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Table 1. Parameters of the gradient coil, Coil0.
a/mm b/mm h/mm WE f8/T? fe/J gaB, /%
45 36 270 4.8 x 1074 2.7164 x 10~° 1.4891 x 10~4 1.5862
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Fig. 2. (a) Pareto curve in the normalized fp-fg and (b) corresponding partial differential curve.
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(b) normalized objection fg/fgo (weight parameter: wg = 4.8 x 1074).
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Table 2. Parameters of gradient coils of coil solutions noted as A, B in Fig. 5.

wp I/A fB/T? fep/W gaB, /%
A 8 x 106 3.4476 9.1001 x 10~12 0.1693 0.0952
0.01 2.7026 7.9654 x 109 0.1029 2.3814
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paths corresponding to (a); (b) wire paths and stream function of coil solutions noted as B in Fig. 5, and (d) part

of wire paths corresponding to (b).
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fp, fr. f5 KA

Fig. 7. (color online) Pareto front solution of multiple objectives optimization problem defined by the objectives
fB, fE, fp, and constrained to gap, < 5%, fr < 1.25 x 1074, fp < 0.105: (a) corresponding to fp, (b) corre-
sponding to fg, (c) corresponding to fp.

%3 FE7(c) ™ C, D, BAE Pareto L ALMN Kb L 240
Table 3. Parameters of gradient coils of Pareto front solutions noted as C, D, E in Fig. 7 (c).

wp wE fB/T? fp/W fe/J 9aB, /%

0.0024 0.00704 3.6667 x 10~ 0.1047 1.1284 x 10~% 4.9989

D 0.0040 0.00256 1.5945 x 108 0.1047 1.2492 x 104 3.3245
0.0368 3.2000 x 10—4 3.5935 x 10~8 0.0885 1.2482 x 10~ % 4.9953
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Fig. 8. (color online) Quadrant of wire paths of gradient coils of Pareto front solutions noted as C, D, E in

Fig. 7(c): (a) coil solutions noted as C (in red solid line), coil solutions noted as D (in black dotted line),

(b) coil solutions noted as D (in black dotted line), coil solutions noted as E (in blue solid line).
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Abstract

The design of gradient coils for a magnetic resonance imaging (MRI) system is a multiple objective optimization
problem, which usually needs to deal with a couple of conflicting design objectives, such as the stored magnetic energy,
power consumption, and target linear gradient distribution. These design requirements usually conflict with each other,
and there is no unique optimal solution which is capable of minimizing all objectives simultaneously. Therefore, the
design of gradient coils needs to be optimized reasonably with the tradeoff among different design objectives. Based on
the developable property of the super-elliptical cylindrical surface and the stream function design method, the multiple
objective optimization problem is analyzed by using the Pareto optimization method in this paper. The effect of
proposed approach is illustrated by using the stream function method and three aforementioned coil design objectives
are analyzed. The influences of the stored magnetic energy and power consumption target on linearity of gradient coil
and the configuration of coils are analyzed respectively. The suitable sizes of gradient coils are discussed by analyzing
the change of the stored magnetic energy. A weighted sum method is employed to produce the optimal Pareto solutions,
in which the multiple objective problem reduces into a single objective function through a weighted sum of all objectives.
The quantitative relationship of each design requirement is analyzed in the Pareto solution space, where Pareto optimal
solutions can be intuitively found by dealing efficiently with the tradeoff among different coil properties. Numerical
examples of super-elliptical gradient coil solutions are provided to demonstrate the effectiveness and versatility of the
proposed method to design super-elliptical gradient coils with different coil requirements. The optimization results
show that there are multiple available solutions in the convex Pareto solution space under the constraints that the linear
gradient deviation is less than 5% and the magnetic stored energy and power dissipated are both no more than user-preset
values. In the case that the values of summed objective functions are the same, the proposed method can intuitively see
the performance of each individual target, thereby conducting to realizing the final design of gradient coils under the
different design requirements. With the proposed approach, coil designers can have a reasonable overview of gradient
coil design about the achievable performances of some specific properties and the competing or compatible relationships
among coils properties. Therefore, a suitable design of the gradient coils for a given requirement of MRI application can

be chosen reasonably.

Keywords: gradient coils, stream function, super-elliptical cylindrical surface, Pareto optimization
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