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OUTLINE DESIGN OF UNIFORM MAGNETIC FIELD GENERATOR

USING EVOLUTION STRATEGY BASED ON SHAPE OPTIMIZATION OF PERMANENT MAGNETS
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The requirement for the generation of a strong magnetic field and a highly accurate
uniform magnetic field in MRI make the condition for device installation stringent, posing
challenges related to magnetic field leakage and equipment maintenance. Therefore, the
development of a compact MRI that forms a uniform magnetic field using only permanent
magnets aims to relax the conditions for device installation, enabling more precise
examinations in many medical facilities. To form a uniform magnetic field using only
permanent magnets, a magnetic field strength of approximately 0.2 T to 0.5 T and a uniform
magnetic field of several ppm to tens of ppm are required. On the other hand, by restricting
the imaging target, it is possible to narrow the measurement space, and in some cases, imaging
with several hundred ppm may be sufficient. The outline of a uniform magnetic field generator was
designed by restricting the imaging target to hands or feet and performing the shape optimization of
permanent magnets in this paper. The magnetic field analysis of the imaging space employed the Biot-
Savart law, and optimization was conducted using evolutionary strategies. The magnetic field uniformity,
when rectangular permanent magnets with a volume of 15,949 mm? were arranged in opposition, was
61,917 ppm. However, through shape optimization, the volume was reduced by 41.1 %, resulting in an
83 % reduction in uniformity.
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Fig. 1. (1+1)-ES Flowchart.
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Fig. 3. Uniform magnetic field generation simple model.
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Fig. 4. The model for generating a uniform magnetic field
considering the characteristics of PM.
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Table 3. Parameters of Evolutionary Strategy and penalty

functions.
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Table 4. Optimization results in various methods.

best casel (a) casel (b)
x [m] 0.658 0.800
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Table 5. Optimization results in various methods.

best case2 (a) case2 (b)
x4 [m] 0.481 0.683
x5 [M] 0.228 0.427
X3 [m] 0.218 0.417
2, [M] 0.210 0.224
z,[m] 0.147 0.174
1, [m] 0.081 0.042
I, [m] 0.099 0.064

Py 2.280 0.023

P& 0.000 0.000
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Table 6. Optimization results in various methods.

best case2 (a) | case2 (b)
X1 [m] 0.447 0.650
Xo [M] 0.427 0.617
X3 [m] 0.417 0.595
2, [m] 0.287 0.216
z,[m] 0.107 0.219
1, [m] 0.052 0.082
I, [m] 0.010 0.016
Py 10.900 2.060
P g, 0.000 0.000
P gn 0.685 0.107
Wl 0.047 0.173
ppm | 961000.0 | 188000.0
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