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ABSTRACT

Magnetic Resonance Imaging (MRI) has emerged as a powerful tool for characterizing
antennas and analyzing their electromagnetic properties. This comprehensive review
delves into the principles, methodologies, and applications of MRI in antenna engineering,
covering topics such as magnetic field mapping, resonance phenomena, imaging
techniques, and practical applications. By examining the intersection of MRI and antenna
engineering, this review aims to elucidate the significance of MRI in understanding antenna
behavior, optimizing design parameters, and advancing wireless communication, sensing,
and imaging technologies.

Accepted 17.10.2022

Author’s e-mail: g.davidsr@gmail.com, klmdodo.r@gmail.com, ran.kuma@gmail.com,

How to cite this article: David G, Mdodo KL, Kuma R. Magnetic Resonance

DOI:

Imaging in Antennas
https://doi.org/10.31838/NJAP/04.02.05 sing ¢

No. 1, 2022 (pp. 28-33).

INTRODUCTION TO MAGNETIC RESONANCE IMAGING (MRI) IN
ANTENNAS

Magnetic Resonance Imaging (MRI) is a non-invasive
imaging technique that utilizes the principles of nuclear
magnetic resonance (NMR) to produce detailed images
of internal structures and objects. In the context of
antenna engineering, MRI offers unique capabilities for
visualizing electromagnetic fields, mapping magnetic
flux densities, and analyzing antenna performance in
three-dimensional space. By leveraging MRI techniques,
engineers can gain valuable insights into antenna
behavior, radiation characteristics, and electromagnetic
interactions, enabling more accurate modeling,
simulation, and optimization of antenna designs.
Magnetic Resonance Imaging (MRI) is a powerful medical
imaging technique that utilizes the principles of nuclear
magnetic resonance (NMR) to produce detailed images
of the internal structures of the human body. While MRI
is primarily a medical imaging modality, its underlying
principles have also found applications in antenna
engineering, particularly in the development of magnetic
resonance imaging antennas. !4

In MRI, a strong magnetic field is applied to the body,
causing the nuclei of hydrogen atoms in water molecules
to align with the field. Radiofrequency (RF) pulses are
then applied to the body, perturbing the alignment of
the hydrogen nuclei. When the RF pulse is turned off,
the nuclei release energy in the form of electromagnetic
radiation, which is detected by RF antennas positioned
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around the body. By analyzing the emitted signals, MRI
systems can reconstruct detailed images of the body’s
internal structures, including organs, tissues, and blood
vessels as in Fig. 1.

In antenna engineering, magnetic resonance imaging
antennas are specialized RF antennas designed to
transmit and receive RF signals for MRI applications.
These antennas play a critical role in the operation of
MRI systems, enabling the generation and detection of
RF signals used for imaging. MRI antennas must meet
stringent performance requirements, including high
sensitivity, wide bandwidth, low noise, and compatibility
with the strong magnetic fields used in MRI systems.

Designing MRI antennas presents unique challenges due
to the presence of the strong static magnetic field,

Fig.1: Schematic diagram of an MRl machine
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radiofrequency interference, and safety considerations.
Engineers must carefully optimize the antenna design
to minimize electromagnetic interference, maximize
signal-to-noise ratio, and ensure patient safety and
comfort during MRI examinations.

Despite these challenges, magnetic resonance imaging
antennas have seen significant advancements in recent
years, leading to improved imaging quality, faster
scanning times, and enhanced diagnostic capabilities in
clinical settings. Continued research and innovation in
MRI antenna technology are expected to further improve
the performance and capabilities of MRI systems, driving
advancements in medical imaging and diagnosis.

PRINCIPLES OF MAGNETIC RESONANCE IMAGING (MRI)

¢+ Nuclear Magnetic Resonance (NMR): Magnetic
Resonance Imaging (MRI) is based on the principles of
nuclear magnetic resonance (NMR), whichinvolves the
interaction of atomic nuclei with external magnetic
fields and radiofrequency (RF) pulses. When placed
in a strong magnetic field, atomic nuclei align with
the field and precess at a characteristic frequency,
known as the Larmor frequency. By applying RF
pulses at the Larmor frequency, nuclei can be
excited and manipulated to produce detectable
signals, which are used to generate MRI images. 254
Nuclear Magnetic Resonance (NMR) is a phenomenon
in which atomic nuclei in a magnetic field absorb and
re-emit electromagnetic radiation at characteristic
frequencies. It is a powerful technique used in
various scientific fields, including chemistry, physics,
and medicine, to study the properties and behavior
of atomic nuclei in molecules and materialsas in
Fig. 2.

In NMR spectroscopy, a sample is placed in a strong
magnetic field, causing the nuclei of atoms within the
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Fig. 2: Design of a Dual-Purpose Patch Antenna for
Magnetic Resonance Imaging
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sample to align with the magnetic field. Radiofrequency
(RF) pulses are then applied to the sample, perturbing
the alignment of the nuclei. When the RF pulse is turned
off, the nuclei return to their original alignment, emitting
electromagnetic radiation at frequencies characteristic
of their chemical environment. By measuring the
frequencies of the emitted radiation, scientists can
obtain detailed information about the chemical structure,
composition, and dynamics of the sample.

In addition to spectroscopy, NMR is also widely used in
medical imaging as the basis for magnetic resonance
imaging (MRI). In MRI, the NMR signals emitted by
hydrogen nuclei in water molecules are detected by
RF antennas positioned around the body, enabling the
generation of detailed images of the internal structures
of the body.

Overall, NMR is a versatile and powerful technique
with applications ranging from chemical analysis and
materials science to medical imaging and diagnosis.
Its ability to provide detailed information about the
structure, composition, and dynamics of molecules and
materials makes it an indispensable tool in scientific
research and technological development.

+ Magnetic Field Mapping:MRI enables precise mapping
of magnetic fields in three-dimensional space,
providing insights into the distribution, strength, and
orientation of magnetic flux densities. By measuring
the resonance frequencies and phase shifts of
nuclear spins in different regions of the sample, MRI
can reconstruct spatial maps of magnetic fields with
high resolution and accuracy. Magnetic field mapping
is essential for characterizing electromagnetic
fields around antennas, identifying areas of high
field intensity, and optimizing antenna designs for
performance and safety.Magnetic field mapping is the
process of measuring and visualizing the distribution
of magnetic fields in a given space. It is a crucial
technique in various scientific and engineering
applications, including magnetometry, magnetic
resonance imaging (MRI), and electromagnetic
compatibility (EMC) testingas in Fig. 3.

In magnetometry, magnetic field mapping is used to
characterize the magnetic fields produced by magnets,
magnetic materials, or electrical currents. By measuring
the strength and direction of magnetic fields at different
points in space, magnetometers can provide valuable
insights into the properties and behavior of magnetic
materials and devices.

In MRI, magnetic field mapping is essential for calibrating
and optimizing MRI systems, ensuring uniform magnetic
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Fig. 3: A pathway towards a two-dimensional,
bore-mounted

fields within the imaging volume, and minimizing image
distortions and artifacts. Magnetic field maps are used to
correct for spatial variations in magnetic field strength
and homogeneity, leading to improved imaging quality
and diagnostic accuracy.

In EMC testing, magnetic field mapping is used to assess
electromagnetic interference (EMI) and electromagnetic
compatibility (EMC) of electronic devices and systems.
By mapping the electromagnetic fields generated by
devices under test (DUTs), engineers can identify sources
of EMI, assess their impact on nearby equipment, and
develop mitigation strategies to ensure compliance with
regulatory standards and specifications.

Overall, magnetic field mapping plays a critical role in
understanding, optimizing, and controlling magnetic
fields in various applications. By providing detailed
information about the spatial distribution of magnetic
fields, magnetic field mapping enables scientists and
engineers to design and operate magnetic systems more
effectively and efficientlyas in Fig. 4.

¢+ Resonance Phenomena:MRI exploits the resonance
phenomenon, where atomic nuclei absorb and emit
electromagnetic energy at specific frequencies in
the presence of a magnetic field. The resonance
frequency depends on the strength of the magnetic
field, the gyromagnetic ratio of the nucleus,
and the surrounding environment. By tuning the
magnetic field strength and applying RF pulses at the
resonance frequency, MRI can selectively excite and
detect nuclei of interest, enabling contrast imaging
and spectroscopic analysis of biological tissues,
materials, and objects.Resonance phenomena in
MRI (Magnetic Resonance Imaging) are fundamental
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Fig. 4: Monopole Antenna Array

to the functioning of this powerful medical imaging
technique. MRI relies on the principles of nuclear
magnetic resonance (NMR), which involves the
interaction between atomic nuclei and magnetic
fields.

In MRI, a strong static magnetic field is applied to the
body, causing the hydrogen nuclei (protons) in water
molecules to align with the field. When subjected
to a radiofrequency (RF) pulse, the aligned protons
absorb energy and enter an excited state. As the RF
pulse is turned off, the protons return to their original
alignment, releasing the absorbed energy in the form of
electromagnetic radiation.

The emitted radiation is detected by RF coils positioned
around the body, and the resulting signals are processed
to create detailed images of the body’s internal
structures. The resonant frequency at which the protons
absorb and emit energy is determined by the strength of
the magnetic field and the chemical environment of the
protons.

Resonance phenomena in MRI enable the selective
excitation and detection of specific atomic nuclei,
allowing for the generation of high-resolution images
with excellent tissue contrast. By exploiting resonance
phenomena, MRI provides valuable diagnostic information
about the anatomy, physiology, and pathology of tissues
and organs, making it an indispensable tool in modern
medicine.

TECHNIQUES FOR MAGNETIC RESONANCE IMAGING (MRI) IN
ANTENNAS

¢ Proton MRI: Proton MRI, also known as hydrogen MRI,
is the most common technique used in clinical and
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research MRI systems. Protons (hydrogen nuclei) are
abundant in biological tissues and water molecules,
making proton MRI suitable for imaging anatomical
structures, organs, and soft tissues in the human
body.*'#1 Proton MRI can also be applied to study
the electromagnetic properties of antennas, such
as radiation patterns, impedance matching, and
electromagnetic interference, by visualizing the
distribution of RF energy and magnetic fields around
the antenna structureas in Fig. 5.

Nuclear Magnetic Resonance (NMR) Spectroscopy:
NMR spectroscopy is a technique used to analyze
the chemical composition, molecular structure, and
physical properties of materials based on their NMR
signals. In the context of antennas, NMR spectroscopy
can be used to study the electromagnetic properties
of materials, substrates, and components used in
antenna construction. By analyzing the resonance
frequencies, relaxation times, and spectral signatures
of nuclei in different materials, NMR spectroscopy
provides valuable information for antenna design,
material selection, and performance optimization.

Functional MRI (fMRI): Functional MRI (fMRI) is a
specialized MRI technique used to study brain activity
and functional connectivity by measuring changes in
blood flow and oxygenation levels in response to neural
stimuli. While primarily used in neuroscience research,
fMRI can also be applied to study the electromagnetic
responses of biological tissues and organs to external
stimuli, such as RF energy from antennas. fMRI can
provide insights into the physiological effects of
electromagnetic fields on living organisms, enabling
assessment of safety, compliance, and biological
interactions in antenna systems.

APPLICATIONS OF MAGNETIC RESONANCE IMAGING (MRI) IN
ANTENNAS

Antenna Design and Optimization:MRl enables
visualization and characterization of electromagnetic
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Fig. 6: Miniaturised MIMO antenna array

fields around antennas, providing insights into
radiation patterns, impedance matching, and
performance characteristics. By visualizing the
distribution of magnetic flux densities and RF
energy, MRI facilitates the optimization of antenna
designs for specific applications, such as wireless
communication, radar, and medical imaging. MRI-
guided antenna design techniques can improve the
efficiency, reliability, and safety of antenna systems
in diverse environments and operating conditionsas
in Fig. 6.

Biomedical Sensing and Imaging:MRI is widely used
in biomedical applications for non-invasive imaging
of anatomical structures, physiological functions,
and disease processes. In the context of antennas,
MRI can be applied to study the interaction between
electromagnetic fields and biological tissues,
enabling assessment of safety, biocompatibility,
and thermal effects in antenna systems. MRI-guided
biomedical sensing and imaging techniques can
provide valuable information for designing antennas
for medical applications, such as implantable
devices, wearable sensors, and diagnostic imaging
systems.[3”]

Material Characterization and Electromagnetic
Compatibility (EMC):MRI offers capabilities for non-
destructive testing and characterization of materials,
substrates, and components used in antenna
construction. By analyzing the electromagnetic
properties, dielectric constants, and magnetic
susceptibilities of materials, MRI can provide insights
into their suitability for antenna applications and
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electromagnetic compatibility (EMC) requirements.
MRI-guided material characterization techniques
can help identify potential sources of interference,
coupling effects, and signal distortion in antenna
systems, enabling mitigation strategies and design
optimizations.

CHALLENGES AND FUTURE DIRECTIONS

Despite the advantages of MRI in antenna engineering,
several challenges and opportunities exist for further
research and developmentas in Fig. 7:

+ Resolution and Sensitivity:MRI techniques for antenna
imaging and characterization may face challenges
in achieving high spatial resolution and sensitivity,
particularly for small-scale antennas, high-frequency
applications, and dynamic environments [45]. Future
research efforts will focus on developing advanced
imaging protocols, signal processing algorithms,
and hardware technologies to improve resolution
and sensitivity in MRI-based antenna analysis and
optimization.

+ Electromagnetic Interference (EMI):MRI systems
generate strong magnetic fields and RF energy,
which can induce electromagnetic interference
(EMI) in nearby electronic devices, sensors, and
communication systems. EMI from MRI scanners can
affect the performance and reliability of antennas
and wireless devices, posing challenges for antenna
testing, calibration, and operation. Future research
will explore EMI mitigation techniques, shielding
strategies, and electromagnetic compatibility
(EMC) solutions to minimize interference effects
and ensure reliable operation of antennas in MRI
environmentsas in Fig. 8.
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¢ Biological Effects and Safety:MRI systems emit RF
energy and magnetic fields that may interact with
biological tissues and organisms, raising concerns about
potential health risks and safety hazards. While MRI
isconsidered safe for clinical and research applications,
its effects on living organisms and biological systems
in the context of antenna engineering require further
investigation. Future research will focus on assessing
the biological effects of RF energy, magnetic fields,
and thermal heating on living organisms exposed to
MRI environments, enabling the development of safety
guidelines, standards, and regulations for antenna
design and operation.Biological effects and safety
considerations are paramount in the application of
Magnetic Resonance Imaging (MRI) technology. While
MRI is generally considered safe, there are specific
factors and precautions to consider to ensure patient
well-being.

One critical aspect is the exposure to strong static
agnetic fields, which can exert forces on ferromagnetic
objects within the vicinity of the MRI scanner. Patients
with implanted medical devices, such as pacemakers or
cochlear implants, may be at risk, as these devices can
be affected by the magnetic field. It’s essential to screen
patients thoroughly before MRI procedures to identify
any potential risks.

Radiofrequency (RF) energy used during MRI scans can
also generate heat in the body, particularly in tissues
with high water content. Although modern MRI systems
are equipped with safety mechanisms to monitor and
control RF energy levels, precautions must be taken to
prevent excessive heating, especially in sensitive areas
of the body.

National Journal of Antennas and Propagation, ISSN 2582-2659
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Another consideration is the use of contrast agents,
which are sometimes administered to enhance the
visibility of certain tissues or structures in MRI images.
While contrast agents are generally safe, there is a small
risk of allergic reactions or adverse effects, particularly
in patients with pre-existing medical conditions.

Overall, MRI procedures are considered safe when
performed by trained professionals and with appropriate
safety protocols in place. By adhering to strict guidelines
and ensuring proper patient screening, monitoring,
and supervision, the biological effects of MRI can be
minimized, allowing for safe and effective imaging in
clinical settings.

CONCLUSION

In conclusion, Magnetic Resonance Imaging (MRI) offers
valuable insights into the electromagnetic properties,
behavior, and performance of antennas, enabling
engineers to optimize designs, characterize materials,
and assess biological interactions. By leveraging
MRI techniques, antenna engineers can visualize
electromagnetic fields, map magnetic flux densities,
and analyze resonance phenomena in three-dimensional
space, facilitating the development of efficient, reliable,
and safe antenna systems for diverse applications. As
MRI technology continues to advance and evolve, its
integration with antenna engineering will lead to new
capabilities, applications, and discoveries in wireless
communication, sensing, and imaging technologies. By
embracing interdisciplinary collaborations, leveraging
advanced imaging techniques, and addressing emerging
challenges, antenna engineers can harness the full
potential of MRI to unlock new frontiers in antenna
design, analysis, and optimization.
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