Abstract

Nowadays brain stroke is the second cause of death and the third cause of permanent disabilities worldwide and for this it requires timely diagnosis and treatment in order to reduce the risk of death or further damages for the patient.
In this regard, the most adopted clinical imaging techniques are Computed Tomography and Magnetic Resonance Imaging, but, although they are accurate and with high resolution, they have the drawbacks of being expensive, bulky and not portable, not comfortable for the patient and not suitable for a continuous monitoring, which is essential after a stroke onset. 
Moreover, the Computed Tomography uses ionizing radiation as X-Rays, so it is even harmful and not appropriate for repeated examinations.
These evidences have led to the necessity to develop a new diagnostic device based on Microwave Imaging (MWI) technology, which is relatively low cost, not harmful since it uses non-ionizing radiation, not invasive for the patient and above all it can be employed for bedside monitoring and frequent examinations.
Microwave Imaging technology exploits the fact that the stroke has different dielectric properties (relative permittivity and conductivity) respect to brain healthy tissues at microwave frequencies and, hence, evaluating this dielectric contrast, it is possible to obtain an image as the location and shape of brain stroke.
A MWI prototype for brain stroke monitoring has been realized at the Antenna and Electromagnetic Compatibility Laboratory (Politecnico di Torino).
The work of this thesis focuses on the experimental assessment of this MWI prototype through an extensive measurement campaign, reconstructing with different types of targets to simulate the presence of a stroke. 
The MWI system is composed by 24 printed monopole antennas, placed conformal to a head phantom, that is filled with a liquid mixture whose dielectric properties are those of an averaged brain tissue at microwave frequencies.
Each antenna, immersed in a brick made of graphite and urethane rubber (which acts as a coupling medium), works as a transmitter to illuminate the phantom and as a receiver to collect the field scattered by the head.
This is made possible thanks to a 2x24 switching matrix and to a Vector Network Analyzer which measures the 24x24 scattering matrix useful for the image reconstruction; all the components are controlled via laptop.
The image is then obtained through a differential approach: the difference between two scattering matrices related to two different time instant (one with a target-stroke inside the phantom and one without it) is given in input to an image reconstruction algorithm based on the Born approximation and the TSVD truncated singular value decomposition, so that the inverse scattering problem is solved and the dielectric contrast reconstructed.
The first measurements have been made with a small plastic ball with a precise geometry and easier to locate in the liquid inside the phantom: although some inaccuracies (especially in matching the right position), the system shows the ability to image the object.
The next acquisitions instead have been made with a target whose dielectric properties are the same of the blood so that it could simulate a hemorrhagic stroke; an immediate but basic case is a balloon filled with a liquid, which mimics the blood, inserted in the phantom through sticks, while a more refined target has been obtained taking an almost cylindrical case filled whit blood mimicking liquid and put also in different positions of the head.
The images obtained with the cylindrical-case target are less noisy than the ones with the balloon and also the target is more realistic and easier to manage; the results show that also in these cases, the device is able to see the object inside the brain, even if it makes more difficulty in catching and so reconstructing the right position of the target.
The current limits reside however in the spatial resolution and in a quite high sensitivity to various perturbations, such as temperature or measurement noise.
During the thesis, moreover, calibration procedures have been investigated, placing two of the 24 antennas external to the phantom and considering them as reference channel, in order to understand if their signal, not dependent on the target, can help to correct the measurements.
The next possible steps to improve this MWI prototype regards the measurements with smaller targets to check if the system can image them and measurements with a target which simulates also an ischemic stroke, that could be also mimicked with a proper mix of liquids as the other liquid. 
Furthermore, there is interest in creating a “stroke monitoring”, for example acquiring measures rotating the target from a vertical position to a horizontal one.
All these tests have as the final challenge the realization of a portable 3-D wearable MWI helmet.

