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RF Coil Design for MRI Using a Genetic Algorithm

J. Rock Hadleyl, Cynthia M. Furse?, and Dennis Parker'

'Utah Center for Advanced Imaging Research
*Electrical and Computer Engineering
University of Utah
50 S Campus Drive 3280 MEB
Salt Lake City, Utah 84112
cfurse@ece.utah.edu

www.ece.utah.edu/~cfurse

Abstract — In this work a Genetic Algorithm (GA) was
used to optimize single and dual array Radio Frequency
(RF) coils for imaging vasculature structures using
Magnetic Resonance Imaging. Quasi-static equations
were used to simulate sample noise and signal
sensitivity profiles of the coil elements. Coil to sample
and coil to coil interactions were taken into account, and
the relative signal-to-noise ratio in the structure of
interest was used as the cost function for the GA
optimization.

Key words — Genetic Algorithm, Magnetic Resonance
Imaging, phased array coils.

I. INTRODUCTION

Previous work has shown that substantial
improvement in Magnetic Resonance (MR) image
quality can be obtained using receiver coils that are
specifically designed for the region of interest [1 - 46].
However, it is often difficult to fully optimize RF coils
(eg. their sizes and positions) for specific objects or
anatomies because of the complex nature of coil/sample
and coil/coil interactions. Obtaining the exact geometric
configuration that will optimize image quality over the
region of interest is complicated. Also, the optimal
geometric parameters can vary greatly depending on the
sample volume or structure being imaged. There is a
general rule that the coil diameter should be
approximately equal to the depth of the voxel being
imaged [38], but when that object is a large volume
(such as the heart) or when the structure is a tortuous
long and varies in depth like an artery, optimization is
difficult. Many characteristics need to be taken into
account when designing RF coils for specific anatomy
such as object geometry (structure of interest, structure
shape, and body surface geometry), coil coupling, coil
sensitivity profile, interaction with the sample, relative
positions of individual elements, patient comfort,
parallel imaging factors, and image acquisition
technique.

Stochastic optimization methods such as the genetic
algorithm (GA) [47 - 49] are well suited for
optimization problems of this nature, since they are able
to find a global minimum when many local minima
exist, they require no derivatives or gradients, and they
are very flexible in their utility. Cost functions for GAs
can be tailored to specific problems and can be
implemented with other types of algorithms for accurate
measurement or optimization purposes. GAs have
previously been used to generate MRI related design
parameters for various applications including split coil
magnets, biplanar gradients, and some RF coil designs
[50 - 55]. In this work, GA techniques are used to
optimize coil parameters pertaining to single loop coil
and phased array coil design for the purpose of imaging
specific anatomic structures. The GA technique can
provide optimum coil parameters including the number
of coils in the array and the specific size and position of
each element in the array for imaging the specific
anatomy. The goal of this work is not to evaluate
standard GA methods, as applied to RF coil design, nor
to provide exact specifications for building application-
specific coils. Rather the goal of this work is to show
that the GA is well suited for optimizing coil design
parameters and to define cost functions and methods to
enable this optimization, allowing coil developers to
assess trends and tradeoffs in relative signal-to-noise
ratio (rfSNR) during structure specific optimization.

II. THEORY

Genetic Algorithms

The genetic algorithm [47] is a search and
optimization technique based on the concept of natural
selection. This technique is particularly useful for
optimization problems that have complicated cost
functions with many local minima. GAs are also used in
cases where it is difficult to formulate multiple
derivatives of the cost function for use in algorithms
such as the steepest descent algorithm. The GA
computes a cost function for its individual
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“chromosomes” or vectors of numbers that describe the
optimization problem. The GA begins by computing the
cost function for an initial population of chromosomes
that are randomly chosen over the search space. The
most favorable chromosomes are kept, and the worst
chromosomes are discarded. Those chromosomes that
are kept are “mated” with other “good” chromosomes to
form “offspring” chromosomes that are then put into the
population pool. There are multiple techniques for
mating chromosomes and introducing mutations into the
chromosome pool so that the GA is less likely to result
in a local minimum when the global minimum is
desired. Although there is no way to determine if the
absolute global minimum has been obtained, GAs are
typically more likely to find the global minimum for
cost functions containing many local minima than
standard minimum seeking algorithms.

Optimization Model

The model for these simulations consists of a large
slab (80 cm x 80 cm X 40 cm) of a semi-conducting
material with coils placed on the surface of the
conducting model [38]. The slab is defined for (-40 < x
<40, -40 <y <40, -40 < z <0), and the coils are placed
on the surface of the slab at z = 0 as shown in Fig. 1.
The y-axis of the slab is defined to be parallel to the
main DC magnetic field of the MR scanner, By. The
sample has a conductivity of 0.3 S/m. Off-axis
electromagnetic equations for rectangular coil elements
are simulated using equations derived from the Biot-
Savart law and presented by Smythe and Misakian [56],
[57]. For a single loop, the dimensions are a x b,
representing the side lengths of a rectangular coil in the
x and y directions, respectively. The coil position is
defined as (x, y) as shown in Fig. 1. The anatomic object
of interest is embedded in the sample and consists of any
collection of points that represent the particular structure
over which rSNR calculations are made. The objects of
interest in this work primarily consist of representations
of different vessel structures and a heart shaped object.

The impedance, Z, for an RF resonating loop
receiver coil is composed of several terms including the
sample losses, R;, coil ohmic losses, R, the connecting
wire or cable losses Ry, the amplifier impedances, R,,
and the reactive inductance and capacitance terms, X,

Zi = Rsi + Rci + Rwi + Rai + JXI (1)

The i represents the i™ coil, j =+/—1 . The sample noise

R;, for such a coil is defined as the integral of the
squared magnitude of the magnetic vector potential, A,
created by a unit current in the coil [58], multiplied by
the sample conductivity, o, and the squared radian
frequency, @, over the volume of the coil sensitivity
[38], [56]
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Fig. 1. Coil dimension and position definitions for a
single and dual coil system positioned over the
optimization sample space.

For this equation, it is assumed that the conductivity
tensor is isotropic and uniform over the sample volume,
and that only a ¢ component of the magnetic vector
potential exists in the sample [56]. This satisfies the
boundary conditions for the electric field at the sample
boundary. The coil ohmic losses for the rectangular loop
are [59]

_Na,+b) |u2nf
 zd 20

¢ , 3)
where 14 is the permeability of air, f'is the frequency of
the current in the conductor, and d is the diameter of the
conductor. This work does not include the amplifier or
cable losses based on the assumption that these losses
are already minimized and are the same for all coils in
the optimization algorithm. For a single loop, the
reactive terms include the distributed capacitance and
the loop self inductance terms that generally cancel out
at resonant frequencies. However, the self inductance
terms are useful in the coil optimization process. For a
single rectangular loop coil of dimensions a x b, with a
round wire diameter p, the self inductance is [60],

L =0.004(a, log(2a, / p)+b log(2b / p)+2\a’ + b
~a,sinh(a,/B) by sinh™ (/) ~2(a, +B) + £ (a +b).
“4)

For the purposes of this work, the noise power, n, for a
single coil is defined by equation (2) and equation (3)
such that,

n = Re (Z[)z Rs, + Rc,. 5)



The relative MR signal or coil sensitivity for a point in
the sample space r is defined from the theory of
reciprocity [58] as the transverse magnetic field
produced by the coil with a unit current flowing in the
conductor elements,

s,_(r) =B =~ (Bx (r)+ jBZ(r)). (6)

For a two coil system, the second rectangular loop
has the dimensions of a, X b,, with a position of (x + Ax,
y + Ay) as depicted in Fig. 1. The second coil also has
its own self inductance described by equation (4). There
is also a mutual inductance term that describes the flux
linkage between the two coils. This term is largely
dependant on the geometrical relationship between the
two coils and is expressed by,

_ My 0s, - s
Mik - 470Z _U |r’ _rk]i’ (7)

where, s; 1S a unit element of the conductor of coil i, and
|V,. - I’k| is the distance between the unit elements of the

i and ™ coil.

The second coil also has sample noise and ohmic
noise described by equations (2) and (3), respectively.
If the two coils are in close proximity, a portion of the
sample noise can be correlated between coils. This
correlated noise power or noise that is shared between
the two coils, through the sample, is described by,

Rs, = a)zaj. A - A0v, ®)

which is the general form of equation (2), including the
inner vector product of the magnetic vector potential
from both coils at each point in the sample space. These
additional noise terms from coil k£ affect the noise of the
overall system and the resulting noise as seen by coil i
is,

2

AOM . *
n,=R,+R +Y R +) ~ & Re(Z)), ©)

i#k i#k

M
k

where the subscript ¢ represents the total noise from the
i" coil. The net signal or coil sensitivity for coil i, in the
presence of coil &, then become,

s[(r) = (Bx[(r) + sz[(r))+ Z% (Bxk (r)+ JjbBz, (r)) .

(10)

The rSNR at any given point in the sample depends on
combining the signals from coil i and coil £ in the
manner derived by Roemer [38]. Therefore, when the
signals are combined to obtain maximized rSNR at
every image point, the resulting maximum rSNR is,
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FSNR =\S"W'S", (11)

where S is the coil sensitivity vector, or the vector of
coil sensitivities at the position for which the rSNR is
being calculated. The T represents the matrix transpose,
* represents the complex conjugate, and ¥ is the noise
correlation matrix which includes the noise power terms
from equation (2) as the diagonal elements, and the
noise power terms from equation (8) as the off diagonal
elements of its matrix.

III. METHODS

Genetic Algorithm

The GA chromosomes that describe the one and
two coil systems consist of the geometrical parameters
that express the sizes of the coils and their positions with
respect to the sample being imaged (see Fig. 1). The
chromosome for the two coil system is:

la,,b,x,y,a,,b,,Ax,Ay] . (12)

For this work, these chromosome variables were
continuous, although it would be equally valid to allow a
fixed set of choices, which might speed up the GA
convergence. The ranges for a and b define limitations
on the smallest and largest coil sizes allowed in the
optimization, and the limits on x, and y determined the
limits of the coil position. The coils in this study are
limited to a maximum a and b of 10 cm, and the center
position of the search space is a 20 x 20 cm surface.

An initial set of 16 to 48 random chromosomes
were compared based on their cost function values. The
best half of the chromosomes were kept for mating
(parents) and the rest of the chromosomes were
discarded. The mating routine produced the same
number of additional offspring chromosomes, which
were sorted with the parent chromosomes according to
their cost function values (their “fitness”). This iterative
procedure was continued until convergence was
achieved.

The cost function for each chromosome was
computed as the average rSNR for the sample points in
the object of interest,

N
cost =%Zwi -FSNR(r.). (13)

i=1

For this equation, rSNR is defined by equation (11),
r. defines the position of the sample, point, N is the total

number of sample points that define the anatomic
structure of interest, and w; is the weighting value of
specific sample points (w; = 1 for this work). For each
rSNR calculation, the coil sample and ohmic losses were
interpolated from pre-computed look wup tables,
eliminating the computation of time consuming volume
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integrals over the sample space for each iteration. The
coil signal sensitivity at all sample points was also
computed for each coil, or set of coils, and for each GA
iteration.

The original implementation of the two coil GA
code used the equations as stated above to compute the
cost functions of the chromosomes. However, the GA
would quickly converge to local minimum solutions
where the mutual inductance between coils was zero,
but for which the coil shapes and positioning were not
practical or intuitive for imaging the object of interest.
Using continuous variables for the chromosome
elements caused the solution space to be so large that it
was difficult to find another local minima once the first
set of M, = 0 coils were determined. Consequently, the
first local minimum found was generally the final result
for this algorithm. These M, = 0 solutions were very
dominant over all other solutions and many such
solutions (local minima) existed in the search space.
Therefore, it was determined that the search space
should be limited to solutions where the mutual
inductance between coils was zero. This is commonly
done in coil design without the GA, and it is reasonable
to assume that it is also ideal for GA-optimized coils.
This work used a simple binary search algorithm to shift
coil 2, along a specified angle with respect to coil 1, to
determine the Ax and Ay chromosome elements that
would result in M;, = 0 between the two coils.
Consequently, Ax and Ay can quickly be determined.
Once this algorithm is complete, the Ax and Ay
components of the two coil chromosome were set, and
the relative position of coil 2 with respect to coil 1 was
fixed. At that point, the correlated noise terms between
the two coils were calculated, the individual coil sample
noise terms were obtained from the lookup table, and the
noise correlation matrix, W, was defined for the two

coil system. The binary search algorithm essentially
eliminated two of the eight chromosome elements in the
original 2 coil chromosomes. The next step that aided in
significantly speeding up the algorithm, was the use of
a nested GA to optimize the (X, y) position of coil 1 such
that the average rSNR of the fixed two coil system was
optimized for the object of interest. This nested GA was
fast, because the only calculations needed for each
iteration were the magnetic field and rSNR calculations
for the object points at each (x, y) coil pair position.
This technique resulted in a 4 element GA in an outer
loop and a two element GA in an inner loop, and
significantly reduced the chromosome pool search space
to include only chromosomes that were relevant and
practical for imaging the object of interest. This
technique provides significant improvements in the
speed of convergence over a single GA for all eight
elements of the chromosome. Other factors that speed
up convergence of the GA were to restrict the relative
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sizes of the two coils so that non-probable coil pairs
were eliminated and the use of predetermined coil pair
data that wais used in a look up table as the initial pool
of chromosomes. All that wais needed for these initial
chromosomes wais the inside GA loop to optimally
position the coil pairs for imaging the object of interest.
Finally, the option to fine tune the top chromosome wais
included in the algorithm. This consists of adding
chromosomes with incremental adjustments in the coil
sizes and positions into the pool and helped to keep the
GA from stagnating on a single chromosome for
multiple iterations.

Coil Optimizations

Single coil GA simulations used a reduced
chromosome length of 4 elements including the coil
dimensions a and b, and the coil position x and y. Noise
correlation and mutual inductance terms were not
needed for these simulations, so convergence was quick.
Single coil optimizations were performed to compare
single and double coil rSNR results and to assess the
relative improvements that can be gained by using two
coils over a single coil for various vessel segments.

Several case studies were evaluated [79] and are
discussed here. For each case a single and double coil
GA optimization were performed. The case studies
consisted of the following: case 1) a single sample point,
representing a vessel segment of 1 cm length at a 3 cm
depth, , case 2) a single sample point at 5 cm depth, case
3) a single sample point at 8 cm depth, case 4) a longer
vessel segment of 4 cm length at a continuous depth of 3
cm, case 5) a longer vessel segment of 10 cm length at a
5 cm depth, case 6) a long vessel structure with a linear
depth profile, with a length of approximately 11 cm, a
depth of 2.5 cm at one end, a depth of 5 cm at the center
and a depth of 7.5 cm at the deepest end, and case 7) a
heart model consisting of approximately 300 points
distributed on a stretched spheroidal surface with a
center depth of 9 cm, a length of 10 cm, and a diameter
of 7 cm.

IV. RESULTS

The results for all the single and dual coil
optimizations for the various cases are presented in
Table 1. This table shows that for a single vessel point
at 3 cm depth, the optimal coil radius is approximately
1.9 x 1.9 cm, and as a consequence of the vessel point
being positioned at (x, y, z) = (0, 0, -3) cm, the coil is
positioned at (x, y) = (0, 0) cm. This is about 25 %
different from the rule of thumb that the coil diameter
should be 3 cm for a 3 cm deep voxel. The rSNR for
this single point using the optimal single coil is 81.6.

For the same vessel point, using a two coil array,
the dimensions of each coil were 1.6 x 2 cm with a 2.72
cm x-directed, patient left/right, or transverse offset



between the two coils. This is similar to the designs
presented by Hayes where the coils are offset in the
transverse direction for optimal rfSNR [22], [23], [61].
This configuration of coils provided a 14.8 %
improvement in the rSNR (93.7) over the single coil.
Hayes has described this phenomenon and attributes this
to the phase of the coil sensitivity profile at the point of
interest [62]. Similarly for cases 2 and 3, the dual coil
array provides similar rfSNR improvement with coil
elements offset in the transverse direction. These results
also show the intrinsic rSNR loss that naturally occurs
as the sample point increases in depth. For example,
increasing the depth of the single sample point from 3 to
5 cm decreases the available rSNR using the two coil
array by 65 %, and increasing the depth from 5 to 8 cm
decreases the available rSNR by an additional 65 %.

Table 1. GA optimization results for case studies.

Case # %
# coils depth |length [a/2|b/2| x y [rSNR chg
1 1 3 1 1.9(1.9 0 0 81.6
N 16| 2 | -1.37 0 14.8

point 2 3 1 16l 21137 0 93.7
5 1 5 1 2.712.7 0 0 27.9
5 23| 3 1.9 0.2 15.1

point| 2| 3 Vs3] [oar] 2!

3 1 8 1 414 0 0 9.8
N 3.4(14.5]| -2.84 |1-0.28 15.3

point 2 8 1 341450 287 1028 11.3
4 1 3 4 1.8]2.5 0 0 71.1
) 1.6/2.6| 1.29 |-0.21 17.4

vessel | 2 3 4 62611311023 83.5
5 1 5 10 [2.5] 5 0 0 20.6
) 2.713.1] 0.15 | 2.69 26.2

vessel) (215 |10 BEE 005 [2.68] 2

P[22 23] o |27 207
6 7.5 26.3
vessel ) 25— 1 1.8] 2 0 3.8 375 '
7.5 3132 0 -0.6 )

7 1 9 10 416 0 0 6.7
: 3716.5| -3 0.29 23.9

heart 2 9 10 37165 3 .29 8.3

For case 4, the vessel object is again at a 3 cm
depth, and the length is increased to 4 cm, typical for a
carotid bifurcation. For this case, use of a dual coil array
provides approximately 17.4 % rSNR improvement over
the single coil (see Fig. 2). It is also interesting to note
that by optimizing coils over a larger volume or vessel
length, there is a nearly 11 % reduction in available
rSNR compared to a single point at the same depth
(compare with case 1). This coil design might be
considered to be a good coil design for applications
where the object of interest is a single point somewhere
along the artificial design vessel, and the goal of the coil
design is to have improved flexibility in coil positioning
for a tradeoff of nearly 11 % in rSNR.
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Fig. 2. Case 4 dual coil results show that the coils are
still overlapped in the transverse direction and
that there is a 17.4 % increase in rSNR
compared to the single coil results.

The GA solution for case 5 indicates that the
optimal dual coil configuration consists of two coils that
are nearly the same size as an optimal single element
coil for a single point at the design depth (see Fig. 3).
However, rather than positioning the coils such that they
are overlapped in the transverse direction, they are
overlapped in the longitudinal direction, or patient
superior/inferior direction. This configuration is known
to have a subtle rSNR decrease under the overlap of the
two coils as opposed to the known increase in rSNR
under the overlap for coils overlapped in the transverse
direction [62]. However, for the cost function used in
this study, the net rSNR for the longitudinally
overlapped pair is greater than for designs using the
transverse overlapped pair. The GA technique can aid in
determining where this break point might be found in
determining the best approach for coil overlap for the
imaging of specific structures. This case also
demonstrates, as before, that designing a coil to cover
such a long structure decreases the available rSNR of
any one point on the structure by 19 % compared to a
coil designed for a single point at the same depth
(compare with case 2). However, this coil design is
likely to be more flexible in positioning along the length
of the structure.

5.
10

(a) ()]

Fig. 3. Case 5: dual coil results show that the optimal

overlap for this case is in the longitudinal

direction. The dual coil provides a 26.2 %
increase in rSNR over the single coil results.
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The results for case 6 (see Fig. 4) give an indication
of how the appropriate coil array should be designed to
image structures that change in depth along the length of
the structure. It would be difficult to use intuition alone
to design a coil for such a purpose, however, using the
GA to optimize the coils for this vessel structure
provides a result that is intuitive and gives relative
estimates of the dimensions and positions of a dual coil
array that might be used to image a structure such as
this. It is interesting to note how much rSNR
improvement (~26 %) the GA indicates can be achieved
using two coils rather than a single coil for these long
vessel cases. This result also indicates that it may be
important to use coils of arbitrary shape for the imaging
of specific structures rather than standard circular or
rectangular shaped coils.

o <=
A =
'o.. :
53 i
(a) (1]

Fig. 4. Case 6: dual coil results show the benefit of
using arbitrary shaped coils for imaging
structures of this nature. The dual coil for this
case provides a 26.3 % increase in rSNR
compared to the single coil for this case.

The results for the heart model, case 7, provide
insight into the optimal coil design for larger volumes
and structures. The sample points used to calculate the
average rSNR over the surface of this structure range
from 12.5 cm to 5.5 cm depth with a slightly larger
sample point density at the superior and inferior ends of
the model, near its central axis (see Fig. 5). Because of
the long length of this structure, it might be expected
that coils overlapped in the longitudinal direction would
again provide the highest rfSNR over its surface.
However, because the sample points nearest the surface
have the largest intrinsic rSNR, their contribution to the
overall cost function is great, and result in an optimal
coil design where the coils are overlapped in a
transverse manner with respect to By. Comparing case 7
with case 3, it can be seen that the coil width radius, a/2
= 3.7 cm, is just slightly larger than that for the single
point at 8 cm depth, a/2 = 3.4 cm, accounting for the
extra centimeter of the average heart depth. However,
in order to account for the length of the heart at such a
depth, the coil radius for the longitudinal direction is
considerably longer than for the result in case 3. Finally,
these results indicate an rfSNR increase of approximately
24 % using a dual coil array compared to a single coil.
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Fig. 5. Case 7: dual coil results show that, for the
average rSNR cost function, the coils are still
overlapped in the transverse direction even
though the structure is long. The dual coil for
this case provides a 23.9 % increase in rSNR
over the single coil for this case.

The results for the single coil optimizations are in
line with intuition and with expected results. Results for
the single coil GA are achieved quickly, and can be
performed on a standard PC in a matter of minutes.
Using the techniques described above on a Dual AMD
Opteron, dual core 270 with 4 GB of RAM, case 4
converged in approximately 2.5 hours, and case 7 in
approximately 9.55 hours, making these simulations
practical to use for specific design applications.

V. DISCUSSION

The purpose of this work was to develop a GA tool
that could be used for finding coil geometries and
positions that give the highest rSNR for a specific
anatomy, and evaluate its usefulness. Modifications
were made to the standard GA methods that limit the
coil parameter search space to solutions that are
practical for imaging the object of interest. Although
these simulations were performed for only two coils, it
would be natural to extend this work to multi-element
arrays. There are challenges in obtaining minimum
mutual inductance for three or more coil elements.
However, with the use of passive decoupling circuits
[28], [63 - 66] and appropriate image reconstruction
techniques [65], [67], zero mutual inductance between
all adjacent, coils may not be required. With the ability
to simulate and optimize multiple coil elements using
the GA tool, the number of coil elements that might be
used in an array for imaging a specific structure might
also be optimized.

In addition to optimizing the number of elements
used in a coil array, many other interesting coil design
characteristics might be optimized using the GA
techniques such as individual coil sizes and relative
positions for phased array coil elements, g-factors, and
coil element spacing for parallel imaging applications,
and any other coil dimension or relative coil position.
Cost functions can also be modified to include other



anatomic structure specifications or image acquisition
parameters. Recently, Breuer and Griswold have shown
that phased array designs may be optimized for specific
parallel image acquisition schemes that use different
data gridding techniques. [68], [69] Therefore, the
results of this study indicate that the use of the GA for
optimization of coil design parameters is useful and
promising.

The purpose simulating these different cases was to
evaluate coil design trends and the effects on rSNR for
different imaging applications, providing answers to
fundamental coil design questions concerning coil size,
position, direction of overlap, etc. These different case
studies were also designed to provide insight into the
results of designing RF coils for various objects of
interest and to better understand how the optimal coil
should be configured for these different geometries. It
can be seen that coils or arrays of coils that are
optimized for a specific point in the sample can provide
significantly more rSNR for that point than if the point
is only a part of some greater volume or structure that is
being imaged with a coil designed for the entire volume.

There are several limitations to this study. First,
particularly for complicated anatomies such as the
carotid bifurcation, the simple vessel models may be
insufficient. =~ More realistic models would include
accurate representation of the head, neck and shoulders
and full wave solutions to account for all the
complicated boundaries of such a model. Such a model
would also provide the appropriate sample and
correlated loss terms, whereas the infinite half plane
model used in these studies may represent a much more
dominant load than that of the head, neck and shoulders.

Second, these simulations are based on quasi-static
electromagnetic field simulations where it is assumed
that the electric and magnetic fields are not coupled and
that the magnetic field in the sample is primarily due to
the current in the coil conductor. Simulations using
these equations combined with the effectively infinite
slab model are subject to error, because they do not take
into account important effects such as the boundary
conditions of actual human anatomy, sample loading,
conductive shielding of the fields from the sample, etc.
Wright has computed the rfSNR for several different
coils at 64 MHz and has shown that the results using the
quasi-static solutions tend to show all appropriate trends
and features of the coils compared to actual
measurements [44]. Many other authors have used
quasi-static calculations to obtain reasonable estimates
of real measurements [9], [20], [38], [56], [70-78].
These simulations seem to work well for situations
where the current distributions around the coils are
known to be relatively constant across the coil. As the
coil dimensions or the frequency increases the changes
in phase of the current in the coil become more
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significant, and these simulations may be inaccurate in
predicting appropriate rSNR trends and characteristics.

Finally, it is also important to note that these
simulation results are based on a cost function that is
computed as the average rSNR over all sample points
that define the structure of interest. The cost function
also assumes the use of Roemer’s full reconstruction
algorithm (equation (11)) [38]. These results might be
significantly different if the sample points were
weighted to emphasize different sections of the structure
or if different reconstruction algorithms were used to
combine data from multiple coils.

VI. CONCLUSIONS

This work demonstrates that the GA can be used as
a coil design tool to study rSNR characteristics for
imaging applications of specific anatomic structures,
where relative trends and tradeoffs of various coil
configurations can be understood. Although GAs
typically require large amounts of computing power,
modifications can be made to decrease the parameter
search space and improve the speed of RF coil GA
optimizations. Cost functions for the GA coil
optimization can be modified to include larger numbers
of array elements as well as other interesting coil
parameters such as g-factor and array element spacing
for parallel imaging applications, as well as size, shape,
and total number of elements in an array for optimal
rSNR imaging.

The case studies presented in this work demonstrate
important characteristics of various coil designs
optimized to image specific anatomic structures, and
provide answers to fundamental questions concerning
the design of RF coils for MRI.
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