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Abstract—Array optimization to maximize image reconstruc-
tion performance is often approached using numerical methods
due to the solution space being too large for traditional brute
force methods. In this work, a sixteen platform coherent dis-
tributed array with a seven element subarray attached to each
platform will be optimized in two separate domains, each using a
genetic algorithm: one to optimize spatial frequency content and
the other to optimize peak to sidelobe level of the point spread
function. The dimension of the array solution space is restricted
to a planar domain of 50\ x 50, and the image reconstruction
performance is compared for the outputs of both optimization
approaches. It is demonstrated that optimizing the point spread
function results in better reconstruction of images containing
typical spatial frequency distributions, while optimizing the
spatial frequency coverage results in better reconstruction of
images containing mostly high-spatial frequency content, such
as images consisting mostly of shape outlines.

[. INTRODUCTION

Correlator antenna arrays have been around for decades and
have had a significant impact in the field of interferometry [1];
more recently, the authors developed a new form of microwave
imaging based on active incoherent interferometry [2]. The
dimensions of the correlator arrays allow for a spatial-filtering
behavior and therefore the spatial frequency content of an
array can be found from the unique pairwise correlated output
signals form all antenna elements. To obtain the clearest image
possible from a distant source, the maximum coverage in
the spatial frequency domain (v — v domain) or minimum
sidelobes in the the angular domain (I — m domain) is
needed. Due to the extremely large number of formations that
arrays can take in a planar domain, numerical optimization is
often used to approach such problems [3], [4] . While these
and other works typically consider specific formations (e.g.
T- or Y-shaped), this work explores element locations in a
planar domain. Image formation results are compared between
optimizing the array for maximized spatial frequency coverage
and minimized sidelobe level on the point-spread function.
Two types of images are compared: one with typical spatial
frequency content, and one consisting of primarily high-spatial
frequency content, which is represented largely in the edges
of shapes.

II. INCOHERENT IMAGING ARRAY

The array considered in this work consists of sixteen nodes
placed randomly in a 50\ x 50\ planar domain using a uni-
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Fig. 2: (a) Converged solutions when optimizing in the spatial frequency
domain (b) Converged solutions when optimizing in the angular domain.

formly distributed random number generator. Each node has a
seven element subarray with spacing 0.5, 1A, and 2\ in an L-
shaped pattern. An image of the subarray layout can be seen in
Fig. 1. The subarray ensures that low spatial frequencies are
always represented in the array, thus the optimization more
heavily weights node locations that maximize high spatial
frequency content.

The optimization technique that is used is a genetic algo-
rithm that optimizes the locations of each node. The fitness
function optimizing for the spatial frequency content is the
percent coverage of the spatial frequency domain and peak to
sidelobe level for optimizing the point spread function. The
stop criterion is set to be 100 generations. This process is run
for 100 Monte Carlo iterations. The density of the converged
outputs can be seen in Fig. 2. It can be seen that when
optimizing for the spatial frequency content that the solutions
tend cluster to the outside of the domain with an average
coverage of 23.4% in the spatial frequency domain. This is
to be expected because it will maximize the total number of
unique pairwise connections that can be made and as a result
maximizes the coverage in the spatial frequency domain. It can
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Fig. 3: Image of Spartan helmet with (a) typical spatial frequency content
and (b) high spatial frequency content.

also be seen that when optimizing for the peak to sidelobe
level in the angular domain, solutions tend to cluster to the
middle of the solution space resulting in an average sidelobe
suppression of 11.45 dB. This is to be expected since higher
levels of sparsity result in a larger number of sidelobes.

III. OPTIMIZATION AND IMAGE FORMATION RESULTS

Since both of these optimized formations are used for
imaging, the performance will be assessed by reconstructing
an image of the Michigan State University Spartan helmet
in Fig. 3. The image (a) is to assess overall image recon-
struction ability and the image (b) is to assess the ability
to reconstruct high spatial frequency content. For the opti-
mized spatial frequency domain the reconstruction takes place
through multiplication with the Fourier transform of the scene
and for the sidelobe suppression the image formation takes
place with a convolution between the scene and the point
spread function in the angular domain. This is done so that
the image is recreated using the respective optimized domains.
An example of a layout found from optimizing for spatial
frequency coverage can be seen in Fig. 4 along with the
resulting image. This layout achieved 23.75% coverage and
in turn a peak-to-sidelobe level of 7.85 dB. An example of a
layout found from optimizing for the point spread function can
be seen in Fig. 5 along with the resulting image. This layout
achieved a peak-to-sidelobe level of 11.59 dB and a 15.26%
coverage in spatial frequency domain.

To evaluate the average error created when doing this imag-
ing technique, the resulting array formation reconstructions are
compared to that of an ideal case (i.e. a completely filled
spatial frequency domain). Reproducing the image in Fig.
3(a) the average mean squared error over 100 Monte Carlo
iterations was 17.82% and 20.93% for sidelobe optimization
and spatial frequency optimization, respectively. When pro-
ducing the image in Fig. 3 (b) the average mean squared error
was 2.98% and 15.84% for spatial frequency optimization and
sidelobe suppression optimization respectively. This indicates
that minimizing the sidelobes of the point-spread function will
result in a more accurate image reconstruction for images
with broad-spectrum spatial frequency content, but in images
containing mostly higher spatial frequency content (i.e. edges),
optimization of the spatial frequency sampling function results
in better performance.

—_ < -50
= £
2
= <
X c

> D -100

o oA 150

£ 0 05 1
sinf cos¢
(b)
4

0.8
© =y

£ £ 0.6
2] w
> 5=}

£ £ 04
[ w

sinfd cos¢ siné coso
(© (d)
Fig. 4: (a) Node locations for optimization in spatial frequency domain

(b) Spatial frequency content (c) Reconstructed image with typical spatial
frequency content (d) Reconstructed image with high spatial frequency content
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Fig. 5: (a) Node locations for optimization for peak to sidelobe level
(b) Spatial frequency content (c) Reconstructed image with typical spatial
frequency content (d) Reconstructed image with high spatial frequency content
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