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Abstract. In this paper, a new methodology combining the Polynomial Chaos Expansions (PCE) and Non-
dominated Sorting Genetic Algorithm II (NSGA-II) is proposed to design inductive power transfer (IPT) 
systems. The relationship between the outputs (mutual inductance and leakage flux density) and structural 
parameters (coils and ferrite shape, size, thickness) is expressed by a PCE metamodel. Then, this 
metamodel is set as the objective function and the NSGA-II is used to obtain an optimal design with a 
trade-off between these outputs. In addition, a sensitivity analysis directly available with this PCE 
metamodel shows how the structural parameters influence the outputs. This method successfully provides 
the Pareto front and strongly saves the computation time. 
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INTRODUCTION 

In order to design a highly-effective inductive power transfer couplers, a large number of design parameters need 
to be taken into account by using an analytical design approach or numerical simulations. In [1], the majority of 
the design procedures consider a parametric sweep with 2D finite-element models (FEM) and multi-objective 
optimization involving the transfer efficiency and the area-related power density without stray field constraints. 
In [2], a genetic algorithm optimization for three different IPT applications is presented, while details of the 
optimization process and results are omitted. In [3], a multi-objective real-numbered particle swarm optimization 
algorithm is employed to generate an optimal design of coils and ferrites. However, the study is limited to a 2-D 
axisymmetric design environment. In [4], the normalized Gaussian network for the topology representation on the 
ferrite volume and Non-dominated Sorting Genetic Algorithm II for the transfer efficiency and safety are applied 
to the design of the coupler in the IPT system, but it only optimizes the shape of ferrite. However, in recent 
literature, there are quite a few papers considering the multi-objective optimization with a 3D FEM model because 
it is very time-consuming. 

In this paper, we present a new method to perform the multi-objective optimization for an IPT system in order to 
find an optimal design at a low computational cost. First, the IPT coupler is studied with a 3D FEM model for a 
wide range of design parameters. Then, a relationship between the outputs (mutual inductance M and leakage 
magnetic flux density B) and structural design parameters (coils and ferrite shape, size, thickness and so on) is 
expressed by a polynomial chaos expansion (PCE) metamodel. Secondly, this metamodel is used to evaluate two 
objective functions: the first objective is to maximize the transfer efficiency through the mutual inductance, the 
second objective is to minimize the leakage flux density near the electric vehicle to prevent health and safety. 
Hereafter, NSGA-II is proposed to find the Pareto front between the mutual inductance and the leakage flux 
density and generate the final optimal design. 

DESCRIPTION OF THE METHOD 
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Let consider the practical IPT configuration studied in GeePs for Vedecom [5] (presented in Figure 1). Normally 
the input parameters X can be geometric values, material properties, frequency, etc., but here it is considered to 
be these six independent parameters in Table 1. A PCE metamodel is established to simulate the varying trend of 
the mutual inductance M (unit: 𝜇𝜇𝜇𝜇) and the leakage magnetic flux density B (unit: 𝜇𝜇𝜇𝜇). In (1), Y is the vector 
output including both M and B. The polynomial expansion of Y is built from the input samples deduced from 3D 
FEM modeling computations for the given range of parameters. 

(1) 𝑌𝑌(𝑋𝑋) =  ∑ �̂�𝑐𝑖𝑖Φ𝑖𝑖(𝑋𝑋)𝑖𝑖∈ℕ𝑁𝑁                                                

where Φ𝑖𝑖(𝑋𝑋) are multivariate polynomials basis functions with coefficients �̂�𝑐𝑖𝑖 . 𝑖𝑖 is a multi-index that identifies 
the components of the multivariate polynomials Φ𝑖𝑖 [6]. 

Then according to the PCE metamodels for M and B, NSGA-II [7] is used to find the Pareto front very efficiently, 
as shown in Figure 2. Since the evaluation of the metamodels requires a very short time, the optimization 
procedure is very fast.  

                               

                   Figure 1: Structural parameters of the IPT system.                Figure 2: Pareto Front of M and B. 

Table 1: Structural parameters ranges. 
Number in 
Figure 1 Structural Parameters Min 

(mm) Max (mm) Distribution 

1 Thickness of ferrite  2 10 

Uniform 

2 Size of the corner 1 60 
3 Distance between the coil and ferrite 5 15 
4 Size of the inside edge 1 150 
5 Size of the inner boss square 300 400 
6 Width of the border edge 10 30 

A deeper sensitivity analysis with more details will be presented during the workshop. 
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