
Abstract: 
Microwave imaging technology exploits the differences in 
dielectric properties of the objects under test to reconstruct 
an image of its inner parts in a contactless and safe way. Due 
to microwave technology's low cost, availability, and 
flexibility, MWT is increasingly considered a complementary 
diagnostic tool for medical imaging and quality control in 
industrial environments.
The short course aims to give the students the tools to 
understand and design MWT systems, select the best 
application approach and propose new techniques. The 
course structure covers a general introduction and 
applicability of the method, the theoretical concepts, and the 
already existing devices.

Learning Objectives:

After the course the students will be able to:
1. Recognize pros and cons of Microwave techniques in comparison to imaging and detection 
assessed technologies.
2. Find the situations where microwave techniques can complement those assessed techniques
3. Recognize each of the sections of a complete Microwave Tomography system, knowing their 
limitations, risks and challenges in the design process.
4. Distinguish and recognize the different imaging technique types (qualitative, quantitative) and 
their most important algorithms.
5. Decide which kind of technique or algorithm will be suitable for a specific problem they will face.
6. Start the implementation of some of the most known algorithms.
7. Recognize the main problems of numerical models of realistic situations and their role in the 
inversion algorithms.
8. Differentiate linear inversion problems from iterative inversion problems.
9. Recognize the nature of an inverse scattering problem (non-linearity and ill-posedness)

Recommended pre-requisites: 
-Basic knowledge on electromagnetism
-Basic notions on antennas
-Basic notions on linear algebra
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Course Outline: 
This short course summarizes the developments in the Microwave Imaging techniques on real-world 
applications, going from the theoretical and design steps to the description of already implemented 
devices, highlighting the strengths and limits of each approach. The increasing interest in this topic 
can be seen in the number of publications and workshops available, reflecting the high development 
of this technique that arrives to implemented and working devices.
The Antenna and Propagation Community is already a leading actor in this technology development, 
as Microwave and RF applications in different areas are always on the community radar. The course 
summarizes the efforts to develop devices, explaining the bases to a broader public that could 
exploit these techniques in different applications not yet studied.
The course is planned as a 3-hour lecture going from an introductory review in other techniques to 
the implemented devices, passing through the theoretical background of inverse scattering 
problems and algorithms. No laptop required by the students.
Part I: Introduction & Theoretical Background
1. Overview of possible applications
2. Background theory
a. Review of Electromagnetism Scattering
b. Fundamentals of Inverse Scattering Problems
Part II: From theory to implementation
1. Linearized Inverse methods
2.   Non-linear Tomography methods
a. Gauss-Newton methods
b. Contrast Source Inversion
c. Other approaches III. Emerging techniques.
Part III: Experimental implemented devices
1. Devices for biomedical applications
a. Breast Cancer detection
b. Brain stroke follow-up
c. Other biomedical applications
2. Devices for food monitoring applications
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