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Motivations

ISCHEMIA HEMORRHAGE 



Stroke Incidence
#2

Stroke is the No.2 cause of

death behind heart disease.

1 IN 6 PEOPLE

will have a stroke 

in their lifetime.  

33
MILLION PEOPLE WORLDWIDE

had a stroke in 2010.

Slightly more than half (16.9

million) were first strokes*.

Someone has a stroke

every 2 SECONDS 

Over 13M PEOPLE will have a 

stroke each year



Time is BRAIN
Death 25% Disability 50% Full-recovery 25%



Clinical need



Computerized tomography 

(CT) 

Magnetic Resonance Imaging 

(MRI) 
• Time consuming 

• Not portable 

• Costly 

• Not available for bedside 

monitoring Harmful due to 

ionizing radiations (CT only)

Microwave Imaging (MWI) is a 

complementary technology

Current technologies for 
Diagnostic/Imaging



A lightweight reference object worn continuously by the patient. 

The measurement device is attached only during scanning, 

aligned with the reference object.

Our solution: Microwave Imaging



The signal’s journey



22 Antenna Array



Principle

Electrical contrast 

between the 

healthy tissues 

and stroke

affected zones Illuminating

antenna(s)

Measurement 

probe(s)



Antenna design

D. O. Rodriguez-Duarte et al., “Brick shaped antenna module for microwave brain imaging systems,” IEEE AWPL, 2020.

.

Working -10dB frequency 

band from 0.8 to 1.2 GHz, 

centered around 1GHz

Semi-flexible and custom-

permittivity coupling medium 

built with a mixture of 

urethane rubber and graphite 

powder. er around 20



Medium design



Matching medium

G25

Antenna substrate

Matching medium

GND plane

G35



Validation and Lab Experiments

VNA
2

Switch
Control +DC

24

11000

3-D Images

∆𝑺

Narrow working frequency band centered on 1 GHz 

(0.8-1.2 GHz) 

Coupling medium with er equal to around 20



Experimental Setup



Skull

Fat

Brain liquid

Drying time ~ 2-3h

Skull
CSF

The phantom



Validation and Lab Experiments

Homogeneous Multi-tissue 



Extracting data



Validation and Lab Experiments



Numerical Validation: homogeneous 
head

5𝑐𝑚3 10𝑐𝑚3 15𝑐𝑚3

In collaboration with:

0𝑐𝑚3



Numerical Validation: homogeneous 
head

HEM

1 GHz



Numerical Validation: multi-tissue 
head

HEM

1 GHz



Always in renewal!



Always in renewal!

PC (Processing 

Unit)

VNA

Switching

Matrix

Coaxial

Cables

Antenna

Array



Always in renewal!



Conclusion



The electornic engineer job



Giovanna Turvani

giovanna.turvani@polito.it

mailto:giovanna.turvani@polito.it


Solide basi di matematica, chimica, fisica ed 

informatica 



Dispositivi e 

circuiti 

elettronici

Elettronica 

analogica e 

dei sistemi 

digitali

Teoria dei 

segnali

Campi 

elettromagnetici

Controlli 

automatici

Misure 

elettroniche



GRAZIE PER L’ATTENZIONE, 

FELICE ORIENTAMENTO!

Referente del Corso di Laurea in Ingegneria Elettronica
Prof. Mario Casu

mario.casu@polito.it
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