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The NATO SPS G-5014 project has shown the possibility of using a holographic RADAR for the detection of anti-
personnel mines. To use the RADAR on a robotic scanning system, it must be portable, light, easily integrated with
mechanical handling systems and configurable in its operating parameters for optimal performance on different terrains.
The novel contribution is to use software programmable electronics to optimize performance and to use a time reference
to obtain synchronization between the RADAR samples and the position in space, in order to make it easy to integrate the
RADAR on robotic platforms.
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| 1. Microwave Radars for Landmines Detection

To detect low-metal landmines, several armies around the world began using radio wave landmine detectors in the 1980s
that operated on the principle of detecting changes in the dielectric permittivity er of the soil caused by the presence of a
landmine . However, the use of radio-frequency devices for detecting plastic mines presents a high level of false alarms
caused both by natural unevenness of the ground and by irregularities of the ground surface. On the market there are
solutions based on the combination of several technologies, for example a radio-frequency device combined with a metal
detector. Figure 1 illustrates the methods and technolgies for GPR (Ground Penetrating RADAR). Comparing this table
with the similar one in &, researchers can notice the recent progresses in the field. In particular for this work regarding
holographic RADARs can be observed that they operate in the “Space domain”. These types can reduce the level of false
alarms thanks to use of the radio frequency to acquire samples in the space domain in order to obtain an image of a
target while it is still in the ground B4l These types of RADARSs do not requires a modulation of the transmitted signal,
which is, generally, a continuous wave signal.
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Figure 1. Methods and technolgies for GPR (Ground Penetrating RADAR).



| 2. Recent Advances in Electronics for Holographic Radars

In optics, the term “hologram” indicates the recording of an interference pattern between two electromagnetic waves, one
of which is modulated by diffraction due to the presence of an object (the etymology of the term hologram derives from
ancient Greek with the meaning of “whole description” or “whole image” to indicate the possibility it offers to reconstruct
the three dimensionality of the scene). The first Holographic Radar made by Keigo lizuka in the 1960s operated at the
microwave frequency of 34 GHz and used Polaroid® film to record holograms =8l From the beginning it was evident that
for the inspection of dielectric materials, the attenuation of electromagnetic waves in the microwave range represented a
challenge for the electronics design. However, the images recorded by the holographic RADARs have a high spatial
resolution in the image plane (= M4). With the RADAR presented in this entry the spatial resolution is about 3 cm, with
medium dielectric permittivity of terrain e, = 6 @ 2 GHz. This resolution is necessary to identify characteristic shapes or
details of devices up to 10 cm in diameter [Z. This is the feature that motivated the research to be able to use holographic
RADARS in the detection of landmines €. As indicated in Figure 1 there is no modulation of the transmitted signal. The
modulation in amplitude is constituted by the interference pattern obtained, on the receiving antenna, by the wave
transmitted (reference wave) and by the wave reflected from the external environment. In general the microwave
hologram is obtained by scanning with the Radar antenna the surface of region of interest and reproducing the recorded
amplitude of the holographic signal in the spatial domain. Early receiver electronics was based on a peak detector based
on a PIN (P-type, intrinsic, N-type) diode. Then the peak voltage was represented as a color scale for each antenna
position to generate an image of the interference pattern. An updated version of the receiver is done using a I/Q (In
phase/Quadrature) demodulator. In this type of receiver the output of the holographic RADAR are the | and Q components
which allow to calculate the amplitude and phase of the received signal (the hologram Hyy = Iy y + Q). With the peak
detector based RADARS, researchers obtain a single image that contains the amplitude and phase of the wave front. In
this way, the resulting image may not be immediately readable and interpretable and it may be necessary to apply a
hologram inversion algorithm to display the three-dimensional image of the scanned target. The electronics based on the
I/Q demodulator generate two voltages which are converted into a color scale for each antenna position. The two images
obtained represent the amplitude and phase of the hologram. This simplifies and speeds up the reading and interpretation
of the information contained in the hologram.

In holographic RADARS it is necessary to correlate samples with space. In the first electronics, spatial correlation of the
samples was performed using an ADC board to acquire the samples at specific antenna positions. The ADC was activated
by a position encoder. Figure 2 shows the internal architecture of the holographic RADAR “RASCAN 5”. This electronics
are built using discrete components and custom hybrid microwave circuits. It is an electronics optimized for the operating
frequencies in the range of 6.4 GHz — 6.8 GHz and cannot be reconfigured for other types of antenna/frequency.
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Figure 2. Block diagram of RASCAN-5 electronic architecture.

For the recording of the antenna position during a manual scan with RASCAN radars the adopted solution was a wheel
encoder. The sampling step was assigned by the wheel encoder characteristics related to the radar wavelength but
cannot be changed for adapting to different radar configurations. For minimizing the spatial sampling errors of manual



scan, which depend on both the skills of the operator and from the topography of the investigated surface, the authors
proposed the solution of spatial sampling with a remotely controlled robotic platform &. The RADAR presented in this
work is designed to work with the antenna not in contact with the investigated medium and the acquisition of samples
always takes place on a plane with a robotic positioning system. The holographic RADAR used in 19 requires 30 min to
cover a 0.75 m? area by a radial acquisition. To increase the speed of acquisitions, it is necessary to mount the antenna
on a two- or three-axial mechanical scanning frame. For the spatial positioning of the RADAR samples, the mechanical
frame generates a trigger signal when the antenna arrives in predefined positions in the scanning plane that activates the
sampling of the ADC. Figure 3 shows the block diagram of the HSR (Holographic Subsurface RADAR) which was
developed during NATO SPS G-5014. This architecture was researchers' starting point for the development of the device
presented here. The signal to be radiated originates from a voltage controlled sinusoidal signal generator (VCO: Voltage
Controlled Oscillator) in the frequency range (1.97-2.2) GHz. The signal is fed into a directional coupler, whose coupled
output forms the reference signal for the I/Q demodulator. The non-attenuated output of the directional coupler is
conducted to port 1 of a circulator. The signal exits the consecutive port (port 2) and arrives at the antenna feed. The
signal strength is that provided by the VCO, about 7.5 dBm. The signal is radiated and received by the single feed
monostatic antenna L. The transmitted signal is separated from that received by a three-port circulator. Components |
and Q are obtained from a demodulator, using the signal at the output of the directional coupler as a reference. The above
components of the complex signal are sampled by the STM32 ARM micro-controller © Cortex"™-M7 with a 12-bit analog-
digital converter and encoded for storage in a BAG type file, a file format used for storing information and sensor data
within the ROS (Robot Operating System) framework.
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Figure 3. Block diagram of the electronics for a microwave processing the signal of a MW HSR.

The formation of the RADAR image occurs thanks to the spatial positioning of the acquired samples in the coordinates of
the programmed grid of points ( Figure 4).
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Figure 4. lllustration of the geometry of holographic acquisition. In blue the holographic RADAR antenna that is moved by
the mechanical scanning frame (not illustrated) on the scanning plane (dashed pink rectagle) on fixed positions (a grid of
5 mm step).

Synchronization occurs thanks to the trigger for the ADC generated by the mechanical scanning system. For the
construction of the holographic image it is therefore necessary to align the samples according to the scanning path
followed by the antenna. This path must be known and predefined. Furthermore, it is not possible, other than
mechanically, to apply filters on the signal, modify the sampling frequency of the ADC, adjust the signal levels according to
the type of medium investigated or use different antennas.

The development of electronic systems based on microwaves, ADC and FPGA integrated circuits for the Software Defined
Radio (SDR) have suggested to design a new electronics for the holographic RADAR, which allow to modify the
electronics parameters via software. In the rest of the text, the project and the realization of a new architecture for
holographic RADAR are presented. The RADAR is designed to work in conjunction with a mechanical scanning frame.
This architecture, based on Analog Devices “ADALM Pluto” SDR, allows one to acquire an area of 33 cm x 17 cm in less
than 2.5 min, with any scan path for the antenna. In addition, the electronic parameters programmable via software extend
the versatility of this type of RADAR, tuning its performance to the type of terrain [@22 or more generally of the radiated
medium. With an SDR device it is possible to adjust the gain or attenuation, activate custom signal filters, decide the
bandwidth, the waveform of the transmitted signal and many more.

Starting from the motivation for the choice of the “ADALM Pluto” device and showing its main features, the entry describes
the choices for the type of programming code and the software architecture. The entry ends with presentation of the
holographic microwaves images obtained with the scan of a plastic case landmine in a soil. Finally the advantages of the
new electronics based on SDR technology are outlined.
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