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Abstract: We are describing the capability to measure the phase of the return signal in
a tabletop radar range. The radar rage has a scale factor of 100,000 which allows to use
near IR wavelength instead of radio frequency. Accurate scale models are manufactured
using multiphoton 3D printer with nanometric resolution. We demonstrated that using phase
shifting interferometry, this radar range can retrieve the phase of the radar cross section of
complex objects similar to SAR or ISAR radar systems. © 2020 The Author(s)
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1. Radar Range

The measurement of the electromagnetic (EM) properties of complex objects is of critical importance to deter-
mine their visibility and identification. Radar cross section (RCS) and antenna gain can be measured in anechoic
chamber where the structure is isolated from external perturbations and clutters. However, for very large object
such as a navy ships or other highly convoluted platforms, measurement could be expensive or impractical due to
size or unavailability of the original structure.

Computer models reproducing EM propagation and interaction can also be used to determine antenna gain
and RCS. However, the simulations need to be anchored with experimental data to validate the solution, and the
processing time of EM solvers such as FDTD increases non-linearly with the scale of the model. [1] This can
make the problem intractable for objects many times larger than the wavelength of interest.

Since Maxwell’s equations of EM wave propagation are invariant under dilatation transformation, it is possible
to take the measurement at higher frequency using models that have a proportionally reduced size. [2] Recently,
we demonstrated a radar range that measures the RCS of complex RF systems in the near infrared (1 micron)
using a scale factor of 100,000. [3, 4] At that scale, an entire cruiser ship (≈ 100 meters) is reduced to a length of
1 mm, and the entire setup easily fit on a tabletop.

Using 1 micron wavelength leverages the many optical components that are readily available either for telecom-
munication (fast transceiver, laser diode, integrated optics) as well as consumer electronics (large 2D array sensor,
lens assembly). 1 micron wavelength also offers the benefit that there are many materials available that possess
the correct permittivity needed to reproduce the wave-matter interaction observed at RF.

Previously, we demonstrated that this radar range tabletop setup was capable of measuring the RCS (1D), could
identify the features responsible for the signal scattering (2D), as well as measuring their downrange (3D). [3, 4]
Now, we are presenting a new interferometric setup that can accurately measure the back scattered signal phase,
similar to synthetic aperture radar (SAR) and inverse SAR (ISAR) systems.

2. Phase Retrieval

SAR and ISAR systems are well know for their ability to retrieve the phase of the signal scattered from a target.
This information is highly valuable for the identification of the target, and should be reproduced by radar range.
SAR works as a phase array where a single antenna is temporally translated./citeFranceschetti2018 The signal,
retrieved at different time and from different locations, is stored in shift register before being processed to obtain
the phase information. This is possible in the RF domain due to the low signal frequency compared to electronic,
but cannot yet be directly implemented at optical frequency.

To emulate these data in the optical domain, we used an interferometric setup that allows for the capture of the
phase difference between an object and reference beam as an intensity pattern. Our setup is presented in figure 2
and uses a 1µm CW laser as the light source. The beam emitted by the laser is collimated and split in two by
a non-polarizing beam splitter. The object beam is directed toward the target and the reference beam toward a
end-of-cavity mirror. The reflected reference beam is recombined with the back scattered beam from the target
using the same beam splitter. A microscope objective is used to image the target on a array detector.

Considering the 100,000 scale factor between the 1µm (300 THz) and the 3 GHz from a s-band radar, the size
of the target should be reduced by the same factor. We used a multiphoton 3d printer with an accuracy of 150 nm



Fig. 1. Schematic of the interferometric radar range. For each orientation of the target, 4 interfero-
grams are acquired from which the phase is computed then unwrapped.

to make the scaled model. This level of accuracy allows for the reproduction of details in the order of 15 mm in
the real target.

The data acquisition sequence is as follow: for any given target orientation, four interferograms are recorded
with a λ/4 phase shift difference. The phase shift is imposed by the movement of the end-of-cavity mirror. We are
using a n-step phase retrieval using a Normalization and Orthogonalization Phase-Shifting Algorithm (NOPSA)
to calculate the phase modulo 2π from the interferograms. [5] The phase is then unwrapped based on 2D discrete
cosine transformations algorithm. [6]

So far, the target we have used has been composed of highly reflective material (gold) that emulates the EM
behavior of conductor at radio frequency. We are now working on the inclusion of dielectric materials into the
model such as aerogel and polymer loaded with TiO2 nanoparticles, in order to reproduce the permittivity of
concrete or vegetation in the RF domain.
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