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Abstract—This paper presents the design and fabrication of a
Compressive Reflector Antenna (CRA) for high-sensing-capacity
millimeter-wave imaging applications. The CRA is fabricated
using additive manufacturing or 3D printing and metalized by
applying silver conductive coating spray on its surface. The near-
fields of the CRA are measured when it is fed by a conical horn
antenna, a compressive horn antenna, and a perturbed cavity.
The singular value distribution and sensing capacity of the CRA
fed by the aforementioned antennas are calculated and compared.

1. INTRODUCTION

Millimeter-wave (mm-wave) sensing systems are used in
several near-field imaging applications, such as security
screening, non-destructive testing, autonomous driving, and
elsewhere [1]-[3]. Recently, there has been a great interest
in electronically-scanned antennas for such systems, due to
their fast (real-time) beamforming capabilities. However, such
systems usually require active components to perform the
beamforming, adding cost and hardware complexity to the
system.

Compressive imaging enables different hardware platforms
to overcome some of the drawbacks caused by the traditional
electronically-scanned antennas [4], [5]. A Compressive Re-
flector Antenna (CRA) [5] , for example, has the capability
to create spatial and spectral codes in the near- and far-field
of the antenna, making it a good substitute for traditional
electronically-scanned antennas.

This paper presents our preliminary results on the design
and experimental validation of a CRA that it is fed with a
conical horn antenna, a Compressive Horn Antenna (CHA),
and a perturbed cavity. The measured near-fields of the CRA,
when excited by the aforementioned feeds, and their associated
sensing capacities are presented and compared.

I1. FABRICATION OF THE CRA

A CRA is a doubly-curved offset parabolic reflector
antenna, whose surface is tailored by specially designed
scatterers—see [5] for a detailed description on the design
of the CRA. The CRA has the capability to create pseudo-
random spatial and spectral codes in the near- and far-field
of the antenna, making it a good candidate for high-sensing-
capacity imaging applications.

The CRA presented here is manufactured by introducing
PEC scatterers on the surface of the reflector. The geometrical
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Fig. 1. Geometry of the proposed CRA in an offset configuration.

configuration and design parameters of the CRA studied in
this paper are presented in Fig. 1 and Table I, respectively. The
CRA is fabricated using additive manufacturing or 3D printing.
Due to the print size limitations of the printer, the geometry of
the CRA was printed into 9 pieces and assembled afterwards.
The surface of the printed parts were metalized using an
acrylic-based silver conductive coating spray (842ARSUPER
SHIELD TM). Figure 2 shows the metalized CRA mounted
on the experimental setup for measuring the near-field on a
2D aperture.

TABLE I
DESIGN PARAMETERS FOR THE CRA.
PARAMETER VAL. PARAMETER VAL.
Aperture size (Dy = Dy) 50 em Size of the rand. facets 4
Focal length (f) 50 cm | Max. Distortion of facets 3°
Offset height (ho ) 35 cm

III. NEAR-FIELD MEASUREMENT

The performance of the fabricated CRA is evaluated by
measuring the near-field of the antenna and calculating its
Singular Value (SV) distribution and sensing capacity. For
this purpose, the reflector is fed with three different antenna
elements: (1) A 3D printed conical horn with diameter of
21 mm and length of 40 mm (Fig. 3(a)); (2) a Compressive
Horn Antenna (CHA), which is composed of a plastic with
pseudo-random shape slid inside a pyramidal horn antenna
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Fig. 2. Experimental setup: The CRA is positioned z = 90 cm far from a
scanning tapered WR-12 probe.
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Fig. 3. ~ Antenna elements used to feed the CRA: (a) conical horn antenna,
(b) CHA, and (c) perturbed cavity.

(Fig. 3(b))—see [6] for a detailed description on CHA; and
(3) a perturbed rectangular cavity with a size of 96 mmx96
mmx21 mm (Fig. 3(c)). A cut section of a metallic sphere
of radius 10 mm is attached to one corner of the rectangular
cavity to perturb the fields and excite several resonance modes
inside of it. The cavity consists of 16 slots on one of the
walls of the cavity to sample the cavity modes and illuminate
the reflector. Figure 4 shows the magnitude and phase of the
electric field, measured at z, = 90 cm far from the center of
the CRA, when it is illuminated by the aforementioned feeding
elements. It can be inferred from these plots that the perturbed
cavity provides more randomness in the radiated fields (spatial
codes) than the other two feeding elements.

The sensing matrix A of the CRA-based imaging system is
defined as the Gramian matrix of the measured electric fields
E in the near-field region of the antenna, and it is obtained
as follows: A = E'E. Figure 5(a) shows an improved SV
distribution for the CRA fed by the perturbed cavity antenna
over the other two types of feeding antennas. This means
that the cavity is providing a relatively flatter SV spectrum.
Figure 5(b) shows the sensing capacity of the CRA system
provided in [5], which is defined as the maximum amount of
information that can be transferred through an imaging system.
The reduced spill-over of the conical horn antenna leads to
a better signal to noise ratio and an enhanced capacity plot.
Nevertheless, all of them provide significant spatial coding.

IV. CONCLUSION

This paper presents the near-field measurement results of
a CRA, designed for high-sensing-capacity imaging applica-
tions. The SV distribution and sensing capacity of the CRA
is calculated for different feeding elements. The CRA and the
feeding antennas are fabricated using 3D printing; and, then,
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Fig. 4. (a) Magnitude and (b) Phase of the electric field measured at z,, = 90
cm far from the center of the CRA.
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(a) SV distribution and (b) Sensing capacity of the CRA fed by
different antenna elements.

Fig. 5.

they are metalized using a conductive silver spray. This method
highly reduces the fabrication cost of the system, compared to
the tradition fabrication techniques.
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