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Reducing the latency of electromagnetic imaging is a crucial objective for applications such as security screening, 
autonomous driving, and touchless human-machine interaction. In that respect, a fundamental caveat with 
conventional compressed sensing techniques is that initially all information is indiscriminately multiplexed across 
a diverse set of measurement modes, and only during data processing one begins to select the information that is 
relevant to the task (e.g. concealed weapon detection). In order to only acquire relevant information in the first 
place, and hence drastically reduce the number of necessary measurements, the “learned sensing” paradigm 
suggests to interpret reconfigurable measurement hardware (e.g. a dynamic metasurface aperture [1]) as a trainable 
physical layer [2]. The latter can be directly integrated into the machine-learning pipeline used on the data 
processing side such that one can jointly optimize physical weights (measurement settings) and digital weights 
(processing network). We will discuss our recent numerical [2] and experimental [3] investigations of this new 
approach to electromagnetic imaging. Our results show that a considerable reduction of the number of scene 
illuminations is possible by using learned illumination patterns as opposed to conventional patterns (random, 
orthogonal or principal scene components [4], [5]). At the same time, we find that there are no intuitive 
explanations for the learned patterns [2]. We also investigate to what extent the resolution of sub-wavelength 
features in the scene is limited by the conventional diffraction limit. 
 

 
Figure 1. An artist’s impression of information flow in “Learned Sensing” through a hybrid analog-digital sensing 
pipeline optimized in an end-to-end fashion. 

 
References 
 
[1] M. F. Imani et al., “Review of Metasurface Antennas for Computational Microwave Imaging,” IEEE Trans. 

Antennas Propag., vol. 68, no. 3, Art. no. 3, Mar. 2020, doi: 10.1109/TAP.2020.2968795. 
[2] P. del Hougne, M. F. Imani, A. V. Diebold, R. Horstmeyer, and D. R. Smith, “Learned Integrated Sensing 

Pipeline: Reconfigurable Metasurface Transceivers as Trainable Physical Layer in an Artificial Neural 
Network,” Adv. Sci., p. 1901913, Dec. 2019. 

[3] H.-Y. Li et al., “Intelligent Electromagnetic Sensing with Learnable Data Acquisition and Processing,” 
Patterns, vol. 1, no. 1, Art. no. 1, Apr. 2020, doi: 10.1016/j.patter.2020.100006. 

[4] M. Liang, Y. Li, H. Meng, M. A. Neifeld, and H. Xin, “Reconfigurable Array Design to Realize Principal 
Component Analysis (PCA)-Based Microwave Compressive Sensing Imaging System,” IEEE Antennas 
Wirel. Propag. Lett., vol. 14, pp. 1039–1042, Jan. 2015, doi: 10.1109/LAWP.2014.2386356. 

[5] L. Li et al., “Machine-learning reprogrammable metasurface imager,” Nat. Commun., vol. 10, no. 1, Art. no. 
1, Mar. 2019, doi: 10.1038/s41467-019-09103-2. 


