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Research context and motivation Novel contributions

- Brain stroke affects more than 10 millions people per year. I-Ilntracrinial Ischemic | |° Hylgrid simulation-meagurement calibration: E'" is retrieved as linear gqmbination of synthetic
With the limitations of conventional methods, prevailing en(ug;l )age troke (IS) 2a3|s functions repr(?sentmg the system, jthr.ough measuremlent.-d.erlved coefficients. |
medical issues are: * An ad-hoc dynamic phantom can mimic stroke evolution: it has a stable multilayer external
o accelerating stroke detection; structure and an internal liquid cavity where the stroke-like target can expand (Materials: mixture of
o classifying ischemic and hen;orrhagic cases: graphite powder/urethane rubber, 3-D printing filament filled with carbon fibers. alchol-water-salt.

o continuously monitoring stroke status.

* TSVD + Born’s algorithm has proved its potential ICH Evolution _ ¢, IS Evoiution
* Real-time imaging methods achieve short reconstruction times with specific mathematical for quantitative evaluation, useful in stroke type ol ol
techniques at the expense of quantitative accuracy. They solve linearized models of scattering differentiation. The information on real and
such as those based on the Born or Rytov's approximations. imaginary part of the dielectric contrast function |
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can be used to distinguish ICH and IS.
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Forward model of scattering:  A3p,q= =7 aa, fD Ae(r)ER(r) - E¢”*(r, Ae(r)) dr

* A Rytov-based correction factor is used to update the initial contrast guess (from linear inversion):

Born's approximation: Et(r,Ae(r)) ~ EX“(r), a?|k2(r) —ki| < 1,7 €V,
EX (r,Ae(r), w) = ETC(r, Ae(1), w) - (1, Ae(r), w) (1)

Rytov’s approximation: E&(r, Ae(1)) ~ EZ*“(r)e¥, (k2(r) —k3)/ki < 1,1 €V - .
[Nikolova, Introduction to Microwave Imaging, 2017] Ae(r) = Ae™(1) /Y, (2)

. Analytical solution:  [tho—116s(7, @) = k(@) [[[ 8£°G)6, (7, )Gy =) (3
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+ Most inversion strategies assume a priori M numerical mode AGIAI Systam Ag parameters, AS (FEM solver) AS, E*"¢, B0t
knowledge of a reference electromagnetic scenario,
inc ; - Calibration
where E™™ is computed. Thus, modeling errors |
due to inaccuracies in the physical system (or L
ﬂﬂﬁfaﬁ?'e?ffufféﬁ ir:()thgitlﬁn;fir:ar\]a;omy) e =xperimental o | Directinversion | | Imaging Operator,

« System calibration is necessary to add actual
information on the real behaviour of the system.

Analytical solution
(“simulation-free”)

Rytov Correction
factor: Y (r' 1, 1’, w)

* |f the scatterer violates Born’s accuracy limits images contain artifacts which reflect differences

between Et°t and E¢, rather than contrast Ae.
» Evaluate Born's approximation assumption: does the quantitative information still have clinical

Initial guess, A&®

relevance? What is the expected error and how can we mitigate the effects? Numerical solution
- Goal implementation: real-time stroke monitoring. Ag0 | " For preliminar validation
 Acquisition of experimental data on life-like multitissue model. Variety of tissues electromagnetic Ae = — = Optimal ¥, (1) ¢

properties alterates the penetration of the radiation and notoriously affects the imaging process. g
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Vancouver. BC. Canada. 2023. * Ongoing external research activity in collaboration with McMaster University, Hamilton, ON,
Paper awarded with the URSI EMTS 2023 Young Scientist Award and the Honorable mention URSI EMTS Canad.a (Prof. Natalla Nikolova): | | , . . .
2023 Young Scientist Best Paper Award * Analytical solution of Green’s function that allows simulation-free non-linear inversion

* Implementation of new simulation-free solution for scattering model inversion MCMaSter
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