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DESCRIPTION

BACKGROUND OF THE INVENTION

[0001] The field of the invention is systems and methods for magnetic resonance imaging
("MRI"™). More particularly, the invention relates to systems and methods for portable MRI using
an inhomogeneous magnetic field for spatial encoding.

[0002] A conventional MRI scanner uses several different magnetic fields to produce an image.
One field is a static, highly uniform magnetic field that is used to polarize the nuclear
magnetization and in which a free-induction decay ("FID") signal is read-out. Another field is a
radio frequency ("RF") pulsed field to initiate the FID. Also, one or more gradient fields are
used to encode the spatial location from which the FID originates, thereby spatially encoding
the resulting image. The gradient fields are spatially changing (e.g., linear with position)
gradient fields that modulate the spin phase as a function of position. As a result of the
modulate spin phase, the location of the signal is encoded as the Fourier transform of the
acquired signal. Sometimes a nonhomogeneous pre-polarization field is used to boost the
initial magnetization, which is then read-out in a uniform, lower strength field.

[0003] Much of the size and complexity of an MRI system derives from the fact that typical
clinical MRI systems require a very homogeneous static magnetic field and very high-power
linear gradient fields. Thus, current MRI systems are limited to hospital settings due to the
weight and fragility of highly homogeneous superconducting or permanent magnets. An
additional burden is the need for hundreds of amps of current to power the gradient fields. To
make the MRI system portable, a new type of MR encoding scheme is needed. It has not been
sufficient to simply "shrink down" current designs.

[0004] A portable MR system has the potential to quickly detect brain injury at the site of injury.
For example hemorrhage detection is critical for both stroke patients and traumatic brain injury
victims. In stroke, rapid distinction between a hemorrhagic and non-hemorrhagic event could
allow administration of a clot-busting drug such as tPA (tissue plasminogen activator) in an
ambulance prior to transportation to the hospital, perhaps advancing this time-sensitive
treatment by up to an hour. Subdural hemorrhage (or hematoma) is a form of traumatic brain
injury, in which blood gathers between the dura and arachnoid mater (in meningeal layer) and
is likely to be visualized on course resolution (e.g. 5mm) T1 images. Rapid diagnostics of the
hemorrhage in the field could substantially accelerate treatment by adverting a "wait and see"
approach. After brain surgery, some patients develop a hemorrhage that must be treated
immediately. A bedside MRI in a neuro-ICU would allow frequent checks for the development
of such hemorrhaging.

[0005] Others have disclosed portable nuclear magnetic resonance spectrometers; however,
even these systems still make use of conventional encoding schemes that require gradients.
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[0006] An example of a portable MR system using a Halbach array of permanent magnets is
described in Zimmerman et al. in "Design and Construction of a Halbach Array Magnet for
Portable Brain MRI", Proc. Intl. Soc. Mag. Reson. Med., 20th Annual Meeting & Exhibition,
2012.

[0007] It would therefore be desirable to provide a portable MRI system that does not require
the use of magnetic field gradient coils to provide spatial encoding of magnetic resonance
signals.

SUMMARY OF THE INVENTION

[0008] The present invention overcomes the aforementioned drawbacks by providing a
portable magnetic resonance imaging ("MRI") system that uses its naturally inhomogeneous
magnetic field to spatially encode magnetic resonance signals.

[0009] It is an aspect of the invention to provide a portable MRI system according to claim 1
that includes a magnet assembly, a rotator, a radio frequency ("RF") coil, and a controller. The
magnet assembly includes a plurality of permanent magnets and a support. Each of the
plurality of permanent magnets extend from a proximal end to a distal end along a longitudinal
axis of the magnet assembly. The support is configured to hold the plurality of permanent
magnets in an annular arrangement so as to define a region configured to receive an object to
be imaged. The support is also configured to hold the plurality of permanent magnets such that
the permanent magnets generate a magnetic field that varies with spatial location in a plane
transverse to the longitudinal axis of the magnet assembly. The rotator is coupled to the
magnet assembly and configured to rotate the magnet assembly about its longitudinal axis
through a plurality of different rotation angles. The RF coil is configured to generate RF energy
and receive magnetic resonance signals from an object positioned in the magnet assembly.
The controller is configured to direct the rotator to rotate the magnet assembly through the
plurality of different rotation angles and to direct the RF coil to generate RF energy and receive
responsive magnetic resonance signals at each rotation angle.

[0010] Claim 11 defines a corresponding method for acquiring magnetic resonance imaging
data using an annular array of permanent magnets. Further detailed embodiments are
described in the dependent claims. In the description, reference is made to the accompanying
drawings which form a part hereof, and in which there is shown by way of illustration a
preferred embodiment of the invention. Such embodiment does not necessarily represent the
full scope of the invention, however, and reference is made therefore to the claims and herein
for interpreting the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0011]

FIG. 1 is a block diagram of an example of a portable magnetic resonance imaging ("MRI")
system in accordance with embodiments of the present invention;

FIG. 2 is an example of a magnet assembly that forms a part of the portable MRI system of the
present invention;

FIG. 3 is an illustration of an example arrangement of the permanent magnets in the magnet
assembly of FIG. 2, in which the permanent magnets are arranged in an annular Halbach
array;

FIG. 4 is a plan view of the magnet assembly of FIG. 2;
FIG. 5 is a cross-section of the magnet assembly of FIG. 2;

FIG. 6 is an example configuration of permanent magnets that may form a part of a magnet
assembly used in a portable MRI system in accordance with the present invention, in which the
permanent magnets include end-ring magnets that control uniformity of the magnetic field
produced by the magnet assembly;

FIG. 7 is a cross-section of the configuration of permanent magnets of FIG. 7,

FIG. 8 is an example of magnetic field profiles generated by the magnet assembly of FIG. 2;
and

FIG. 9 is an example of magnetic field profiles generated by the configuration of permanent
magnets in FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

[0012] A portable magnetic resonance imaging ("MRI") system that uses static magnetic field
inhomogeneities in the main magnet for encoding the spatial location of nuclear spins is
provided. Also provided is a spatial-encoding scheme for a low-field, low-power consumption,
light-weight, and easily transportable MRI system. In general, the portable MRI system of the
present invention employs spatial inhomogeneities in the polarizing By magnetic field rather

than gradient fields to spatially encode images. Thus, in the system of the present invention,
an inhomogeneous static field is used to polarize, readout, and encode an image of the object.
To provide spatial encoding, the magnet is rotated around the object to generate a number of
differently encoded measurements. An image is then reconstructed by solving for the object
most consistent with the data, for example in the least-squares sense, with or without the use
of constrains or prior knowledge (other than the spatial map of the By field).

[0013] The portable MRI system of the present invention may be used to detect hemorrhage in
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emergency situations, to monitor for hemorrhage in the intensive care unit ("ICU") after brain
surgery at a patient's bedside, or to detect hemorrhagic stroke at an early stage. The latter
application is particularly useful as the early detection of hemorrhagic stroke can accelerate the
application of an anti-thrombolytic agent, thereby improving the patient's clinical outcome.

[0014] As seen in FIG. 1, the portable MRI system 10 of the present invention generally
includes a magnet assembly 12, a radio frequency ("RF") system 14, and a controller 16. The
controller 16 may include, for example, a pulse sequence system 18, a data acquisition system
20, a data processing system 22, and a control processor 24. The portable MRI system 10
may also include a display 26 for viewing images of the subject 28 obtained with the portable
MRI system 10 and for providing a user interface between the operator and the controller 16.
The portable MRI system 10 does not require gradient coils or high-power gradient amplifiers.
Thus, the RF system 14 and controller 16 may be constructed of small signal electronics an a
small RF power amplifier, all of which can easily fit in the back of an ambulance.

[0015] The magnet assembly 12 generally includes a plurality of permanent magnets 30
arranged in an annular Halbach array. The permanent magnets 30 are held in spaced
arrangement by a support 32 to form the annular Halbach array. By way of example, the
support 32 may be constructed of plastic, fiberglass, or another suitable, preferably non-
magnetic, material. The magnet assembly 12 may also include end-ring permanent magnets
34 arranged at the end of permanent magnets 30 for reducing the fall-off of the magnetic field
at the ends of the magnet assembly 12.

[0016] The magnet assembly 12 may be configured to weigh no more than eighty kilograms,
making it relatively light-weight and portable. Unlike clinical MRI systems, the magnet assembly
12 of the present invention is composed of permanent magnets; thus, it requires no cryogens.
In other configurations of the magnet assembly 12 where a light-weight superconducting
magnet may be used, cryogens may be required. However, because the homogeneity
requirement of the magnetic field can be relaxed, the weight of such a superconducting
magnet is significantly reduced compared to those superconducting magnets used in
conventional clinical MRI systems.

[0017] An example of a magnet assembly 12 that may form a part of the portable MRI system
10 of the present invention is illustrated in FIGS. 2-5. As noted above, the magnet assembly 12
includes a plurality of permanent magnets 30 that are arranged in a Halbach array. A Halbach
array arrangement is preferred because it creates a relatively uniform magnetic field without
the need for a cryostat or power supplies. In some configurations, the magnet assembly 12
may include a light-weight superconducting magnet. The weight of such a magnet can be so
reduced because the magnetic field of the superconducting magnet does not need to be as
homogeneous as in conventional clinical MRI systems. Because of this relaxed homogeneity
requirement, the weight of a superconducting magnet may be reduced significantly enough to
be used in the magnet assembly 12 of the portable MRI system 10.

[0018] The magnet assembly 12 is designed to maximize the average magnetic field strength
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while allowing for small, controlled variations in the magnetic field for spatial encoding.
Simulations such as COMSOL simulations may be used to optimize the magnetic field of the
magnet assembly based on varying one or more parameters. Examples of parameters that
can be varied in the magnet design include the size and quantity of the magnets 30; the size of
the magnet assembly 12; and the addition of smaller rings for end field correction, such as
end-ring magnets 34.

[0019] The permanent magnets 30 are composed of a magnetic material, such as a magnetic
metallic material, a composite magnetic material, or a rare-earth magnetic material. By way of
example, the permanent magnets 30 may be composed of a rare-earth element materials,
such as neodymiume-iron-boron ("NdFeB"). The permanent magnets 30 are preferably shaped
as rods that extend from a proximal end to a distal end along the longitudinal axis of the
magnet assembly. In this instance, each permanent magnet 30 will preferably have a polygonal
cross-section. For example, the cross-section of the permanent magnets 30 may be a square,
rectangle, circle, hexagon, or the like.

[0020] By way of example, the magnet assembly 12 illustrated in FIGS. 2-5 includes rod-
shaped permanent magnets 30 with a square cross-section. To form the Halbach array, each
permanent magnet 30 is rotated about its longitudinal axis relative to other adjacent permanent
magnets 30. For instance, the magnet assembly 12 may include twenty permanent magnets
30, with each permanent magnet rotated relative to adjacent permanent magnets 30. As
illustrated in FIG. 3, this configuration results in a spatially rotating pattern of magnetization,
which, in turn, results in the generation of a magnetic field in the center 36 of the magnet
assembly 12 and the cancellation of the magnetic field near to zero on the exterior of the
magnet assembly 12.

[0021] In this example, each of the twenty permanent magnets 30 is a radially magnetized
NdFeB N42 magnet that is fourteen inches long and one inch-by-one inch square. The
permanent magnets 30 may be placed into sleeves, such as fiberglass sleeves, to constrain
them. The permanent magnets 30 may be forced into such sleeves using a compression jig
and can be epoxied into place. Each of the sleeves may be oriented at the proper angle and
held in place by the support 32. The support 32 may be composed of water-jet cut ABS plastic.
The support 32 may include two end rings and a middle ring. As described above, an
additional loop of one cubic inch end-ring magnets 34 may be arranged at each end of the
permanent magnets 30, as illustrated in FIGS. 6 and 7. The end-ring magnets 34 reduce the
fall-off of the magnet field at the ends of the magnet assembly 12, thereby improving the
uniformity of the magnetic field along the longitudinal axis of the magnet assembly 12.

[0022] Referring now to FIGS. 8 and 9, an example of the in-plane magnetic field profile of the
magnet assembly 12 of the portable MRI system 10 shown in FIG. 2 is illustrated. This
magnetic field is transverse to the longitudinal axis of the magnet assembly 12; thus, when the
portable MRI system 10 is used to image a patient's head, the magnet assembly 12 will
produce a magnetic field with spatial variations suitable for spatial encoding in a plane
perpendicular to the superior-inferior direction, or in oblique planes that are angled with
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respect to the transverse plane. FIG. 8 illustrates the field profile at three different longitudinal
positions along the magnet assembly 12. These positions include the center of the magnet
assembly 12, and four centimeters above and below the center of the magnet assembly 12.
FIG. 9 illustrates the magnetic field profiles for the same magnet assembly 12 at the same
longitudinal positions; however, the magnet field represented in FIG. 9 has been shimmed by
the addition of additional magnets to the magnet assembly 12, such as by end-ring magnets
34.

[0023] The natural inhomogeneities of a magnet assembly 12 constructed in this manner are
largely quadratic and well suited for spatially encoding magnetic resonance signals when
rotated about the object being imaged into different measurement orientations. Moreover, the
magnetic field profile of the magnet assembly 12 produces a central Larmor frequency for
hydrogen protons of 3.3 MHz, which is suitable for imaging. While the homogeneity of the
magnetic field generated by the magnet assembly 12 is well below that of superconducting
magnets, the field shape allows for the inhomogeneities to be used for image encoding.

[0024] The inhomogeneous magnetic field of the magnet assembly 12 serves to polarize the
object to be imaged and to readout magnetic resonance signals. The spatial position the
readout magnetic resonance signals is then encoded by taking multiple measurements with the
magnet assembly 12 rotated to different orientations around the object. For example, the first
acquisition might have the By field oriented transversely from left-to-right through the object.

Then, the acquisition would be repeated with the magnet assembly 12 rotated in ten degree
increments until thirty six different acquisitions, each with a unique magnetic field orientation,
are obtained. The spatial inhomogeneities in the magnetic field generated by the magnet
assembly 12 spatially modulate the magnetic resonance signal phase, thereby providing
spatial encoding of the signals that can be used to reconstruct an image of the object. In this
image reconstruction, detailed prior knowledge about the field profile for every orientation is
used. For instance, image reconstruction is typically performed using an iterative algorithm to
solve for the unknown image given complete knowledge of the encoding matrix.

[0025] The rotation of the magnet assembly 12 is accomplished by way of a rotator that is
coupled to the support 32 of the magnet assembly 12. By way of example, the rotator may
include a gantry coupled to the support 32 or a set of rollers on which the magnet assembly 12
rests and is allowed to roll about its longitudinal axis.

[0026] The spatial localization of magnetic resonance signals can be improved by using an
array of RF receive coils. Information from the RF receive coil array may then be used to
detect the signals in a process analogous to parallel imaging in conventional MRI. During
reconstruction, the spatially varying coil sensitivities are incorporated directly into the encoding
matrix. Further image encoding can also be achieved by limiting the bandwidth of the RF
excitation pulse used. In this case, the excitation is limited to a constrained "onion-shell" of
spatial regions. Still further improved spatial localization can be achieved by using the so-called
"TRASE" method, in which a z-dependent spatial phase is applied using the RF transmit coil or
coils.
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[0027] The challenge with portable MRI systems is how to perform spatial encoding without the
use of switched gradient coils. The present invention provides a system that does not require
gradient coils. The lack of gradient coils offers numerous benefits, including lower power
consumption, reduced complexity, the ability to use low-homogeneity and, therefore, light-
weight permanent or superconducting magnets, and silent operation during imaging. A further
discussion of spatial encoding with the portable MRI system 10 of the present invention is now
provided.

[0028] Transverse encoding is achieved as follows. The Halbach array configuration of the
magnet assembly 12 naturally forms a nonlinear magnetic field whose variation in Larmor
frequency (which varies about 50-100 KHz over the FOV) can be used for spatial encoding.
The approximate shape of the magnetic field generated by the magnet assembly 12 illustrated
in FIG. 2 is a second-order quadrupolar spherical harmonic, similar to a Patloc encoding field,
which is described by J. Hennig, et al., in "Parallel imaging in non-bijective, curvilinear magnetic
field gradients: a concept study,” MAGMA, 2008; 21(1-2): 5-14. To take advantage of these
variations for encoding, the magnet assembly 12 is rotated, either in discrete steps or
continuously, and projections are acquired at each rotation angle. The readout direction is
preferably selected to allow 17 radians of relative phase to evolve between neighboring voxels
near the periphery of the magnet assembly 12. Allowing too much phase to evolve will result in
intravoxel dephasing. Thus, the readout duration is related to the reconstruction resolution
achievable with the portable MRI system 10. To avoid aliasing, the sampling rate during
readout should be set to be at least double the highest absolute spatial frequency occurring in
the imaging field-of-view.

[0029] When the magnet assembly 12 and, thereby, its magnetic field is rotated in discrete
steps, the resulting acquisition similar to that described by G. Schultz, et al., in "Radial imaging
with multipolar magnetic encoding fields," IEEE Trans Med Imaging, 2011; 30(12):2134-2145;
thus, the fast direct reconstruction described by Schultz is applicable to reconstruct images
from k-space data acquired in this manner. It is noted, however, that the formalism described
by Schultz differs in that it assumes perfect quadrupolar fields, whereas the magnet assembly
12 used in the portable MRI system 10 of the present invention may produce some linear and
higher-order components.

[0030] One drawback to encoding with quadratic fields is that there is no encoding ability in the
center of the magnet, where the magnetic fields are spatially flat. To mitigate this, linear terms
can be generated in the magnetic field inhomogeneities. These linear terms can be generated,
for example, by providing to the magnet assembly 12 a second array of permanent magnets in
the next higher Halbach mode, which would form a linear field that could be rotated
independently of the main magnet assembly 12. Note that if a traditional linear gradient term is
applied with a second array of permanent magnets, conventional radial MR encoding can be
used. In this configuration, after excitation, the k-space trajectory is a radial trajectory starting
at isocenter. Application of a 180 pulse reverses the trajectory allowing it to pass thru the origin
of k-space. Data acquisition then includes recording one linear projection per rotated position
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of the linear gradient magnet array.

[0031] Alternately, with no linear terms, the magnetic field can be offset from the isocenter of
the head, so the "encoding hole” moves in a circular arc thru the head as the magnet is
rotated. Rotating an offset field shape will remove the "encoding hole" in the center of the FOV.

[0032] Longitudinal encoding is achieved as follows. In one example, the method known as
transmit array spatial encoding ("TRASE") may be used for longitudinal encoding. TRASE is
described by J.C. Sharp and S.B. King in "MRI using radiofrequency magnetic field phase
gradients,” Magn Reson Med, 2010;63(1):151-161, and by Q. Deng, et al., in "1D RF Phase
Gradient Coil for TRASE RF Imaging,” Proc. ISMRM, 2011; 1813. In the TRASE method, a
linear phase imparted to the magnetization by an RF coil during excitation provides phase
encoding along longitudinal direction. The linear phase is produced, for example, using a spiral
birdcage coil or Maxwell/Helmholtz pairs to achieve the requisite 180 degree phase shift over
the desired field-of-view. This linear phase can be defined as follows,

Bl=|Bl|ei¢1(r)=27rkl-r=Gl-r (1).

[0033] This linear phase variation along the longitudinal direction imparts a k-space shift during
RF excitation which does not depend on RF pulse shape. This requires a conventional
constant-phase coil, or an array of coils, to be used for signal reception. If the same coil is
used for transmit and receive, no net phase encoding is performed. Alternately 180 degree
pulses can be applied with one coil and a second coil can be used to observe the spin
refocusing in between 180 degree pulses, as in a normal echo train.

[0034] The TRASE method has synergy with the aforementioned transverse encoding in
general because trains of multiple echoes will be required at each array rotation angle to
obtain sufficient SNR. These same 180 degree pulses could be used for slice selection via
TRASE encoding.

[0035] An alternative longitudinal encoding strategy is to use RF pulses with quadratic phase
to isolate signals coming from the "vertex" of a parabola of RF-induced phase modulation, as
described by J.G. Pipe in "Spatial encoding and reconstruction in MRI with quadratic phase
profiles,” Magn. Reson. Med., 1995; 33(1):24-33, and by R. Chamberlain, et al., in "RASER: a
new ultrafast magnetic resonance imaging method,” Magn. Reson. Med., 2007; 58(4):794-799.
In the presence of a magnetic field gradient, the vertex of the parabola can be translated in a
given direction. Away from the vertex, spins are dephased and contribute minimally to the
acquired signal.

[0036] Another alternative method for longitudinal encoding is to use the natural variations of
the magnetic field of the magnet assembly 12 along its longitudinal axis. The object being
imaged can be excited with a hard pulse and frequency isocontours can be disambiguated in
three dimensions, with additional spatial encoding provided by the surface coils in the receive
array.
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[0037] RF excitation in the portable MRI system 10 of the present invention is complicated by
the fact that most spins are significantly off-resonance at all times, including while the RF
transmit pulse is being played. To avoid phase and flip angle variation due to off-resonant spin
precession during the RF pulse, the duration of the RF pulse should be set so as to achieve a
sufficiently wide-band excitation. If the duration of the RF pulse must be longer due to limited
available RF power, composite pulses can be designed to produce the same excitation phase
for all frequencies across the object. An alternative approach is to use a suboptimal RF pulse
and then incorporate the resulting spatially-varying phase into the encoding matrix during
reconstruction.

[0038] A portable MRI system has been provided. The magnet assembly of the portable MRI
system achieves reasonable homogeneity, but also provides inhomogeneities that are used to
enable spatial encoding of magnetic resonance signals without the need for a gradient coil
system. The portable MRI system can be constructed to weigh on the order of 45-80 kilograms
and requires no power to maintain a magnetic field. In addition, the cost of building such a
portable MRI system was only a few thousand dollars, making it a far less expensive
alternative to traditional MRI systems. The accessibility of this portable MRI system has the
potential to offer basic head trauma and hemorrhaging detection to a broad range of
applications.

[0039] The present invention has been described in terms of one or more preferred
embodiments, and it should be appreciated that many equivalents, alternatives, variations, and
modifications, aside from those expressly stated, are possible and within the scope of the
invention.
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PATENTIKRAYV
1. Transportabelt magnetisk resonans-afbildnings-("MRI”)-system (10), omfattende:
et magnetaggregat (12) omfattende:
en flerhed af permanente magneter (30) som hver streekker sig fra en prok-
simal ende til en distal ende langs en langsgdende akse af magnetaggregatet (12);
en stgtte (32) konfigureret til at holde flerheden af permanente magneter
(30) i et ringformet arrangement for at definere et omrade konfigureret til at modtage et
emne som skal afbilledes, og sdledes at de permanente magneter (30) genererer et mag-
netfelt som indbefatter rumlige inhomogeniteter med en kendt profil i et plan som er tvaer-
gaende til den langsgdende akse af magnetaggregatet (12);
en rotationsindretning forbundet til magnetaggregatet (12) og konfigureret til at ro-
tere magnetaggregatet (12) omkring dets langsgdende akse gennem en flerhed af forskel-
lige rotationsvinkler;
en radiofrekvens-(RF)-spole til at generere RF-energi og modtage magnetisk reso-
nans-signaler fra et emne placeret i magnetaggregatet (12); og
en styreindretning (16) konfigureret til:
at anvise rotationsindretningen til at rotere magnetaggregatet (12) gennem
flerheden af forskellige rotationsvinkler og til at anvise RF-spolen til at generere RF-energi
0g modtage modsvarende magnetisk resonans-signaler ved hver rotationsvinkel for at op-
na afbildningsdata ved at udlaese magnetisk resonans-signaler mens magnetaggregatet
(12) er ved hver af flerheden af forskellige rotationsvinkler, hvor fasen af magnetisk reso-
nans-signaler moduleres ved de rumlige inhomogeniteter af magnetfeltet hvorved rumlig
kodning af magnetisk resonans-signaler tilvejebringes; og
at rekonstruere et billede af emnet ved anvendelse af magnetisk resonans-
signalerne og viden om profilen af det inhomogene magnetfelt.

2. Transportabelt MRI-system (10) ifglge krav 1 i hvilket stgtten (32) er konfigureret
til at holde flerheden af permanente magneter (30) i et ringformet Halbach-array-

arrangement.

3. Transportabelt MRI-system (10) ifglge krav 1 i hvilket:

magnetaggregatet (12) yderligere omfatter en flerhed af enderingsmagneter (34);
og

stgtten (32) er konfigureret til at holde flerheden af enderingsmagneter (34) i et
ringformet arrangement som er koaksialt med det ringformede arrangement af flerheden
af permanente magneter (30) sadledes at magnetfelter genereret af flerheden af ende-
ringsmagneter (34), styrer en ensartethed af magnetfeltet genereret af flerheden af per-
manente magneter (30) langs den langsgaende akse af magnetaggregatet (12).

4, Transportabelt MRI-system (10) ifglge krav 3 i hvilket stetten (32) er konfigureret
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saledes at flerheden af enderingsmagneter (34) er beliggende ved mindst én af den prok-
simale ende af flerheden af permanente magneter (30) og den distale ende af flerheden af
permanente magneter (30) for at reducere aftagning i magnetfeltet genereret af flerheden
af permanente magneter (30) ved mindst én af den proksimale ende af flerheden af per-
manente magneter (30) og den distale ende af flerheden af permanente magneter (30).

5. Transportabelt MRI-system (10) ifglge krav 1 i hvilket RF-spolen er konfigureret til
at generere et RF-felt hvis fase varierer linezert langs den langsgdende akse af magnetag-
gregatet (12).

6. Transportabelt MRI-system (10) ifglge krav 1 i hvilket RF-spolen er konfigureret til
at rumligt kode magnetisk resonans-signaler ved anvendelse af RF-excitation med en fase
som varierer i rummet langs den langsgaende akse af magnetaggregatet (12) uafhaengigt
af rumlig kodning af magnetaggregatet (12).

7. Transportabelt MRI-system (10) ifglge krav 1 i hvilket magnetaggregatet (12) er
konfigureret sdledes at flerheden af permanente magneter (30) genererer et magnetfelt
som varierer langs den langsgaende akse af magnetaggregatet (12).

8. Transportabelt MRI-system (10) ifglge krav 1 i hvilket magnetaggregatet (12)
yderligere omfatter:

en gvrig flerhed af permanente magneter som hver straekker sig fra en proksimal
ende til en distal ende langs den langsgaende akse af magnetaggregatet (12);

en gvrig stgtte som er konfigureret til at holde den gvrige flerhed af permanente
magneter i et ringformet arrangement som er koaksialt med det ringformede arrangement
af flerheden af permanente magneter (30), saledes at den gvrige flerhed af permanente
magneter genererer et magnetfelt som har en amplitude som varierer linezert i planet som
er tvaergdende til den langsgdende akse af magnetaggregatet (12), som forstaerker mag-
netfeltet genereret af flerheden af permanente magneter (30).

9. Transportabelt MRI-system (10) ifglge krav 8 i hvilket den gvrige stotte er konfi-
gureret til at rotere uafhangigt af stgtten (32) og yderligere omfattende en @gvrig rotati-
onsindretning forbundet til den gvrige stotte og konfigureret til at rotere den gvrige flerhed
af permanente magneter omkring den langsgdende akse af magnetaksen gennem en fler-
hed af forskellige rotationsvinkler.

10. Transportabelt MRI-system (10) ifglge krav 1 i hvilket hver af flerheden af per-
manente magneter (30) har et polygonalt tveersnit.

11. Fremgangsmade til at opna magnetisk resonans-afbildningsdata ved anvendelse



10

15

20

25

30

DK/EP 2861136 T3

af et ringformet array af permanente magneter, omfattende:

a) at arrangere et emne inden i et magnetfelt som indbefatter rumlige inhomogenite-
ter med en kendt profil;

b) at generere et radiofrekvens-(RF)-felt til emnet for at excitere spin inden i emnet;

¢) at modtage magnetisk resonans-signaler modsvarende til det genererede RF-felt
fra emnet;

d) at rotere det inhomogene magnetfelt omkring emnet til en forskellig rotationsvin-
kel ved at rotere det ringformede array af permanente magneter fra hvilket det inhomoge-
ne magnetfelt stammer for at generere moduleringer i en fase af magnetisk resonans-
signalerne modtaget fra emnet ved de rumlige inhomogeniteter af magnetfeltet og derved
tilvejebringe rumlig kodning af magnetisk resonans-signaler;

e) at gentage trin b) til og med d) en flerhed af gange for at modtage magnetisk re-
sonans-signaler fra emnet med en flerhed af forskellige rotationsvinkler; og

f) at rekonstruere et billede af emnet ved anvendelse af de modtagne magnetisk re-
sonans-signaler og viden omkring profilen af det inhomogene magnetfelt.

12. Fremgangsmade ifglge krav 11 i hvilken trin d) indbefatter at rotere det ringfor-
mede array af permanente magneter gennem diskrete trin af forskellige rotationsvinkler
for at rotere det inhomogene magnetfelt.

13. Fremgangsmade ifglge krav 11 i hvilken trin d) indbefatter kontinuerligt at rotere
det ringformede array af permanente magneter gennem flerheden af forskellige rotations-
vinkler for at rotere det inhomogene magnetfelt.

14. Fremgangsmade ifslge krav 11 i hvilken det inhomogene magnetfelt genereres
af det ringformede magnetaggregat (12) som straekker sig fra en proksimal ende til en
distal ende langs en langsgaende akse, og hvor at arrangere emnet inden i det inhomoge-
ne magnetfelt i trin a) indbefatter at positionere emnet inden i det ringformede magnetag-
gregat saledes at et isocenter af emnet er forskudt fra den langsgdende akse af det ring-
formet magnetaggregat.
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