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Paper Summary:

Along-track interferometry (ATI) is an interferometric synthetic aperture radar
(InSAR, IFSAR) technique which can be used to map Earth-surface velocities. Unlike
cross-track InSAR techniques that are able to map surface topography by utilizing dual-
channel SAR data acquired from phase centers separated in elevation, the ATI technique
involves the acquisition of data from phase centers separated in the direction of the
platform flight path. SAR images formed from these two phase centers are therefore
characterized by a temporal baseline equal to the time required for the platform to travel
the distance of the along-track offset of the phase centers. Thus, while stationary
elements of the imaged scene will contribute identically to the two images, moving
targets in the scene will exhibit phase shifts between the two images. An interferogram
formed from the two images consequently depicts surface movements in the imaged
scene.

ATI techniques have been developed mainly in the context of mapping ocean
surface currents for science applications, and velocity accuracies on the order of a few
centimeters per second have been reported from airborne platforms. There is hence great
interest in using ATI techniques for ground moving target indication (GMTI).
Performance models used for ocean currents do not necessarily apply to ground moving
targets amidst clutter, however. In this paper, we examine ATI principles in the specific
context of detecting ground moving targets. We derive an expression for the expected
interferometric correlation coefficient in the presence of a moving target, and we derive
an expression for the expected bias on the interferometric phase due to the presence of
clutter. We furthermore give expressions quantifying the effects of target along-track and
radial motion on the performance of the system.

Perhaps the most significant way in which the use of ATI techniques for moving
target detection differs from its use for ocean-current applications is the presence of
clutter. In the case of ocean currents, nearly all of the backscattered energy from a given
resolution cell can be assumed to be moving with approximately the same velocity. This
is not the case for a moving target in clutter. The statistics of the interferometric phase
therefore behave differently for the latter case and depend on both the signal-to-clutter
ratio (SCR) and the clutter-to-noise ratio (CNR). Note that the CNR in the MTI case is
equivalent to the signal-to-noise ratio (SNR) in the ocean-current case, as the two
applications involve different quantities of interest.

The first effect of finite SCR is an increase in the expected variance of the
observed phase for a resolution cell containing both a moving target as well as clutter.



We derive an expression for the expected correlation coefficient of the interferometric
data when a moving target is present. Besides an increased variance, however, the
interferometric phase also exhibits a bias due to the presence of coherent clutter in
addition to the return from the moving target. We give an expression for this bias as
well. As expected, the bias becomes more significant as the SCR decreases. We
demonstrate these effects with Monte Carlo simulations. We also give a theoretical
assessment of the probabilities of detection and false alarm for typical system parameters.

ATI techniques generally involve the assumption that the moving target’s velocity
is not so great as to cause blurring of the target. Target defocus would result in a lower
SCR since the target energy would be spread across a greater number of image pixels.
We give expressions for the effects of target motion in the along-track direction and the
radial direction. The primary effect of the former is a mismatch in the quadratic
coefficient of the phase history between the target and the clutter. The primary effect of
the latter is a shift of the target’s Doppler spectrum with respect to that of the clutter.
Target migration through multiple range cells as a result of radial motion does not
necessarily degrade performance significantly, however, as even stationary cells exhibit
range migration due to the long SAR integration times. Focused SAR processors must
account for range migration, and in so doing, can correct for the first-order migration of
slow moving targets as well. Performance would be degraded for faster moving targets
whose Doppler spectra wrap or whose velocities are greater than the ambiguous velocity
implied by the ATI baseline.

Recently, the German Aerospace Center (DLR) demonstrated the detection of
ground moving targets from space with ATI techniques using X-band data from the
Shuttle Radar Topography Mission (SRTM). This experiment highlights the promise of
ATI techniques for GMTI, but in the experiment, the moving targets were fitted with
radar retroreflectors in order to enhance their echoes. The targets thus exhibited SCRs
much higher than those which could be expected from real targets in the field. We
provide a more realistic assessment of the capabilities of a spaceborne system that
employs ATI techniques for GMTI. Our baseline design assumes a free-flying
experimental sensor with a 50 x 2 m L-band aperture at approximately 500 km altitude.
This system corresponds to one envisioned for a joint USAF-NASA demonstration
mission.

Clearly, if ATI techniques are used for MTI, sufficient SCR will be necessary.
Good SCRs can be obtained by increasing the system bandwidth or the along-track
coherent integration time, both of which result in higher resolution, in order to decrease
the amount of clutter with which the moving target competes. Increased integration times
imply decreased area coverage rate, however, so one conclusion that may be reached
about ATI techniques is that they might be characterized by longer revisit times than
other MTI techniques.
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