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Abstract

Electromagnetic waves backscattered on a scene can be collected to perform imaging in different ways. The most common approach is to capture several
waveforms on regularly spaced antennas and combine them with the appropriate weights to achieve a steering of the reception beam. The waveforms
weighting can be applied physically using phase shifters and amplifiers but these active devices are always limited by the signal bandwidth. The
weighting can also be computed in baseband post-processing assuming that the system is composed with as many reception chains as antennas to capture
all the waveforms at the same time, increasing the cost and the complexity of the system. Finally, by using moving parts, a virtual array can be created to
achieve synthetic aperture radar imaging. To improve acquisition time, XLIM laboratory has developed passive time reversal beamfomers devices to
reduce the complexity of classical systems. Those devices are able to address simultaneously and independently each radiating element of a multi-
antenna system. Used in reception, they constitute a passive multiplexer for encoding signals received by an antenna array to a common output through
orthogonal channels. The incoming signals on each antenna can be retrieved from the received waveform by deconvolution techniques. Thus, numerical
beamforming or conventional near-field imaging are calculated in post-processing. The first feasibility studies of this original principle were performed
in 2012, using a chaotic reverberant cell as a beamformer component. It has been proved that it is possible to focus signals independently on the device
outputs, depending on the signal waveform at the only input and using time reversal techniques. The results showed the feasibility to realize a passive
beam scanning UWB radar [1]. The 3D imaging capability of this technique was presented in [2], using a single port MIMO multiplexer. Thereafter,
miniaturization techniques have been developed, using frequency selective planar structures [3][4], or orthogonal frequency coding device based on
surface acoustic wave (SAW) filters [5]. Such a component has been used to set up real time demonstrator, able to track a moving target [4].

Passive FSS demultiplexer for numeric beamforming radar (a), Passive UWB Multiplexing device for a Single-Port near field MIMO RADAR (b),
MIMO Multiplexer for microwave imaging (c)
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