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ABSTRACT 

Making images consists in producing some footprints of a scene, allowing the human eye to view 

this scene. Intuitively, the footprint is supposed to show some kind of point-to-point correspondence 

between the scene and its image. Initially performed with natural light thanks to the human eye / brain 

combination, either alone or upgraded by means of optical instruments, the imaging procedures have 

been largely diversified during the last century. Such a diversification has been continuously stimulated 

by technological developments and led to consider new modalities to “see” objects escaping to human 

vision such as those buried in a medium opaque to the visible light. But penetrating opaque media 

usually requires operating at much larger than optical wavelengths, with the consequence that diffraction 

and scattering mechanisms, considered as second order perturbation in optical instruments, become first 

order effects decreasing image quality. For instance, the point-to-point correspondence between the 

observed object and its raw footprint is degraded or even may be apparently lost, requiring appropriate 

data processing. Many imaging systems dedicated to Industrial, Scientific, Security and Medical (IS2M) 

applications are based on electromagnetic waves, making them a convenient didactic support for a 

unified overview of scattering-based imaging techniques. 

Starting from well-known imaging modalities, such as optical 3D holography and X-Ray 

tomography, the imaging problem is considered under the more general inverse scattering point of view. 

After reviewing major setup geometries and related reconstruction algorithms, some guidelines to design 

an imaging system and optimize its performance are given. The selection of the operating frequency 

band is more particularly addressed, due to its decisive impact on image quality and system complexity. 

The case of microwaves will be more particularly developed from various viewpoints, including 

holography, tomography and Near-Field microscopy. Several examples of imaging systems dedicated to 

IS2M applications are presented to illustrate the current potential and limitations of such generalized 

imaging techniques. In conclusion, their expected evolution for the future is discussed. 
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