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Spatial encoding in magnetic resonance imaging (MRI) assumes a known relationship between position and magnetic

field strength. The presence of an unknown field inhomogeneity Be : R3 → R causes mislocalization of signal and

produces geometrical distortions. The impact of Be along each encoding line, is dependent on the bandwidth of

the respective gradient. Hence, the displacement is restricted along one direction v ∈ R3, i.e. y(x) = x + Be(x) v,

given by the bandwidth parameters. The geometrical transformation y induces also an intensity modulation given

by its Jacobian determinant det(Dy) [1]. Hence instead of the exact image I only the distorted version Ĩ =

I(x+Be(x)v) · (1 +∇vBe) is observable.

A wide range of medical applications in clinic and research exploit images acquired by ultra-fast magnetic resonance

imaging (MRI) sequences such as echo-planar imaging (EPI), e.g. functional MRI (fMRI) and diffusion tensor

MRI (DT-MRI). Due to the relative low bandwidth in phase-encoding direction, images are suffering from severe

deformations and modulations complicating the registration of these data.

To overcome these limitations, two image volumes I1 and I2 with inverted encoding gradients are acquired [1]. Since

deformations and modulations are reversed in both images, it is possible to estimate Be rendering I1 and I2 as

similar as possible to each other and to the uncorrupted I. In the spirit of variational nonlinear image registration

methods like in [2] this can be stated as the following minimization problem

min
Be∈H1

D [I1(x+Bev) · (1 +∇vBe), I2(x−Bev) · (1−∇vBe)] + αS[Be] (1)

where D measures the L2 difference of the transformed images and the regularization functional S represents the

linear elastic potential of the geometrical deformation caused by Be. The functional attains a minimum in the

Sobolev space H1 and allows for Gauss-Newton optimization after discretization. To improve robustness against

local minima, a multi-level strategy is used.
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Figure 1: Correction Results for unweighted DT-MRI.
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