Nazev ramcového tématu
¢eskyl/anglicky

Anotace (Cesky)

Anotace (anglicky)

Skolitel

Skolitel-
specialista

Cislo a nazev projektu/grantu

In silico studie energetické bilance MR zobrazovaciho systému a jadernych spini
In silico link budget analyses of an MRI system and nuclear spins

Téma se zabyva kvantitativnim vyhodnocenim
energetické bilance procesu excitace a precese
jadernych spind v pribéhu zobrazovani
magnetickou rezonanci (MR). MR
zobrazovaci civky jsou bézné definovany a
navrhovany pomoci zékladnich parametrt
jako je 1impedance, Cinitel jakosti Q,
rozptylovy S-parametr a faktor plnéni n.
Zridka je vSak pocitano se skutecné dostupnou
energii vzniklou z jevu jaderné magnetické
rezonance a ztratami, ke kterym dojde pted
jejim pfijmem. Pokrok ve vypocetnich
prostiedcich umoziuje porozumét chovani
elektromagnetickych vin témét v jakémkoliv
materidlu a kvantifikovat jejich pfeménu,
rozptyl nebo ztraty. Cilem této prace je in
silico studie komplexniho prostiedi MR
véetn¢ hlavniho magnetu, korekénich shim
civek, gradientnich civek, télové wvysilaci
civky pfijimacich civek a jejich vzéjemny vliv
na jaderny vektor magnetizace. Vyvinuté
modely umozni piesné¢ studovat signdl MR a
provést kvantitativni vyhodnoceni energetické
bilance spoje v podminkach blizkych skute¢né
zobrazovaci sekvenci. Cilem je zmapovat
rozdéleni veskeré dostupné energie a predlozit
nové metody navrhu a  konstrukce
zobrazovacich MR civek. LepS§i parametry
civek vedou k nartstu poméru signal Sum,
ktery umozni krat$i vySetfeni a lepSi
diagnostiku ~ predev§im v naro¢nych
aplikacich, jako jsou DWI, fMRI nebo
kardiologicka zobrazovani. Vysledky simulaci
budou experimentalné¢ ovéfeny laboratornimi
experimenty.

The topic is focused on link budget analyses
of the nuclear spins excitation and precession
during magnetic resonance imaging (MRI).
MRI coils are usually defined and designed
based on essential coil parameters like
impedance, quality factor Q, Scattering-
parameter and filling factor m. Available
energy produced by nuclear magnetic
resonance phenomena and losses that
experiences prior to reception is rarely taken
into consideration. Recent computational
power advances allow us to understand
electromagnetic waves behavior in almost any
material and  quantify  their  energy
transformation, scattering or dissipation. The
purpose of this work is in silico study of
complex MRI environment including main
magnet, shim coils, gradient coils, transmit
body coil, receive coils and their reciprocal
influence on nuclei magnetization vector.
Developed models will allow precise study of
an MRI signal and leading to quantitative
analysis of the MRI link budget under
conditions close to real imaging scenarios. The
goal is to assess distribution of all available
energy and resulting in a new design methods
and MRI coil designs. Improved coil
parameters lead to higher signal to noise ratio
allowing faster acquisition and better
diagnostic ~ especially in  challenging
applications like DWI, fMRI or -cardiac
imaging.  Simulated results will be
experimentally validated using laboratory
experiments.
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