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Abstract

Magnetic Resonance Tomography is one of the leading technologies in
medical imaging. It is used for humans' and animals' different body parts
examinations as well. Mainly the MRT is used for soft tissue imaging, such as the
brain. Imaging the brain by the MRT can be used for clinical diagnosis and finding
the anomalies, also it is possible to research tractography of the neurons and axons
and determining the functional areas in the brain by the Functional Magnetic
Resonance Tomography. In these fields, the quality of the Magnetic Resonance
Tomography exceeds the possibilities of other technologies, such as Computer
Tomography (CT). Also, it should be mentioned that Magnetic Resonance
Tomography is not using ionizing radiation, which can potentially damage the
biological tissue distinctly to the CT. The principle of the MRI is based on
manipulating Hydrogen (in some cases other nuclei as well) spins with the help of
the main static magnetic field, gradient coils, and receive-transmit coils. Magnetic
Resonance Tomography has its downsides such as avoiding implanted patients and
objects with metallic parts, monitoring the Specific Absorption Rate during the
examination, and the cost of the scanner, but instead of this, Magnetic Resonance
Tomography is unchangeable technology for clinical examinations and research.

This field is developing day by day, and its opportunities is expanding as well.
Developing the MRI system supports the implementation of the various complex
systems, such as parallel transmit (pTx) coils. Their implementation mainly became
necessary after introducing the larger static magnetic field MRT scanner, because
conventional coils do not offer a homogenous transmit field, which is reflected in
the image quality too. The principle of the parallel transmit coils is based on the
increased degree of freedom, which makes it possible to control the transmit fields
advanced way, solve the field inhomogeneity if necessary or produce spatially
tailored spin excitation. This technology provides expanded opportunities for
Magnetic Resonance Tomography, but using them for clinical purposes widely,
meets several difficulties because of its complexity.

The methodology described in this thesis represents a control mechanism for
the degree of freedom, that simplifies the pTx system on the desirable level. This
methodology is based on the pairing of transmit channels regarding the specific
algorithm, which aims the least decrease the image quality, by choosing the transmit
channel’s pairs optimally. The magnetic component of the transmit radiofrequency
fields, which describes the sensitivity of the specific channel in the research subject,
is used to choose the pairs optimally. Channels are sorted and the best pairs are
chosen based on the transmit magnetic fields, with the help of the methodology
described in the thesis. Pairing the transmit channels decreases the physical
necessities (like electric components and equipment) for the transmit up to a factor
of two and reduces the computational needs, which directly affects the preparation
time required before the examination.



There are described two simulated research objects in the thesis, the first is
a six-channel one-row parallel transmit antenna, and the second is a twelve-channel
two-row parallel transmit antenna. Innovative simplification methodology is
applied to these objects. For the first object, analysis is made on two conditionally
chosen slices, as on the two-dimensional transmit magnetic field maps. Whereas the
whole volume is used for the second object - as a three-dimensional transmit
magnetic field map. It worth mentioning that the results from both objects are
logically linked. For the first research object, which is one-row, analysis on both
slices showed that pairing channels are on opposite sides to each other. For the
second object, which is two-row, the pairing channels are on the opposite sides and
in a different row. For the first research object, the initial number of transmit
channels was six and after simplification, it became only three, whereas for the
second object, the initial number of transmit channels was twelve and it reduced to
six.

The methodology described in the thesis, which aims the simplification the
parallel transmit channels and increasing their accessibility, is a universal method,
which can be applied to any type of parallel transmit antenna. It can be used
regardless of the type of antenna element (loop, dipole, microstrip line, their
combinations, etc.) and the geometrical arrangement of those antenna elements.
Specific parallel transmit antenna can be simplified as one process in the initial stage
and does not require to interfere in every examination. These features make the
methodology more favorable to be implemented.
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0 G)-7  =By(7,0)\ /M,
=yl G@)-# 0 B, (#t) || My
_Bl,y (7:), t) _Bl,x (F, t) 0 MZ
boOG,
N
B, (7,t) = Re {z S (P bn(t)} (23)
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