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Abstract. In this work, we develop an application of a transmit birdcage coil for wireless
power transfer during the receive phase within a magnetic resonance imaging (MRI) scanner.
The study includes numerical simulations and an experimental verification of a numerical
model with a clinical birdcage coil. We simulate numerically magnetic fields inside the mag-
netic resonance imaging scanner with a phantom, the specific absorption rate distributions with
a human voxel model, and the resulting voltage on receiving system coils. Therefore, we char-
acterize possible distortions in MR images, demonstrate safety of the setup for a patient, and
evaluate the RF-RF efficiency numerically, respectively. Finally, we outline potential devices
placed in MRI bore which can provide a wireless power supply with the detuned birdcage coil
and receive system.
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Annorauusa. B nanHoii pabote paccMOTpeHa KOHUEMNLMS 0eCIPOBOIHON MepeJayn 3HEPruu
C MOMOLIBIO OTCTPOEHHOIO pe30HATOpa THUIIA «ITUYbs KJIETKa» IJI1 MarHUTHO-PE30HAHCHOM
tomorpauu (MPT) Bo Bpemst ¢a3bl mpuéma curHaia oT saep aToMoB. BbLIO mpoBeneHO
YUCJICHHOE MOJIECIMPOBAaHME, a TakKKe BepU(PUKALMS UYNCICHHOM MOIEIM B IKCIIEPUMEHTE
C TIOMOIIIbIO pe3oHaTopa OT KJMHUYeckoro amnmapata MPT. B uyacTHOCTHM, paccuuTaHbl
KapTUHBI MAaTHUTHOTO IIOJISI IJISI TAKOTO pe3oHaTopa ¢ (paHTOMOM, paclpenesieHNsT yaeIbHOIO
Koa(dduiimeHTa MOTJOIICHUSI 3JCKTPOMAarHUTHON SHEPrUM BHYTPU BOKCEJIbHON MOIEIU
yesJgoBeKa, a TakXkKe HampsLKeHMEe Ha cucTeMe MpUEMHBIX aHTeHH. B pesyibTare, OLICHEHBI
BO3MOXHbIE HCKaxkeHUsT Ha MP-u3obpaxeHusix, 6€30MacHOCTb TaKOW CHMCTEMbI, a TaKXe
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Koa(ppuLmeHT none3Horo aeiicteus. PazpadboranHasa cxema 0eCIIpOBOIHOIM Tepegadyn SHEPTUN
MOXET ObITh MCMOJb30BaHA BHYTPU TOHHeNs armnapaTtoB MPT co BCTpoeHHBIM pe30HaTOpPOM
TUMA <«IITUYbS KJICTKa» M CHUCTEeMON IpuéMa BSHEpPruu, YTO IIO3BOJUT O0OeCIIeYnBaTh
SJIEKTPOIHEPTUEN OONBIIMHCTBO BHMIOB NMPUEMHBIX JIOKAJBHBIX KaTylieK (OJIMKHEITOJBbHBIX
AHTCHH C TIPEIYCUIIUTEIIIMIA U CUCTEMOI OTCTPOMKM), a TaKKe MECAUIIMHCKUX TaTINKOB.

Kmouesbie cioBa: MPT, MarHutHO-pe30oHaHCHas ToMorpagus, pe3oHaToOp TUIA <«IITUYbS
kieTka», BITD, becripoBogHas nepegaya SHEPruu, pe3oHaTOPhI
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Introduction

Magnetic resonance imaging (MRI) is an important method of medical diagnostics for the
diseases including cancer and injuries. Near field antennas (called local coils) are used in MRI bore
to enhance the functionalities of an MRI scanner and require a wire connection to the scanner
during the scanning process. However, wire connection of local coils has many disadvantages,
including patient discomfort, lowered speed of the patient positioning by medical staff, periodic
replacement required by connectors and wires, and wrong cable positioning within MRI bore
which can cause an additional heating of the patient [1]. The cable provides data transfer and
power supply.

These issues can be resolved with wireless power transfer [2, 3]. Power supply without any
cables between a local coil and an MRI scanner can be realized with energy harvesting at the
scanning (Larmor) frequency, and with wireless power transfer at the frequency, different from
Larmor frequency [4]. The main drawback of energy harvesting is low transmitted power (above
500 mW) [5, 6] which can supply only limited types of receive local coils. However, wireless
power transfer requires an additional antenna [7—10]. Otherwise, the power transfer takes place
during a very limited time of the nuclei excitation (the excitation phase) [11], which is much lower
than the time of receiving the signal from the nuclei (the receive phase). As we demonstrate, this
problem can be solved by performing wireless power transfer during the receive phase without an
additional transmitting antenna. In particular, we use Siemens Avanto Body Coil with a modified
detuning system as the transmitting structure.

Materials and Methods

We apply CST Microwave Studio 2022 software package for numerical simulations. The
numerical model includes a birdcage coil with a modified detuning system, a radio frequency
(RF) screen, a receive system, and a phantom or the human voxel model. The Gustav voxel model
from CST Bio models library which was used for numerical simulations consists of 2x2x2 mm?3
voxels with permittivity, conductivity, permeability, density, and heat capacity corresponding to
those of specific human tissues and organs (for example, grey matter of the brain, skin, bones,
etc.), making it possible to study the specific absorption rate (SAR). The numerical model
of the birdcage coil is based on Siemens Avanto Body Coil with two ports and includes a
matching circuit. Moreover, the diodes in the birdcage coil model are replaced by inductors
to implement the detuning system. The RF screen is modelled as a cylinder surface made of
an annealed copper. The receive system consists of two identical orthogonal loop coils with
a port including a matching circuit in each of them. The body phantom is implemented as
a cylinder with the diameter of 300 mm and the length of 500 mm filled with a salted water.

© BbypmuctpoB O.U., Onexno H.A., 2024. Wznmatenb: Caukrt-IleTepOyprckuii monutexHuueckuii yHuBepcuter [leTtpa
Benukoro.

355



4St. Petersburg Polytechnic University Journal. Physics and Mathematics. 2024. Vol. 17. No. 3.1

The voltage on the dummy load and the magnetic fields within the birdcage coil are simulated
with the frequency domain solver (implementing a modified finite element method), while the
time domain solver (a modified finite difference time domain method) was used to obtain the
(SAR) of the voxel human model.

The permittivity and conductivity of the Siemens Test Phantom liquid for 1.5 T MRI scanners
used in numerical simulations were measured by SPEAG DAK 12 probe and Planar S5048 vector
network analyser. Besides, Planar S5048 was used for measuring the scattering parameters of
Siemens Avanto Body Coil.

Results and Discussion

For numerical simulations, we measured the permittivity of 80 and the conductivity of
1 Sm/m for Siemens Test Phantom for 1.5 MRI scanners. Then, we verified our numerical
model by comparing the scattering parameters of the Siemens Avanto Body Coil and the model.
When converting the scattering parameters into Z-parameters, we obtained that the difference
between the frequencies in the numerical model and the experiment for five modes does not
exceed 4%. After that, we added a detuning system with inductors to the model, and calculated
scattering parameters (Fig. 1) of the birdcage coil. We obtained the resonance frequency of
the fundamental mode (59 MHz), and higher-order modes (41 MHz, 31 MHz, 26 MHz) after
converting the scattering parameters into Z-parameters. We convert the real and imaginary parts
of the S-parameter of the first port (S11) to Z-parameters. The resulting frequency dependence of
impedance features a maximum whose position corresponds to the frequency of a certain mode.
Finally, for all studied modes (59 MHz, 41 MHz, 31 MHz, 26 MHz) we characterize the safety,
the RF-RF efficiency, and the distortion of MR-images by calculating the specific absorption rate
for the voxel human model, the voltage on dummy load within the receive coils, and the magnetic
fields, respectively. We established that the optimal mode for wireless power transfer is the one
at the frequency 31 MHz with RF-RF efficiency of 49%. Safety is the key limiting factor for the
birdcage coil input power since a human body is heated during scanning. The heating for any
part of the human body must be less than 2 W/Kg [12]. However, the received power (116 W) is
sufficient for supplying many types of receiving local coils and medical sensors, while providing
the safety of the scanning procedure. Moreover, the magnetic fields do not demonstrate any
considerable distortion at Larmor frequency (63.6 MHz) within the phantom volume, facilitating
that the proposed wireless power transfer system with a detuned birdcage coil will not decrease
the MR-images quality.
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Fig. 1. S-parameters of the birdcage coil. Grey dashed line indicates the fundamental mode frequency
63.6 MHz of the tuned coil (right inset). Purple dashed line shows the fundamental mode frequency
of the detuned coil (left inset). Blue markers in the inset indicate inductors used for detuning
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Conclusion

In this work, we demonstrated a principle of wireless power transfer with a detuned birdcage
coil, which allows providing power supply wirelessly during the phase of receiving the signal from
atomic nuclei. It allows power transfer with minimal pauses (tens of ms during several seconds).
For this purpose, a numerical model of the Siemens Avanto Body Coil has been developed and
verified. Then, a detuning system and a receiving antenna system were added to the model.
Magnetic field profiles for several birdcage modes were obtained, which facilitate that higher-
order modes, rather than the fundamental one, should be used for wireless power transfer since
their fields are concentrated on the surface of the phantom instead of its bulk. We demonstrate
that the optimal mode for wireless power transfer has the frequency of 31 MHz. Simulations with
a human voxel model show that the efficiency of wireless power transfer is 49%, and the maximal
transmitted power is 116 W, which is sufficient supply the majority of modern multichannel
receive coils and medical sensors. The developed system can be implemented in Siemens Avanto
setups, and the principle itself can be used for any MRI scanners with a birdcage coil.
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