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Resolution – Frame rate - Sensitivity

https://omnirole-rafale.com/avionique/rbe2/

https://www.science-et-vie.com/archives/le-scanner-corporel-22514

Mobashsher, Ahmed Toaha, and A. M. Abbosh. "On-site rapid
diagnosis of intracranial hematoma using portable multi-slice 
microwave imaging system." Scientific reports, 2016

Limits of conventional imaging systems
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Computational method: The spatial information is encoded in the physical layer

Computational imaging
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Background: The rise of computational microwave and millimeter imaging
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Recent (non exhaustive) works



Interferometric computational imaging – W band
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Sana Abid

ANR Pixel – Collaboration MC2 Tech. CEA Gramat

Abid, S., Decroze, C., Mouhamadou, M., & Fromenteze, T. (2020). Enhancing millimeter-wave
computational interferometric imaging. IEEE Access, 8, 101416-101425.
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Duke University

Phaseless computational imaging – K band
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ANR Obiwam – Collaboration C2N, MC2, Vectrawave, STM

Microwave photonic radar imaging – C band
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Focus on a recent work in direct link with the GDR Complex

Mounaix, M., & Carpenter, J. (2019)
Control of the temporal and polarization 

response of a multimode fiber. 
Nature communications, 10(1), 1-8.

Related work
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Coherent fields Diffuse fields

Sources: mvg-world.com  - beteirconl.cluster026.hosting.ovh.net - trends.aeroexpo.online - unilim.fr/pages_perso/thomas.fromenteze - faradayshielding.com.au - lkb.upmc.fr/opticalimaging/imaging/ cgg.com

Problem: Digital processing is generally based on approximations
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Background: : Radiation of frequency-diverse and spatially diffuse fields

Frequency band: 70-100 GHz
Dimensions: 251 x 66 x 251 mm3

Feeding: Two z-polarized WR-10 ports
Radiation: 28 x 28 circular irises
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Background: Radiation of frequency-diverse and spatially diffuse fields

Frequency band: 70-100 GHz
Dimensions: 251 x 66 x 251 mm3

Feeding: Two z-polarized WR-10 ports
Radiation: 28 x 28 circular irises

Direct coupling with the feeding probe

Contributions coherent in time and space that should be removed

thomas.fromenteze@unilim.fr



14

Unitary matrices

Diagonal matrices

Structures Weights

Matlab

Python-Numpy

Julia

Method: Feature extraction by Singular Value Decomposition
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Method: Feature extraction by Singular Value Decomposition

Factorization of a near-field matrix

Feeding port index

Polarization

Spatial samples

Frequency samples

Frequency domain structures

Spatial structures

Discrete Fourier 

transform matrix

Effect of a Fourier transform

Time domain 

near-field scan

Time domain structures

Spatial structures
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Results: Time domain structures

Instantaneous

modal diversity

Mode life time

Ballistic 

coupling
Diffuse 

fields

Singular value 

spectrum

Time domain

singular vectors

Discrete Fourier 

transform matrix

thomas.fromenteze@unilim.fr



17

Results: Spatial structures

Extraction of the spatial singular vectors

Reconstruction of the spatial 

structures by “de-vectorization”

Reshaped spatial singular vectors

Ballistic coupling

Associated time domain 
singular vectors

Ballistic 

coupling
Matrix of spatial 

singular vectors

thomas.fromenteze@unilim.fr



18

Results: On the effect of polarization

Excitation port: V-Pol

Field Probe: V-Pol

Excitation port: V-Pol

Field Probe: H-Pol

Observation of the first spatial singular vectors

Ballistic 

co-polarized 

coupling

Ballistic 

cross-polarized

coupling
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Results: On the effect of polarization

Co-polarized measurements

Cross-polarized measurements

Remain spatially 

coherent

Closer to a diffuse 

field distribution

Cross-polarized

Co-polarized

Feeding port 

polarization
Cavity boundary conditions
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Results: Application to computational imaging

Antenna localization 1. Near-field to dipole conversion

2. Computation of the radiated 

field

3. Forward problem: Measurement of the transfer function
Feeding port index

4. Inverse problem: Source localization

Removing the m first singular values and vectors
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Results: Application to computational imaging

Antenna localization

Diffraction of the 

ballistic coupling by 

the iris array

Source

Filtering of the m most 

coherent subspaces

Inverse problem: 

Source localization
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Conclusion

Extended version published in 

Physical Review Applied

What is different from this presentation?
Introduction of coherence metrics

Evolution of spatial vs temporal coherence
SVD-based filtering vs Time-gating

Mounaix, M., & Carpenter, J. (2019)
Control of the temporal and polarization 

response of a multimode fiber. 
Nature communications, 10(1), 1-8.

Related work
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Principal component analysis
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Implementation with large matrices : Randomized SVD 

Sources : https://towardsdatascience.com/intuitive-understanding-of-randomized-singular-value-decomposition-9389e27cb9de

1. Multiplication by a random matrix et QR decomposition

2. Multiplication by the initial matrix and SVD


