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Cognitive Sub-Nyquist MIMO Radar (SUMMeR)
SUMMeR Concepts Spatio-Temporal Xampling and Doppler Processing

Hardware Prototype and Measurement Results

Sub-Nyquist mode (3) detection performance is same as Nyquist mode (1) Cognitive Sub-Nyquist (3) performs better that Nyquist in low SNR

Tx Array

Rx Array

2
R


Conventional (Filled) MIMO Array

Rx Array

2
TR



Tx Array

Thinned MIMO Array

Spatial Sub-Nyquist
hB

hTB

Composite Rx signal spectrumRx antenna

Echoes of 
multiple Tx 
waveforms

Cognitive Transmission

Temporal Sub-Nyquist

TX2TX1 TX3 TX4 TX5 TX6 TX8TX7

Nyquist MIMO Tx Waveform

TX2 TX3 TX5 TX6

Sub-Nyquist MIMO Tx Waveform

Randomly Placed Targets Cognitive Sub-Nyquist Mode

Spectral Coexistence via Xampling (SpeCX)

Cognitive Radar (CRr) Spectral Coexistence

Hardware Prototype and Measurement Results

• Comm systems can share the 
unused cognitive radar transmit 
spectrum

• Recovery for CRo and CRr signals 
is via Xampling

• Spectral coexistence without loss 
of range resolution in CRr

• CS-based blind sensing in CRo

Cognitive Synthetic Aperture Radar (CoSAR)

Cognitive SAR Concepts Signal Model and Sampling Scheme

Algorithm, Hardware Prototype and Results

The returned echoes are sampled in the Fourier domain 
under the Nyquist rate using Xampling

Fast 2D recovery by extended FISTA

Frequency adaptive transmitter that senses SAR target 
scenes based on available frequency bands
Sub-Nyquist receiver based on Xampling and compressed 
sensing
Transmission, reception and processing of only a few disjoint 
narrow subbands
Improved SNR due to restriction of all available transmit 
power in the subbands

• 5 MHz cognitive chirp
• 4 subbands of 625 kHz bandwidth
• Xampling at 1/4th of the Nyquist rate
• RCMC at 1/8th of the Nyquist rate

Cognitive sub-Nyquist SAR recovers the target scene sampled at 1/4th of 
the Nyquist rate with least error and most similar low-level features


