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SELF-ADAPTIVE NSGA ALGORITHM AND OPTIMAL DESIGN OF INDUCTORS FOR MAGNETO-FLUID HYPERTHERMIA
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ABSTRACT. In the paper the optimal design of an inductor used to heat a magnetic nanoparticle fluid injected in a cell culture inside a Petri dish is presented. The device is suitable for application to study cancer therapy based on Magnetic Fluid Hyperthermia. The inductor design is driven by means of a new multi-objective optimization algorithm that generalizes the Migration-NSGA algorithm, i.e. the Self-Adapting Migration-NSGA (SA-MNSGA). The ultimate scope is the assessing of the heating capability of the magnetic fluid in biological systems.

INTRODUCTION 

   Magnetic fluid hyperthermia (MFH) is a local thermal therapy used in tumor treatment in order to induce cell apoptosis. The apoptosis is obtained by means of the heating up to 42 °C of a magneto fluid injected in the tumor mass [1]–[5]. In MFH the magnetic fluid is heated applying a time-varying magnetic field at few hundreds of kHz. 
   The magnetic nanoparticle heating depends on the magnetic material characterizing the induction device. The relevant effect can be tested on a cell culture using a specific magnetic field applicator [6], [7] able to apply magnetic field to 4 cm diameter Petri dish where cell culture can be treated with magnetic nanoparticle. The uniform heating of the cell culture can be obtained by means of uniformly distributed nanoparticles and uniform magnetic field. 
DIRECT AND INVERSE PROBLEM 

Direct problem

   Fig. 1 (a) shows the axial-symmetric cross section of the two-turn inductor, with internal radius of 85 mm; it is equipped with a fixed-position ferrite layer in the device bottom, and four ferrite rings with variable vertical position on the device top. Ferrite blocks allow for synthesizing the distribution of magnetic flux lines in the Petri dish bottom, which in turn is located in a thermally insulated box. The direct problem – i.e. the magnetic field analysis – is solved in time-harmonics conditions using a FE model
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   The FE mesh discretizing the geometry in Fig. 1 is composed of second-order elements; typically, it is composed of 30,000 nodes and 12,200 surface elements. Fig. 1 (b) shows the magnetic flux-line distribution.

                            (a)                                                                           (b)           

Figure 1. (a) device geometry and (b) example of feasible geometry with magnetic flux lines.
   Table 3 reports the design variables in terms of magnetic field inhomogeneity for the best solution found after 200 iterations and the one found using the automatic stop criterion. It appears that there is no difference between the solution obtained using the automatic stop criterion and the one found after 200 iterations.
Table 3: optimized design variable in terms of magnetic field inhomogeneity

	
	
	d1
	d2
	d3
	H1
	Ds
	f1
	f2 [A/m]

	NSGA-II
	#200
	24.7
	23.3
	24.8
	42.1
	7.9
	552
	5988.0

	NSGA-II
	auto-stop
	24.7
	23.3
	24.8
	42.1
	7.9
	552
	2988.0

	MNSGA 
	#200 
	25.8
	29.4
	30.0
	25.1
	18.5
	119
	5681.8

	MNSGA 
	auto-stop 
	25.8
	29.4
	30.0
	25.1
	18.5
	122
	5681.8

	PA-MNSGA 
	#200 
	23.2
	27.8
	26.7
	31.8
	8.4
	1
	5848.0

	PA-MNSGA 
	auto-stop 
	23.2
	27.8
	26.7
	31.8
	8.4
	1
	5848.0


CONCLUSIONS 

The optimal design of an inductor for MFH applications has been carried out by applying an improved version of migration based NSGA-II algorithm including automatic stop and a self-adapting concept. 
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