INTRODUCTION

As for any novel technology that has been proven invaluable, especially in a field as sensitive as
healthcare, a lot of follow-up research is focused mostly on improving the quality of measurements of
such devices. This resulted in conventional MRl machines becoming incredibly expensive to house and
operate. Due to these high expenses, about 70% of the world’s population does not have access to this
technology [5], meaning it has become of great importance to start looking at designing adequate MRI
machines at a significantly reduced cost using less intense magnetic fields. In this research, a closer
look will therefore be taken at the feasibility of using a set of radially distributed gradient coils around
a cylinder to generate linear gradient fields in the x-, y- and z- directions, and effectively alter a given
main field to improve homogeneity and vary the total field strength. This system will help enable
obtaining useful images using affordable permanent magnets for the main magnetic field, whilst also
being able to provide highly customizable gradient fields, allowing for more intricate MRI techniques
to be employed in the future at a low cost.

METHODS

The gradient coils must be able to generate magnetic fields in any profile desirable. This means one has
to let go of the customary x-, y-, z- arrangement gradient coils, and move to a more flexible system with
smaller individually driven coils instead. A piece of software has therefore been written in which the
coil arrangement can be designed, the contribution of each line segment per coil can be calculated in
a predefined grid (FOV) for a normalized current, and using these contributions, a generational
algorithm derives the coil currents needed for any desired target field under influence of a potential
disturbance. Validations were then carried out by comparing the results with simple models
calculatable by hand to ensure proper functioning of the software. A realizable arbitrary coil structure
was then chosen to run the simulations on as a proof-of-concept to demonstrate the capabilities of
such topology.

RESULTS

The chosen coil-shape and coil-arrangement used in the simulations can be seen in figures 1 and 2
respectively:

Measurement [mm)]

coil width A 90.0

coil length B 60.0

layer thickness Cc 03
winding separation crosswise D 3.0
winding separation widthwise E 2.0
coil thickness F 21

Figure 1, measurements per coil used in coil-arrangement. Note that every coil is 10 turns each consisting of 8 separate
layers of windings.




Measurement [mm)]
cylinder diameter G 160
cylinder length H 420

Figure 2, measurements of coil arrangement consisting out of 6 layers with 10 coils each.

Firstly, a simulation was done to calculate the coil-currents needed for generating a magnetic field of 4
mT/m in the x-, y-, and z-direction:
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Figure 3, sagittal and coronal slices of three separately generated gradient fields of 4mT/m in the x-, y- and z- directions
respectively.

The simulation shows it is feasible to resolve a gradient field in all three dimensions inside a cylindrical
FOV, 16 centimeters in diameter and length, within an accuracy of +5%. The calculated coil currents in
the x- and y-directions remain within £10A, whilst in the z-direction the coil currents fall within £2.5A.



Secondly, a simulation was carried out to determine feasibility to homogenize an existing
inhomogeneous field of 54mT/m generated by permanent magnets:
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Figure 4, axial, sagittal and coronal slices of the target field, the constant field generated by the permanent magnets of
54mT/m, and the homogenized total field corrected by the gradient coils of 54mT/m

Here it shows good feasibility of correcting a relatively inhomogeneous field within +5% total error of
the target. The calculated coil currents are within the range of +190A.

Finally a simulation was done to give a closer look at using the gradient coils to alter the total magnetic
field strength to 48mT/m under influence of the same constant field shown in figure 4:
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Figure 5, axial, sagittal and coronal slices of the target field, the constant field generated by the permanent magnets of
54mT/m, and the homogenized total field corrected by the gradient coils of 48mT/m

It shows here the error profile remains within £5% of the desired homogeneous target field. Here the
calculated coil currents fall between £130A.



DISCUSSION AND CONCLUSION

Whilst the error profiles of these generated fields look promising, the relatively high coil currents
remains an problem to be resolved before practical realization. For the gradient field, it is important to
note the values listed are extremes despite and do not show a large selection of the coils are sitting
idle. No optimization has been carried out to lower these figures through current and error limiting at
the cost of a less linear field.

For the main magnetic field corrections, an additional problem is caused by the low effectivity of the
used coil arrangement. This may be addressed attempting to introduce a set of circular coils spaced
along the z-axis to do the bulk of the homogenization, whilst using the gradient coils to do further
shimming at a lower power to correct for manufacturing errors.

With these demonstrated capabilities, follow-up research may be done using non-linear gradient fields
to compensate for an inhomogeneous main field. Furthermore, since the homogenization of the main
field has proven to be possible through simulation for the main field, it may be possible to run multiple
optimizations to physically move the isocenter around to allow for an optimal spatial resolution
wherever desired within the machine.



