering the L-band unwrapped pattern. A new algorithm for the generation of a single digital elevation model (DEM) combining L-, C-, and X-band information is presented. This solution is based on the fusion of the unwrapped phase patterns by using a Kalman filter. The proposed fusion operation also accounts for the coherence characteristics of the three data sets. The selected test site is the Mt. Etna region in Italy which is very interesting from the volcanological and geological point of view. Numerical assessments of the achieved results are provided by evaluating the height accuracy with respect to a reference DEM
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	Abstract:	
The relative dielectric constant, or relative permittivity, \epsilon of dry snow, is independent of frequency from about 1 MHz up to the microwave range of at least 10 GHz. New measurements of with improved accuracy were made with a specially designed resonator operating near 1 GHz. The coaxial sensor accurately defines the sample volume whose actual mass can be determined to give the density of the snow sample. A special electronic instrument, called a resometer, enabled accurate and rapid measurements under field conditions. Some 90 measurements of different kinds of dry snow (fresh, old, wind-pressed snow, depth hear, and refrozen crusts) were made at test sites in the Swiss and Austrian Alps. The data indicate that \epsilon is a function of snow density only, given that the standard deviation of 0.006 from the fitted curve is just due to the expected measurement errors. The interpretation of these data in terms of physical mixing theory favors the effective medium formula of Polder and van Santen (1946). The data allow to relate the average axial ratio X as a function of ice volume fraction. Both prolate and oblate spheroids can explain the data. Independent reasoning gives preference to oblate particles. In both cases, the axial ratio increases with increasing fraction up to a critical value of 0.33, followed by a decrease at still higher fractions. The destructive metamorphism of slowly compacting snow explains the increase of X, while the following decrease might be due to sintering. So far, no effect on \epsilon by a liquid-like surface layer on the ice grains at temperatures between -10 deg C and 0 deg C has been observed
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	Abstract:	
The focusing quality of a SAR processor greatly depends on the accuracy of the system geometry estimate. Sometimes ancillary data do not provide enough accuracy, therefore autofocusing has to be performed to get the finest quality possible. A residual azimuth compression is introduced to show how a defocused image can be compensated by means of a monodimensional local operator. The residual transfer function that generates defocusing is then derived. The effects of the defocusing are shown on both a complex single SAR image and a SAR interferogram. SAR interferograms, however, are much more sensitive to defocusing than the single SAR image. Two algorithms have been developed to estimate, and compensate for, the defocusing in both the single SAR image and SAR interferometric cases. The processors select data suitable for estimating focusing parameters from the whole images by exploring Kurtosis (for single image focusing) or coherence (for interferometric autofocusing). The residual, short time-domain operator is then exploited to retrieve the focusing parameter values and, finally, to get the focused image. The limitations and accuracy of the algorithm in terms of parameter estimation are investigated. Experimental results, obtained from different SAR missions, are presented
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	Abstract:	
This paper resents a generalized formulation of the extended chirp scaling (ECS) approach for high precision processing of air- and spaceborne SAR data. Based on the original chirp scaling function, the ECS algorithm incorporates a new azimuth scaling function and a subaperture approach, which allow an effective phase-preserving processing of ScanSAR data without interpolation for azimuth geometric correction. The azimuth scaling can also be used for automatic azimuth coregistration of interferometric image pairs which are acquired with different sampling distances. Additionally, a novel range scaling formulation is proposed for automatic range coregistration of interferometric image pairs or for improved robustness for the processing of highly squinted data. Several simulation and processing results of air- and spaceborne SAR data are presented to demonstrate the validity of the proposed algorithms
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	Abstract:	
Trihedral corner reflectors are widely used as calibration targets for imaging radars because of their large radar cross section (RCS) and extremely wide RCS pattern. An important source of uncertainty in the RCS of a trihedral sitting on a ground plane is the coherent interaction of the ground plane with the trihedral. At UHF and low microwave frequencies the large physical size of corner reflectors become a limiting factor in regard to difficulties in field deployment and deviation of their RCS from the expected values. In this paper, a general class of corner reflectors with high-aperture efficiency referred to as self-illuminating corner reflectors, is introduced whose coherent interaction with the surrounding terrain is minimized and their total surface area is two-thirds of that of a triangular corner reflector having the same maximum RCS. Analytical expressions based on geometrical optics and a new numerical solution based on near-field physical optics for the RCS of two simple self-illuminating corner reflectors are presented and compared with backscatter measurements. Also the panel geometry for an optimum corner reflector which has the shortest edge length among polygonal self-illuminating corner reflectors is obtained. High-aperture efficiency is achieved at the expense of azimuth and elevation beamwidth. It is shown that the 1-dB RCS beamwidths of the optimal corner reflectors, both in azimuth and elevation directions, are about 16 deg. RCS measurements of corner reflectors in the presence of a ground plane show that the RCS of self-illuminating corner reflectors are less affected by the coherent ground interaction
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	Abstract:	
This paper presents a method for imaging from the slant plane data collected by a synthetic aperture radar (SAR) over the full rotation or a partial segment of a circular flight path. A Fourier analysis for the Green's function of the imaging system is provided. This analysis is the basis of an inversion for slant plane circular SAR data. The reconstruction algorithm and resolution for this SAR system are outlined. It is shown that the slant plane circular SAR, unlike the slant plane linear SAR, has the capability to extract three-dimensional imaging information of a target scene. The merits of the algorithm are demonstrated via a simulated target whose ultra wideband foliage penetrating (FOPEN) or ground penetrating (GPEN) ultrahigh frequency (UHF) radar signature varies with the radar's aspect angle




@Article{Soumekh1996,
author = {Soumekh, M.},
journal = {Image Processing, IEEE Transactions on},
title = {Reconnaissance with slant plane circular SAR imaging},
year = {1996},
issn = {1057-7149},
number = {8},
pages = {1252--1265},
volume = {5},
abstract = {This paper presents a method for imaging from the slant plane data collected by a synthetic aperture radar (SAR) over the full rotation or a partial segment of a circular flight path. A Fourier analysis for the Green's function of the imaging system is provided. This analysis is the basis of an inversion for slant plane circular SAR data. The reconstruction algorithm and resolution for this SAR system are outlined. It is shown that the slant plane circular SAR, unlike the slant plane linear SAR, has the capability to extract three-dimensional imaging information of a target scene. The merits of the algorithm are demonstrated via a simulated target whose ultra wideband foliage penetrating (FOPEN) or ground penetrating (GPEN) ultrahigh frequency (UHF) radar signature varies with the radar's aspect angle},
booktitle = {Image Processing, IEEE Transactions on},
keywords = {SAR Processing, Non-Linear Flight Path, Fourier analysis, Fourier transforms, Green's function methods, image reconstruction, image resolution, inverse problems, radar imaging, synthetic aperture radar, Green's function, SAR data inversion, SAR system, aspect angle, circular flight path, full rotation, ground penetrating UHF radar signature, imaging system, partial segment, reconnaissance, reconstruction algorithm, simulated target, slant plane circular SAR imaging, slant plane data, slant plane linear SAR, target scene, three-dimensional imaging, ultrawideband foliage penetrating radar signature},
owner = {ofrey},
pdf = {../../../docs/soumekh1996.pdf},
url = {http://ieeexplore.ieee.org/iel4/83/11100/00506760.pdf},

}










	
Robert N. Treuhaft,
Soren N. Madsen,
Mahta Moghaddam,
 and Jakob van Zyl.
Vegetation characteristics and underlying topography from interferometric radar.
Radio Science,
31(6):1449-1485,
1996.
  Keyword(s): SAR Processing,
InSAR,
Interferometry,
Vegetation Parameters,
Parameter Extraction,
Topography,
SAR Tomography.

	Abstract:	
This paper formulates and demonstrates methods for extracting vegetation characteristics and underlying ground surface topography from interferometric synthetic aperture radar (INSAR) data. The electromagnetic scattering and radar processing, which produce the INSAR observations, are modeled, vegetation and topographic parameters are identified for estimation, the parameter errors are assessed in terms of INSAR instrumental performance, and the parameter estimation is demonstrated on INSAR data and compared to ground truth. The fundamental observations from which vegetation and surface topographic parameters are estimated are (1) the cross-correlation amplitude, (2) the cross-correlation phase, and (3) the synthetic aperture radar (SAR) backscattered power. A calculation based on scattering from vegetation treated as a random medium, including the effects of refractivity and absorption in the vegetation, yields expressions for the complex cross correlation and backscattered power in terms of vegetation characteristics. These expressions lead to the identification of a minimal set of four parameters describing the vegetation and surface topography: (1) the vegetation layer depth, (2) the vegetation extinction coefficient (power loss per unit length), (3) a parameter involving the product of the average backscattering amplitude and scatterer number density, and (4) the height of the underlying ground surface. The accuracy of vegetation and ground surface parameters, as a function of INSAR observation accuracy, is evaluated for aircraft INSAR, which is characterized by a 2.5 m baseline, an altitude of about 8 km, and a wavelength of 5.6 cm. It is found that for ~0.5% accuracy in the INSAR normalized cross-correlation amplitude and ~5% accuracy in the interferometric phase, few-meter vegetation layer depths and ground surface heights can be determined from INSAR for many types of vegetation layers. With the same observational accuracies, extinction coefficients can be estimated at the 0.1-dB/m level. Because the number of parameters exceeds the number of observations for current INSAR data sets, external extinction coefficient data are used to demonstrate the estimation of the vegetation layer depth and ground surface height from INSAR data taken at the Bonanza Creek Experimental Forest in Alaska. This demonstration shows approximately 5 m average ground truth agreement for vegetation layer depths and ground-surface heights, with a clear dependence of error on stand height. These errors suggest refinements in INSAR data acquisition and analysis techniques which will potentially yield few-meter accuracies. The information in the INSAR parameters is applicable to a variety of ecological modeling issues including the successional modeling of forested ecosystems.




@Article{treuhaftMadsenMoghaddamVanZyl96:.pdf,
Title = {Vegetation characteristics and underlying topography from interferometric radar},
Author = {Robert N. Treuhaft and S{\o}ren N. Madsen and Mahta Moghaddam and Jakob van Zyl},
Number = {6},
Pages = {1449-1485},
Volume = {31},
Year = {1996},
Abstract = {This paper formulates and demonstrates methods for extracting vegetation characteristics and underlying ground surface topography from interferometric synthetic aperture radar (INSAR) data. The electromagnetic scattering and radar processing, which produce the INSAR observations, are modeled, vegetation and topographic parameters are identified for estimation, the parameter errors are assessed in terms of INSAR instrumental performance, and the parameter estimation is demonstrated on INSAR data and compared to ground truth. The fundamental observations from which vegetation and surface topographic parameters are estimated are (1) the cross-correlation amplitude, (2) the cross-correlation phase, and (3) the synthetic aperture radar (SAR) backscattered power. A calculation based on scattering from vegetation treated as a random medium, including the effects of refractivity and absorption in the vegetation, yields expressions for the complex cross correlation and backscattered power in terms of vegetation characteristics. These expressions lead to the identification of a minimal set of four parameters describing the vegetation and surface topography: (1) the vegetation layer depth, (2) the vegetation extinction coefficient (power loss per unit length), (3) a parameter involving the product of the average backscattering amplitude and scatterer number density, and (4) the height of the underlying ground surface. The accuracy of vegetation and ground surface parameters, as a function of INSAR observation accuracy, is evaluated for aircraft INSAR, which is characterized by a 2.5 m baseline, an altitude of about 8 km, and a wavelength of 5.6 cm. It is found that for ~0.5% accuracy in the INSAR normalized cross-correlation amplitude and ~5% accuracy in the interferometric phase, few-meter vegetation layer depths and ground surface heights can be determined from INSAR for many types of vegetation layers. With the same observational accuracies, extinction coefficients can be estimated at the 0.1-dB/m level. Because the number of parameters exceeds the number of observations for current INSAR data sets, external extinction coefficient data are used to demonstrate the estimation of the vegetation layer depth and ground surface height from INSAR data taken at the Bonanza Creek Experimental Forest in Alaska. This demonstration shows approximately 5 m average ground truth agreement for vegetation layer depths and ground-surface heights, with a clear dependence of error on stand height. These errors suggest refinements in INSAR data acquisition and analysis techniques which will potentially yield few-meter accuracies. The information in the INSAR parameters is applicable to a variety of ecological modeling issues including the successional modeling of forested ecosystems.},
Journal = {Radio Science},
Keywords = {SAR Processing, InSAR, Interferometry, Vegetation Parameters, Parameter Extraction, Topography, SAR Tomography},
Owner = {ofrey},
Pdf = {../../../docs/treuhaftMadsenMoghaddamVanZyl96.pdf} 
}










	
Lars M. H. Ulander.
Radiometric slope correction of synthetic-aperture radar images.
IEEE Transactions on Geoscience and Remote Sensing,
34(5):1115-1122,
1996.
    Keyword(s): SAR Processing,
Radiometric Correction,
Topography,
geophysical techniques,
radar imaging,
remote sensing by radar,
spaceborne radar,
synthetic aperture radar,
SAR,
algorithm,
calibration equation,
fringe frequencies,
geophysical measurement technique,
land surface,
maximum-likelihood estimator,
radar remote sensing,
radiometric slope correction,
synthetic aperture radar image,
terrain mapping,
topographic height variation.

	Abstract:	
The brightness in a SAR image is affected by topographic height
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	Abstract:	
This paper describes a complete end-to-end Doppler centroid estimation scheme, which determines the fractional PRF part of the Doppler centroid. It also resolves the Doppler ambiguity. Experiments show that the scheme works successfully over various terrain types, including land, water, and ice, and that it requires only a modest amount of SAR data to perform reliably. The proposed scheme has an added advantage that it is directly applicable to RADARSAT and ENVISAT ScanSAR data. The scheme uses two complementary Doppler estimation algorithms, both utilizing the phase information embedded in the radar signal. In each algorithm, upper and lower parts of the available bandwidth of the received signal are extracted to form two range looks. The first algorithm, called multilook cross correlation (MLCC), computes the average cross correlation coefficient between adjacent azimuth samples for each of the two looks and then takes the difference between the angles of the two coefficients. The Doppler ambiguity is determined from the angle difference. The fractional pulse repetition frequency (PRF) part is also determined from the cross correlation coefficients. In the second algorithm, called multilook beat frequency (MLBF), the two looks are multiplied together to generate a beat signal. The beat frequency is then estimated and the Doppler ambiguity determined from the beat frequency. The MLCC algorithm performs better with low contrast scenes while the MLBF works better with high contrast ones. Although each algorithm works well on its own with sufficient averaging, it is also possible to use quality measures to select the best result from either algorithm. In this way, scenes of different content or contrast can be handled reliably. This paper presents the analysis of the two algorithms, explaining why their performance is affected by scene contrast, which is confirmed by experimental results with ERS-1 and JERS-1 data.
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	Abstract:	
This paper approaches the problem of canceling the disturbances due to RF interferences in P-band, airborne SAR missions. Two techniques are introduced: one exploits MUSIC to estimate the interferences' frequencies, and then performs notch filtering at that frequencies; whereas the other adaptively estimate the interference contributions and cancel them by means of in-phase subtraction. Both techniques have been successfully tested on the data acquired by the DLR E-SAR sensor over urban areas.
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	Abstract:	
A real time technique to get strip-map SAR interferograms and coherence maps with common Unix Workstations is presented. For the ERS mission, the ?real time? throughput corresponds to approximately 1/8 of PRF: e.g. ~4 min for processing a 100?100 km image pair. The proposed algorithm achieves that goal on a medium cost 160 Mflops/s Unix Workstation. The output is a 5 looks averaged interferogram, with a geometric resolution of 50?50.




@InProceedings{gatelliMontiGuarnieriPratiRocca96:QuicklookPresumming,
author = {Gatelli, F. and Monti-Guarnieri, Andrea and Prati, Claudio and Rocca, Fabio},
booktitle = {IGARSS '96, International Geoscience and Remote Sensing Symposium},
title = {Medium resolution efficient phase preserving focusing for interferometry},
year = {1996},
pages = {671--673},
volume = {1},
abstract = {A real time technique to get strip-map SAR interferograms and coherence maps with common Unix Workstations is presented. For the ERS mission, the ?real time? throughput corresponds to approximately 1/8 of PRF: e.g. ~4 min for processing a 100?100 km image pair. The proposed algorithm achieves that goal on a medium cost 160 Mflops/s Unix Workstation. The output is a 5 looks averaged interferogram, with a geometric resolution of 50?50.},
keywords = {SAR Processing, Presumming, Interferometry, geophysical signal processing, geophysical techniques, image processing, image resolution, radar imaging, radar signal processing, synthetic aperture radar, SAR imagery, SAR interferometry, Unix Workstations, algorithm, coherence map, geophysical measurement technique, geophysics computing, image pair, land surface, medium resolution efficient phase preserving focusing, radar remote sensing, real time method, strip-map SAR interferogram, terrain mapping},
owner = {ofrey},
pdf = {../../../docs/gatelliMontiGuarnieriPratiRocca96.pdf},
url = {http://ieeexplore.ieee.org/iel3/3772/11016/00516438.pdf},

}










	
H. Hellsten,
Lars M. H. Ulander,
A. Gustavsson,
 and B. Larsson.
Development of VHF CARABAS II SAR.
In Proc. SPIE,
volume 2747,
pages 48-60,
June 1996.


@InProceedings{hellstenUlanderGustavsson1996:CARABASII,
Title = {Development of {VHF} {CARABAS~II} {SAR}},
Author = {{Hellsten}, H. and {Ulander}, Lars M. H. and {Gustavsson}, A. and {Larsson}, B.},
Booktitle = {Proc. SPIE},
Month = jun,
Pages = {48-60},
Volume = {2747},
Year = {1996},
Adsnote = {Provided by the SAO/NASA Astrophysics Data System} 
}










	
J. Homer,
I.D. Longstaff,
 and G. Callaghan.
High resolution 3-D SAR via multi-baseline interferometry.
In IEEE International Geoscience and Remote Sensing Symposium, IGARSS'96,
volume 1,
pages 796-798,
May 1996.
      Keyword(s): SAR Processing,
SAR Tomography,
Tomography,
geophysical techniques,
radar imaging,
remote sensing by radar,
spaceborne radar,
synthetic aperture radar,
topography (Earth)3D imagery,
InSAR,
Multi-baseline Interferometry,
SAR imaging,
azimuth resolving capability,
geophysical measurment technique,
interferometric SAR,
land surface topography,
node aperture,
normal-to-slant-range direction,
procedural outline,
radar remote sensing,
terrain height,
terrain mapping,
theoretical analysis,
three dimensional SAR method.

	Abstract:	
The ability of interferometric SAR (InSAR) to provide terrain height estimation can be interpreted as being due to the baseline (of the two SAR imaging flight paths) acting as an aperture in the normal-to-slant-range (n&oarr;) direction. However, the aperture, because it consists of only two nodes, has effectively no resolving power. The authors introduce and examine a technique which synthesises an N>2 node aperture in the n&oarr; direction from N-1 connected baselines. This, together with the slant-range and azimuth resolving capability of SAR imaging systems, enables the generation of high resolution 3D imagery. A theoretical analysis and procedural outline of the proposed technique are presented
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	Abstract:	
Three-dimensional information content in radar data taken from suitably curved aperture paths is sufficient to allow useful 3D images to be produced by appropriate imaging techniques. The coherent CLEAN algorithm, the IMP algorithm, and maximum likelihood estimation have been used to produce 3D images from data obtained for two such scenarios. The IMP algorithm in conjunction with likelihood extremization produces images free of sidelobe leakage effects found in the CLEAN algorithm. The CLEAN and IMP algorithms find use initiating likelihood extremization on or near its global maximum. Dynamic range of such images appears dependent upon levels at which artifacts appear although valid scatterers are indicated below such levels. Artifacts appear to be a function of the image sidelobes determined by the aperture configuration. Reduction of this problem and methods to increase image size will extend the general usefulness of this technique
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	Abstract:	
We consider the application of an alternative imaging algorithm to the inversion of strip-mapping synthetic aperture radar (SAR) data. The algorithm was originally developed and successfully applied in the area of geophysics to estimate the conductivity distribution from wellbore induction measurements. The SAR measurement relation satisfies the same form of integral equation describing the wellbore problem. By exploiting the form of the measurement kernel, we derive a SAR image formation algorithm involving deconvolution-backprojection. Unlike correlation-based SAR image formation, our approach is more general, without simplifying assumptions on the range function, and is robust to measurement noise, at the expense of increased computational complexity. Simulation results are presented that demonstrate the effectiveness of the proposed algorithm.
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	Abstract:	
A new, fast algorithm for synthetic aperture radar (SAR) image formation is introduced. The algorithm is based on a decomposition of the time domain backprojection technique. It inherits the primary advantages of time domain backprojection: simple motion compensation, simple and spatially unconstrained propagation velocity compensation, and localized processing artifacts. The computational savings are achieved by using a divide-and-conquer strategy of decomposition, and exploiting spatial redundancy in the resulting sub-problems. The decomposition results in a quadtree data structure that is readily parallelizable and requires only limited interprocessor communications. For a SAR with N aperture points and an N by N image area, the algorithm is seen to achieve O(N^2 logN) complexity. The algorithm allows a direct trade between processing speed and focused image quality.
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