Session 2.0

Synthetic Arrays

A real array:

A synthetic array:

Another approach
is to use a single
element and move
it between
observations

Signal processing is used to
synthesize an “equivalent” array.
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The received signal is recorded with phase information.
We collect data at each position.

We apply proper phase shifts to the received data.

We sum to synthesize an array antenna.

This arrray—being sequentially generated—is a little
different than a real array:.

It does have high angular resolution like a real array.

This is the approach used in Synthetic Aperture Radar
(SAR).

Comparison of Real and Synthetic Arrays
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Real Array
The complex field at the n-th element is
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The output of the entire array is the sum
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Accumulator

The synthetic array is sequentially built,
one element at a time.




Synthetic Array Response

The response of the n-th array Rel: Scttre
element 1S nthetic Arra (unit amplitude)
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The synthetic array output response is
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Real Aperture:
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(Square of Sum)
cross terms!

Synthetic Aperture:
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no cross terms!




Lets Compare with Identical Array Geometries
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Both arrays have N + 1 identical isotropic elements.
Elements distributed along line with separation d.

Reference scatterer in far-field.
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A Plot of the Responses

AEAL ARRAY

SYNTHETIC ARRAY

NORMALIZED AMPLITUDE

The synthetic array has higher resolution, but
also higher sidelobes.
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SAR Image of Airfield
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The Doppler Synthesis Approach to SAR ~ “#°'%
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As a radar flies over a target P, the Doppler shift in the signal reflected from P
will change at various positions along the path.

The received signal will have a frequency fr = f. + fb.
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The entire range of received frequencies we would expect to see over the entire
synthetic aperture is
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where L is the physical length of the antenna along track.




2.0.20

If a neghboring point P’ is displaced a distance x, further along track from P,
the Doppler history of P’ will be the same as P, but will be delayed by

t="2

(n.b. v is the radar’s speed.)
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Doppler Synthesis Approach to SAR o
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Unfocused and Focused SAR

L
L£/2

If we attempt to build a large synthetic aperture, the point we are imaging will
almost never be in the far field.

In order to get an aperture of length, we must delay or phase shift the signals
at the center of the array so the returns add up in phase.

This is called focusing the synthetic array.




® Without focusing, the effective length of the array becomes
smaller than its true length, because the signals being added do
not add in phase.

® From simple geometry we see that the correction (delay) is a
function of the range to the object.

® This means there are different corrections for each range cell.

® This results in increased computational complexity of SAR
processing.

® Almost all current SAR systems perform focusing.

® Some Synthetic Aperture Radar Images
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InSAR Image

Washington, D.C. Mall Area

Elevation Model from Interferometric SAR
12 December, 1995
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InSAR Image

Cochiti Mesa, New Mexico
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