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(57) Abstract: A method for operating a magnetic resonance imaging (MRI) system that includes: accessing data indicating a first
region for imaging a portion of a subject, the portion being placed in a main magnet of the MRI system and the main magnet gener-
ating a magnetic field; selecting, from a group of available shimming coils, a first subset of shimming coils arranged and configured
such that, when the shimming coils in the first subset are driven, a homogeneity of the magnetic field at the first region is increased;
and driving the shimming coils in the selected first subset of shimming coils without driving other shimming coils in the group of
available shimming coils such that the homogeneity of the magnetic field at the first region increases relative to the homogeneity of
the magnetic field at the first region when the shimming coils of the selected first subset are not driven.
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SHIMMING COILS FOR MAGNETIC RESONANCE IMAGING

BACKGROUND

The present disclosure relates to magnetic resonance imaging.

SUMMARY
In one aspect, some implementations provide a method for operating a
magnetic resonance imaging (MRI) system, the method including: accessing
data indicating a first region for imaging at least a portion of a subject, the
10  portion being placed in a main magnet of the MRI system and the main
magnet generating a substantially uniform magnetic field; based on the
accessed data, selecting, by a control unit associated with the MRI| system
and from a group of available shimming coils, a first subset of shimming coils
that are arranged and configured such that, when the shimming coils in the
15  first subset are driven, a homogeneity of the magnetic field at the first region
is increased; and driving the shimming coils in the selected first subset of
shimming coils without driving other shimming coils in the group of available
shimming coils such that the homogeneity of the magnetic field at the first
region increases relative to the homogeneity of the magnetic field at the first
20  region when the shimming coils of the selected first subset are not driven.
Implementations may include one or more of the following features.
The method may further include: determining, by the control unit, respective
weights to be applied to the shimming coils in the selected first set of
shimming coils. Driving the shimming coils in the selected first subset of

25 shimming coils may further include: generating an electrical current for each
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of the shimming coils in the selected first subset of shimming coils, wherein
the electrical current for each shimming coil in the selected first subset is
proportional to the respective weight for the shimming coil; and distributing the
generated electrical currents to the shimming coils in the selected first subset.

Driving the shimming coils in the selected first subset of shimming coils
may include simultaneously driving the shimming coils in the selected first
subset of shimming coils. Driving the shimming coils in the selected first
subset of shimming coils may include: connecting a group of power amplifiers
to the selected first subset of shimming coils, wherein the number of power
amplifiers in the group is less than the number of shimming coils in the group
of available shimming coils. Connecting the group of power amplifiers may
include: connecting the group of power amplifiers to the selected first subset
of shimming coils such that each power ampilifier in the group of power
amplifiers is connected to a respective one of the shimming coils in the
selected first subset of shimming coils. Connecting the group of power
amplifiers may include connecting the group of power amplifiers to the
selected first subset of shimming coils such that each power amplifier in the
group of power amplifiers is connected to more than one respective shimming
coil.

The method may further include accessing data indicating a second
region for imaging another portion of the subject, the second region being
different from the first region; based on the accessed data indicating the
second region, selecting, by a control unit associated with the MRI system
and from a group of available shimming coils, a second subset of shimming

coils that are arranged and configured such that, when the shimming coils in
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the second subset are driven, a homogeneity of the magnetic field at the
second region of interest is increased, the selected second subset differing
from the selected first subset by at least one shimming coil; and driving the
shimming coils in the selected second subset of shimming coils without
driving other shimming coils in the group of available shimming coils such that
the homogeneity of the magnetic field at the second region increases relative
to the homogeneity of the magnetic field at the second region when the
shimming coils of the selected second subset are not driven.

Driving the selected first subset of shimming coils may include
connecting a group of power amplifiers to the selected first subset of
shimming coils, wherein the number of power amplifiers in the group is less
than the number of shimming coils in the group of available shimming coils;
and driving the shimming coils of the second subset of shimming coils may
include: disconnecting the group of power amplifiers from the selected first
subset of shimming coils; and after disconnecting the group of power
amplifiers from the selected first subset of shimming coils, connecting the
group of power amplifiers to the selected second subset of shimming coils.

In another aspect, some implementations provide a magnetic
resonance imaging (MRI) system, including: a housing having a bore in which
a subject to be imaged is placed; a main magnet accommodated by said
housing and configured to generate a substantially uniform magnet field within
the bore; a group of available shimming coils placed around said housing and
configured to increase a homogeneity of the magnetic field; pulse generating
coils to generate and apply radio frequency (RF) pulses in sequence to scan

the subject; gradient coils to provide perturbations to the substantially uniform



WO 2016/162734 PCT/IB2015/052628

10

15

20

25

magnet field that encode MRI signals acquired in response to the applied RF
pulses; a control unit coupled to the main magnet and configured to: access
data indicating a first region for imaging at least a portion of a subject; based
on the accessed information, select, from the group of available shimming
coils, a first subset of shimming coils that are arranged and configured such
that, when the shimming coils in the first subset are driven, a homogeneity of
the magnetic field at the first region is increased; and cause the shimming
coils in the selected first subset of shimming coils to be driven without other
shimming coils in the group of available shimming coils being driven such that
the homogeneity of the magnetic field at the first region increases relative to
the homogeneity of the magnetic field at the first region when the shimming
coils of the selected first subset are not driven.

Implementations may include one or more of the following features.
The control unit may be further configured to: determine respective weights to
be applied to the shimming coils in the selected first subset of shimming coils.
The MRI system may further include: a group of power amplifiers, wherein the
number of power amplifiers is less than the number of shimming coils in the
group of available shimming coils. Each power amplifier may be configured
to: generate an electrical current for each of the shimming coils in the selected
first subset of shimming coils in accordance with the determined respective
weight. Each power amplifier may be connected to a respective shimming
coil. Each power amplifier may be connected to more than one shimming
coils. Each shimming coil may be configured to: apply a field correction to the
magnetic field in accordance with a particular order basis function. The

particular order basis function may be a spherical harmonic function. The
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selected first subset of shimming coils may correspond to a group of basis
functions and wherein more than one order basis functions may be blended
according to the respective determined weights.

The control unit may be further configured to: access data indicating a
second region for imaging a portion of the subject placed in the bore; based
on the accessed data indicating the second region, selecting, from a group of
available shimming coils, a second subset of shimming coils that are arranged
and configured such that, when the shimming coils in the selected second
subset are driven, a homogeneity of the magnetic field at the second region is
increased, the selected second subset differing from the first subset by at
least one shimming coil, and cause each shimming coil of the selected
second subset of shimming coils to be driven without other shimming coils in
the group of available shimming coils being driven such that the homogeneity
of the magnetic field at the second region increases relative to the
homogeneity of the magnetic field at the second region when the shimming
coils of the selected second subset are not driven.

The control unit may be further configured to: cause the shimming coils
in the selected first subset of shimming coils to be driven comprises: causing
a group of power amplifiers to be connected to the selected first subset of
shimming coils; and cause the shimming coils in the selected second subset
of shimming coils to be driven comprises: causing the group of power
amplifiers to be disconnected from the selected first subset of power
amplifiers; and after the group of power amplifiers are disconnected from the
shimming coils of the selected first subset, causing the group of power

amplifiers to be connected to the selected second subset of shimming coils.
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The details of one or more aspects of the subject matter described in
this specification are set forth in the accompanying drawings and the
description below. Other features, aspects, and advantages of the subject
matter will become apparent from the description, the drawings, and the

5 claims.
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example only, with
reference to the drawings, in which:

Figs. 1A-1B show an example of a magnetic resonance imaging (MRI)

10  system with a solenoid magnet where shim coils are provided.

Fig. 2A illustrates a 3D view of an example of a 16-channel shimming
coil array.

Fig. 2B illustrates a side view of the example of the 16-channel
shimming coil array.

15 Fig. 2C illustrates an example of using a subset of the 16-channel
shimming coil array.

Figs. 3A-3C show various aspects of an example of a process for
operating shimming coils.

Like reference symbols in the various drawings indicate like elements.

20
DETAILED DESCRIPTION

Various embodiments and aspects of the disclosure will be described
with reference to details discussed below. The following description and
drawings are illustrative of the disclosure and are not to be construed as

25 limiting the disclosure. Numerous specific details are described to provide a
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thorough understanding of various embodiments of the present disclosure.
However, in certain instances, well-known or conventional details are not
described in order to provide a concise discussion of embodiments of the
present disclosure.

According to selected embodiments of the present disclosure,
magnetic resonance imaging systems and devices are provided in which an
array of shimming coils are arranged, for example, within the sidewalls of a
solenoid magnet. In some instances, a subset of the available shimming coils
are selected so that a group of power amplifiers specifically drive the selected
subset of shimming coils to effectuate an improvement in field homogeneity in
a particular region of interest. In later instances, a different subset of the
available shimming coils are selected. Yet the same group of power
amplifiers drive this different subset of shimming coils to increase field
homogeneity within a different region of interest. While driving a particular
subset of shimming coils, contributions from each power amplifier may be
weighted different to achieve a desired field homogeneity improvement. The
weighting varies, depending on, for example, the size of the subset of
shimming coils chosen and the particular region of interest chosen.

By dynamically connecting one group of power amplifiers to shimming
coils selected on demand, the shimming effect can be tailored specifically to
increase field homogeneity within a particular region of interest. The
approach can generate marked improvement of using all available shimming
coils to increase field homogeneity within the particular field of interest. By
reusing the same power amplifiers for different subsets of shimming coils, the

approach may lead to a reduction in the number of power amplifiers being
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used for shimming purposes and hence reduced hardware cost.

Figs. 1A-1B show a perspective view and a cross-sectional view of an
example of a magnetic resonance imaging (MRI) system 100 in which a
solenoid magnet 105 is provided in a cylindrical shape with an inner bore 101.
Coil assembly 107, including transmit coil 106 and gradient coil 104, is
provided within solenoid magnet 105. Coil assembly 107 may generally be
shaped as an annular structure and housed within the inner bore of solenoid
magnet 105. In some implementations, annular coil assembly 107 only
includes gradient coil 104. In these implementations, annular coil assembly
does not include transmit coil 106 or any receiver coil. For these
implementations, radio-frequency (RF) signals are, for example, transmitted
by local coils for imaging the head region 102 of patient 103. In one instance,
a head coil in a birdcage configuration is used for both transmitting and
receiving RF signals for imaging the subject. In another instance, a surface
coil is used for transmitting an RF signal into the subject and a phased array
coil configuration is used for receiving MR signals in response. The
embodiments provided herein may be adapted for intraoperative MRI, and
MRI systems for use in an emergency room setting.

In some implementations, shimming coils 109 are housed within the
cylindrical walls of solenoid magnet 105. Shimming coils 109 are powered by
a group of power amplifiers. For example, power amplifiers 110A and 110B,
housed in a control room may be connected to shimming coils 109 to provide
shimming of the magnetic field within inner bore 101. In driving shimming
coils 109, power amplifiers 110A and 110B may be controlled by control unit

111. Control unit 111 generally includes one or more processors as well as
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programming logic to configure the power amplifier 110A and 110B. In some
instances, control unit 111 is housed in a control room separate from the
solenoid magnet 105 of the MRI system 100. In these implementations, an
array of shimming coils can be used to provide adjustment to the field strength
within the inner bore 101 such that the magnet field within the inner bore 101
becomes more homogenous, as explained in more detail below.

Fig. 2A illustrates a 3D view of an example of a 16-channel shimming
coil array 200. In this configuration, the 16 shimming coils are distributed on a
spherical surface at locations chosen to effectuate homogeneity improvement
in all three spatial dimensions. Fig. 2B illustrates a side view of the 16-
channel shimming coil array 200. This side view reveals only 8 of the 16
shimming coils located on the viewing side. Namely, these eight coils are
annotated as coils 202A to 202H. Each shimming coil can be driven by a
power amplifier with a particular current. Generally, each shimming coil may
provide shimming for field adjustment as defined by a particular order of a
spatial harmonic function, for example, the spherical harmonics. By virtue of
spatial symmetries in the spatial harmonics functions, in some instances, to
shim a particular region encompassed by the sphere, some shimming coils
from the 16 shimming coils can be driven with the same current.

Fig. 2C illustrates an example of using a subset of the 16-channel
shimming coil array 200 to focus on active shimming of a particular region of
interest 210. Here, the region of interest 210 is within a gray area as
illustrated. To shim the magnetic field within this region 210, a subset of the
16-channel shimming coil array 200, namely, shimming coils 202C, 202D,

202G, and 202H may be employed, for example, as highlighted in bold in Fig.
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2C. In other words, shimming coils 202C, 202D, 202G, and 202H are
dynamically connected to power amplifiers upon selection. This selection of
the subset of shimming coils leaves the unselected shimming coils, namely,
coils 202A, 202B, 202E, and 202F, as inactive coils. Coils 202A, 202B, 202E,
5 and 202F are not connected to power amplifiers during shimming when they

are not selected. This selection approach allows the shimming protocol to
focus on using a subset of shimming coils. In some instances, the subset of
shimming coils can be selected based on their proximity to the region of
interest in which the magnetic field is to be shimmed. In other instances, the

10  subset of shimming coils can be selected according to the corresponding
spatial harmonic functions they can generate for shimming the magnetic field
at the desired region of interest. For example, the four most significant orders
of spatial harmonics may be chosen to effectuate shimming, and these four
spatial harmonics can correspond to four particular shimming coils. By

15  combining the four spatial harmonics with corresponding weights, shimming
contributions from the four spatial harmonics can be blended. The
corresponding weights for the spatial harmonics can be determined such that
the combination yields the desired shimming effects at the ROI. Notably, a
spherical arrangement of shimming coils is one implementation. In other

20 implementations, shimming coils can be shaped and arranged on a cylindrical
surface, for example, a surface of the cylindrical structure of solenoid magnet
105. Such arrangement may be known as a cylindrical configuration. While
the above illustration provides an example of using shimming coils 202C,
202D, 202G, and 202H to increase field homogeneity within region 210, a

25 different subset of shimming coils may be used to increase field homogeneity

10
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within a different region of interest. More details of the shimming procedure
are discussed below.
Fig. 3A-3C show aspects of an example of a flow chart 300 for
operating the shimming coils of MRI system 100. When the process flow
5 initiates (302), data indicating a region of interest (ROI) within a magnetic field
may be accessed (304). In one instance, data indicating a region of interest
can be, for example, stored in data memory of a control unit 111 associated
with the MRI system 100 and the stored data may be accessed during the
shimming session. The coordinates of a region of interest can also be
10 determined based on an operator selecting a particular region of interest, for
example, based on a scout scan of head 102 of patient in the inner bore 101.
The selected region of interest can be translated into physical coordinate
within the inner bore 101 by a control unit 111 of MRI system 100.
Next, the control unit 111 determines whether shimming is required
15  (306). In some instances, the determination may be made based on an input
from an operator of MRI system 100. Other instances may incorporate an
auto shimming aspect. To quantify a baseline quality of field homogeneity,
some implementations may measure, for example, the spectral width of the
free induction decay (FID) from the region of interest. If the spectral width of
20 the FID signal is satisfactorily narrow for the desired imaging application, the
imaging protocol may continue without shimming (308). Otherwise, shimming
may be performed, as discussed in more detail below.
When shimming is required, the controller 111 selects, based on the
accessed data a first subset of shimming coils from the group of available

25 shimming coils. The first subset of shimming coils are arranged and

11
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configured such that, when the shimming coils in the first subset are driven, a
homogeneity of the magnetic field at the first region is increased. For
instance, in the above example of an operator selecting a region of interest,
based on the selected region of interest, physical coordinates within the inner
bore 101 that correspond to the selected ROI can be determined by a control
unit 111 of MRI system 100. The physical coordinates allow the control unit to
select the first subset of shimming coils from the available shimming coils for
performing shimming of the magnetic field within the selected ROI (310). As
noted above, the selected shimming coils, may then be driven by power
amplifiers (without driving the other shimming coils) to generate a correction
field such that field homogeneity within the selected ROI increases relative to
the homogeneity within the selected ROI when the selected shimming coils
are not driven (312).

In some implementations, the specific weight to be applied at shimming
coils in the selected subset of shimming coils can be determined (314). In
these implementations, electrical current can then be generated by power
amplifiers for each of the shimming coils in the selected subset of shimming
coils (316). The generated electrical currents are proportional to the weights
determined for each shimming coil. Thereafter, the power amplifiers may
distribute the generated electrical currents to each shimming coil (318).

In some implementations, driving each shimming coil in the selected
subset of shimming coils include dynamically connecting a group of power
amplifiers to the selected subset of shimming coils (320). In some
configurations, each power amplifier in the group of power amplifiers is

connected to a respective one of the shimming coils in the selected subset of

12
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shimming coils (322). In other configurations, each power amplifier in the
group of power amplifiers is connected to more than one respective shimming
coil (324). In these configurations, the number of power amplifiers may be
less than the number of available shimming coils. Thus, a subset of available
shimming coils may be dynamically connected on demand for a particular
shimming session. During the particular shimming session, the subset of
shimming coils dynamically connected to the power amplifiers may be driven
simultaneously. Driving the shimming coils in the subset of shimming coils
without driving other shimming coils in the group of available shimming coils
but not in the subset renders the magnetic field at the region of interest more
homogenous.

In some implementations, data indicating a new and different region of
interest may accessed, leading to a new shimming session for the magnetic
field within corresponding physical coordinates inside the inner bore 101. For
example, data indicating the new region of interest can be, for example, in
data memory of a control unit 111 associated with the MRI system 100 and
then accessed during the new shimming session. The coordinate of new
region of interest can be determined based on an operator selecting the new
region of interest. The newly selected region of interest can be translated into
physical coordinate within the inner bore 101 by a control unit 111 of MRI
system 100. The new shimming session can be performed using a new and
different subset of shimming coils while using the same power amplifiers. The
new subset of shimming coils may be better tailored to effectuate shimming in
the new region of interest than the earlier subset. In more detail, driving the

shimming coils in the new subset includes disconnecting the group of power

13
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amplifiers from the earlier subset of shimming coils, and thereafter connecting
the same group of power amplifiers to shimming coils in the new subset. By
re-using the same power amplifiers, hardware power amplifiers can be
leveraged for various shimming coils tailored for specific regions of interest.

As used herein, the terms “comprises” and “comprising” are to be
construed as being inclusive and open ended, and not exclusive. Specifically,
when used in the specification and claims, the terms “comprises” and
“‘comprising” and variations thereof mean the specified features, steps or
components are included. These terms are not to be interpreted to exclude
the presence of other features, steps or components.

As used herein, the term “exemplary” means “serving as an example,
instance, or illustration,” and should not be construed as preferred or
advantageous over other configurations disclosed herein.

As used herein, the terms “about” and “approximately” are meant to
cover variations that may exist in the upper and lower limits of the ranges of
values, such as variations in properties, parameters, and dimensions. In one
non-limiting example, the terms “about” and “approximately” mean plus or
minus 10 percent or less.

The specific embodiments described above have been shown by way
of example, and it should be understood that these embodiments may be
susceptible to various modifications and alternative forms. It should be further
understood that the claims are not intended to be limited to the particular
forms disclosed, but rather to cover all modifications, equivalents, and

alternatives falling within the spirit and scope of this disclosure.

14
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WHAT IS CLAIMED IS:

1. A method for operating a magnetic resonance imaging (MRI) system,
the method comprising:

accessing data indicating a first region for imaging at least a portion of
a subject, the portion being placed in a main magnet of the MRI system and
the main magnet generating a substantially uniform magnetic field,

based on the accessed data, selecting, by a control unit associated
with the MRI system and from a group of available shimming coils, a first
subset of shimming coils that are arranged and configured such that, when
the shimming coils in the first subset are driven, a homogeneity of the
magnetic field at the first region is increased; and

driving the shimming coils in the selected first subset of shimming coils
without driving other shimming coils in the group of available shimming coils
such that the homogeneity of the magnetic field at the first region increases
relative to the homogeneity of the magnetic field at the first region when the

shimming coils of the selected first subset are not driven.

2. The method of claim 1, further comprising:

determining, by the control unit, respective weights to be applied to the

shimming coils in the selected first set of shimming coils.

3. The method of claim 2, wherein driving the shimming coils in the

selected first subset of shimming coils comprises:

15
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generating an electrical current for each of the shimming coils in the
selected first subset of shimming coils, wherein the electrical current for each
shimming coil in the selected first subset is proportional to the respective
weight for the shimming coil, and

distributing the generated electrical currents to the shimming coils in

the selected first subset.

4 The method of claim 1, wherein driving the shimming coils in the
selected first subset of shimming coils comprises simultaneously driving the

shimming coils in the selected first subset of shimming coils.

5. The method of claim 1, wherein driving the shimming coils in the
selected first subset of shimming coils comprises:

connecting a group of power amplifiers to the selected first subset of
shimming coils, wherein the number of power amplifiers in the group is less

than the number of shimming coils in the group of available shimming coils.

6. The method of claim 5, wherein connecting the group of power
amplifiers comprises:

connecting the group of power amplifiers to the selected first subset of
shimming coils such that each power amplifier in the group of power
amplifiers is connected to a respective one of the shimming coils in the

selected first subset of shimming coils.

16
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7. The method of claim 5, wherein connecting the group of power
amplifiers comprises:

connecting the group of power amplifiers to the selected first subset of
shimming coils such that each power amplifier in the group of power

amplifiers is connected to more than one respective shimming coil.

8. The method of claim 1, further comprising:

accessing data indicating a second region for imaging another portion
of the subject, the second region being different from the first region;

based on the accessed data indicating the second region, selecting, by
a control unit associated with the MRI system and from a group of available
shimming coils, a second subset of shimming coils that are arranged and
configured such that, when the shimming coils in the second subset are
driven, a homogeneity of the magnetic field at the second region of interest is
increased, the selected second subset differing from the selected first subset
by at least one shimming coil, and

driving the shimming coils in the selected second subset of shimming
coils without driving other shimming coils in the group of available shimming
coils such that the homogeneity of the magnetic field at the second region
increases relative to the homogeneity of the magnetic field at the second

region when the shimming coils of the selected second subset are not driven.

9. The method of claim 8, wherein:

driving the selected first subset of shimming coils comprises

connecting a group of power amplifiers to the selected first subset of

17
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shimming coils, wherein the number of power amplifiers in the group is less
than the number of shimming coils in the group of available shimming coils;
and
driving the shimming coils of the second subset of shimming coils
comprises:
disconnecting the group of power amplifiers from the selected
first subset of shimming coils; and
after disconnecting the group of power amplifiers from the
selected first subset of shimming coils, connecting the group of power

amplifiers to the selected second subset of shimming coils.

10. A magnetic resonance imaging (MRI) system, comprising:

a housing having a bore in which a subject to be imaged is placed;

a main magnet accommodated by said housing and configured to
generate a substantially uniform magnet field within the bore;

a group of available shimming coils placed around said housing and
configured to increase a homogeneity of the magnetic field;

pulse generating coils to generate and apply radio frequency (RF)
pulses in sequence to scan the subject;

gradient coils to provide perturbations to the substantially uniform
magnet field that encode MRI signals acquired in response to the applied RF
pulses;

a control unit coupled to the main magnet and configured to:

access data indicating a first region for imaging at least a portion

of a subject;
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based on the accessed information, select, from the group of
available shimming coils, a first subset of shimming coils that are
arranged and configured such that, when the shimming coils in the first
subset are driven, a homogeneity of the magnetic field at the first
region is increased; and

cause the shimming coils in the selected first subset of
shimming coils to be driven without other shimming coils in the group of
available shimming coils being driven such that the homogeneity of the
magnetic field at the first region increases relative to the homogeneity
of the magnetic field at the first region when the shimming coils of the

selected first subset are not driven.

11.  The MRI system of claim 10, wherein the control unit is further
configured to:
determine respective weights to be applied to the shimming coils in the

selected first subset of shimming coils.

12. The MRI system of claim 11, further comprising:
a group of power amplifiers, wherein the number of power amplifiers is
less than the number of shimming coils in the group of available shimming

coils.

13. The MRI system of claim 12, wherein each power amplifier is

configured to:
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generate an electrical current for each of the shimming coils in the
selected first subset of shimming coils in accordance with the determined

respective weight.

14.  The MRI system of claim 12, wherein each power amplifier is

connected to a respective shimming coil.

15. The MRI system of claim 12, wherein each power amplifier is

connected to more than one shimming coils.

16. The MRI system of claim 11, wherein each shimming coil is configured
to:
apply a field correction to the magnetic field in accordance with a

particular order basis function.

17.  The MRI system of claim 16, wherein the particular order basis

function is a spherical harmonic function.

18.  The MRI system of claim 11, wherein the selected first subset of
shimming coils correspond to a group of basis functions and wherein more
than one order basis functions are blended according to the respective

determined weights.
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19.  The MRI system of claim 10, wherein the control unit is further
configured to:

access data indicating a second region for imaging a portion of the
subject placed in the bore;

based on the accessed data indicating the second region, selecting,
from a group of available shimming coils, a second subset of shimming coils
that are arranged and configured such that, when the shimming coils in the
selected second subset are driven, a homogeneity of the magnetic field at the
second region is increased, the selected second subset differing from the first
subset by at least one shimming coil; and

cause each shimming coil of the selected second subset of shimming
coils to be driven without other shimming coils in the group of available
shimming coils being driven such that the homogeneity of the magnetic field
at the second region increases relative to the homogeneity of the magnetic
field at the second region when the shimming coils of the selected second

subset are not driven.

20.  The MRI system of claim 19, wherein the control unit is further
configured to:

cause the shimming coils in the selected first subset of shimming coils
to be driven comprises: causing a group of power amplifiers to be connected
to the selected first subset of shimming coils; and

cause the shimming coils in the selected second subset of shimming

coils to be driven comprises:
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causing the group of power amplifiers to be disconnected from
the selected first subset of power amplifiers; and
after the group of power amplifiers are disconnected from the
shimming coils of the selected first subset, causing the group of power
5 amplifiers to be connected to the selected second subset of shimming

coils.
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