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Abstract – 

                                                 Ground Moving Target Indication (GMTI) radar using separated spacecraft interferometry at radio wavelengths promises to be a powerful new all-weather surveillance tool. This paper analyses a novel processing algorithm by which radar data from separated space craft can be combined to yield high resolution maps.

A method of performing space based GMTI using radar interferometric processing is pre​sented. The algorithm, referred to as Scanned Pattern Interferometric Radar (SPIR), uses the high angular variability of a sparse array Point Spread Function (PSF) to collect suffi​cient data from the signal return that the clutter and targets can be separated without an a priori assumption of the clutter statistics. Numerical solution of SPIR systems by conventional linear algebra techniques is not feasible since the system conditioning is poor. The CLEAN algorithm, developed in the astronomical interferometry field, delivers promising results. Although clutter ampli​tude is random in nature, its position and doppler shift are geometrically related. An adapted version of CLEAN that uses this information shows improved target recovery. Prior target information can be used to further improve detection of both existing and new targets.

Index Terms -- CLEAN, interferometer,

point spread function, resolution.

INTRODUCTION

Image Construction Using Interferometry:

Space borne radar systems offer significant advantages over airborne systems. Airborne systems require large support infrastructures and significant deployment time and risk the safety of pilots. In contrast, space borne radar can offer nearly continuous global coverage without appreciable operator risk. 

Monolithic space borne systems are expensive, and subject to single-point failure. Interferometer radar systems use several spacecraft to deliverreliable and cost-effective perfor​mance. Whereas single aperture systems have to compromise between resolution and field-of-view, multiple aperture interferometers can provide both high resolution and wide coverage. The resolution of the interferometer is determined by the maximum distance (baseline) between apertures, while the field-of-view is determined by the individual aperture response.

In the case where the apertures are distributed across three dimensions, the discussions can be applied by projecting the apertures onto a plane. We turn to Fourier theory for aid in understanding the interferometer.  

The discrete Fourier transform acts as a bank of narrowband filters. Given the DFT of a band-limited time-domain signal, and assuming that the sampling frequency is high enough to prevent aliasing, we can reconstruct the time-domain signal with increasing accuracy as the spacing between the filters is decreased. This corresponds to increasing the sampling interval   f∆ = 1 / T .An interferometer can be thought of as a DFT. In this case the centre frequencies of the bank of filters correspond to the spatial frequencies, (ui, vi) sampled by the interferome​ter. The sampled spatial frequency in a particular dimension is the component of the aper​ture spacing projected normal to the line of sight        ( LOS) to the foot print. As discussed by shaw    [ 1] there are three design considerations for a space borne radar are first the radar must have sufficient power aperture product, Second high range and angular resolution ,third the radar must reject clutter and noise sufficiently to provide the specified probability of detection and false alarm rate.

II. The Point Spread Function of an Interferometer:

An individual aperture’s behavior is conveniently characterized by its antenna pattern, or point spread function. The idea carries through to an interferometer, for which the PSF is particularly useful The PSF of an interferometer is a separable function of the individual aperture response as well as the distribution of the apertures in space[2]. If we assume that the aperture responses are identical, as is the case for most interferometers, the interferometer PSF can be conve​niently calculated using Fourier transform techniques.  The PSF can therefore be written as the product of two functions.

PSF = array_factor ×aperture response

The Fourier transform of the aperture positions is referred to as the array factor, while the Fourier transform of the aperture illumination is just the individual aperture response.
III. The SPIR Method:

Interferometry can be implemented in a number of ways, depending on the application. Imaging interferometers cross-correlate the time domain signals from multiple apertures to measure the magnitude and phase of the spatial Fourier components[2]. The quality of the constructed image depends on the sampled spatial frequency resolution. Missing (u,v)components cause grating lobes, which introduce artefacts, resulting in a “smudged” image. Cross-correlation of signals is not the only way to synthesize the sparse array. If the incoming signals are summed, the resulting signal will have contributions that were spa​tially weighted by the Point Spread Function (PSF). By introducing appropriate time delays in the aperture outputs before summing, the direction in which the main lobe of the PSF is located can be shifted left or right, changing array sensitivity to different regions of the scene. If the signals are at radio frequencies (X-band and below) the information from each aperture can be recorded digitally and the scanning of the PSF can be performed dur​ing post-processing[3]. This is the concept behind Scanned Pattern Interferometric Radar (SPIR).

A. PSFPERFORMANCE   MEASURES:

Performance of a SPIR system is highly dependent on the PSF of the aperture array. Some performance measures of the PSF are resolution, field-of-view, and peak side lobe level. The resolution is the smallest distance between two points at which they can be resolved as being separate. Points that are closer together than the angular separation of the first nulls of the PSF cannot be identified as separate points. The angular null separation defines the resolution of the aperture. The field-of-view is determined by the width of the main lobe of the aperture response. The -of-view permits coverage of a large ground area, but has higher pro​cessing requirements. In general, the field-of-view of an aperture is inversely proportional to its diameter Fading occurs when targets at the edge of  the footprint are sampled with the outer parts of the main lobe, which have low relative gain. As a result, the targets may appear artificially small. Therefore, an aperture intersection of the field-of-view with the ground is defined as the interferometer foot​print[3]. A wide field response with a sharply defined main lobe is preferred. The peak side lobe level predicts the clarity of the image. Information that is located in the side lobes of the PSF overlays information in the main lobe, so that the reconstructed image is obscured. Low PSF side lobes  result in clearer image. Our goal is thus to obtain high-resolution PSFs with long spatial periods and low side lobes.
IV. The CLEAN Algorithm:

The algorithm conceptualizes the image source (ground scene) as a collection of point sources against a dark background. Each point source has a complex point spread function associated with it, which appears in the constructed signal, shifted and scaled according to the position of the point source[4]. Astronomical systems refer to the synthesized signal as the “dirty” signal. The goal is to determine the location and size of the point sources, or the “clean” signal.

A. Accurate Object Recovery:
Figure1 shows the PSF, constructed (dirty) signal, and the recovered (clean) signal. The positions of both tar​gets are accurately determined, but the amplitudes of the recovered targets differ slightly. This happens because the algorithm detects one peak at a time. If the damping factor is increased the amplitudes of the two recovered targets will approach each other more closely. In this case the difference is about 4%, well within the noise level that would be

experienced in a real system. 

B.Unwanted Components:

Figure2 shows the result when ε= 0.01. The unwanted components have been reduced by a factor of about five. There is a computational price to pay however where as seven iterations   were required to solve the system with ε= 0.1, this system requires twenty nine iterations.
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Fig.1. CLEAN recovery of two closely spaced targets.
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Fig.2.CLEAN recovery of target at the edge of the foot print with smaller threshold.

C: CLEAN Performance in the Clutter:
By increasing the number of apertures, the result can be improved [4].Figure 3 shows the result with an optimally irreducible array of eight apertures .Two of the clutter spikes are accurately recovered.The remaining spike does not appear in the clean signal. One of the target is recovered, but with a significantly smaller amplitude. The other target is not recovered.The energy from the lost clutter spike and target appears in unwanted signal components.
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Fig.3. CLEAN recovery with targets and clutter.

D.  Discussion:
                               Target recovery performance using SPIR and CLEAN is highly variable. Certain positions and combinations of objects are accurately recovered. In other cases some targets may not be recovered at all, or appear in completely the wrong positions. The more complex the ground scene is, the more likely the clean signal is to be confused. By increasing the num​ber of apertures, the performance can generally be improved, but consistently satisfactory performance remains elusive. The best choice of γ and ε depends on the target and clutter positions. As the number of objects is increased, the clean signal is more likely to be confused.

We can gain a qualitative understanding of the behaviour by considering how the CLEAN algorithm works. Also poor spatial frequency sampling in the cross-range direction results in ambiguous PSFs. The CLEAN algorithm attempts to com​pensate for missing spatial frequencies[4]. These components correspond to the null space of the system. The aperture array is blind to their contribution, and any values can be assigned at the missing spatial frequencies. CLEAN attempts to “guess at” the missing fre​quency content. When many spatial frequencies are sampled, this works well, but with few spatial frequencies there is too little information. The result is poor reconstruction of the image.
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Fig .4. Improved CLEAN recovery with clutter.

The  adapted algorithm a clutter “mask” is used to mask out cells in the dirty signal that do not contain clutter as shown in fig 4. CLEAN is then used to locate the clutter sources in the dirty signal, and construct a new dirty signal that has been largely cleared of clutter, referred to as the reduced clutter signal. The new dirty signal has fewer sources, so that applying CLEAN to it is more effective. 

 V. CONCLUSION:

 This paper has discussed a novel processing algorithm for use in interferometric radar, referred to as Scanned Pattern Interferometric Radar (SPIR). SPIR uses the concept of deconvolution, borrowed from radio interferometry, to reconstruct the actual ground scene. Deconvolution is the process of compensating for the effect of the interferometer response, or point spread function (PSF), on the received signals. Radar return from the ground can be characterized in terms of its range, cross-range and doppler shift. The implementation of a SPIR system was dis​cussed. Techniques for dealing with range and frequency ambiguities were proposed. Also we discussed the numerical solution of SPIR systems. Attempts to generate true ground scenes using example SPIR systems revealed that the associated systems of linear equations are ill-conditioned. Conventional linear algebra solution techniques are there​fore not appropriate. An alternative solution technique, the CLEAN algorithm, which was developed for use in astronomical interferometry, is used instead. In practice, the perfor​mance of CLEAN is highly varied. Some techniques to improve performance were pro​posed. These include using the geometrically determined clutter position, as well as prior target information, to improve the recovery of both existing and new targets.

 VI. FUTURE WORK: 

The conditioning of the complex PSF matrix is poor, but the reason for this is not well understood. In-depth analysis of the interferometer cluster and associated PSF is required to determine why the conditioning is poor. Better understanding may enable the design of better conditioned systems. This paper has highlighted some of the issues that cause poor performance. In future work, strategies to improve performance should be investigated.
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